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DI‘- DBM R- Brimhﬂ.ll ' g
Director of Resocarch ‘ g
_Civil Aeronmautics Administration fa 2

Washington 25, D, G, B A
Dear Dr. Brimhall; ' : - ' %
A

Attached 1z a repert entitled Detailed Statistical Analysis of Py

Data Obieined in the Peusecola Siudy of Naval Avi-tors, by Raymond Fransem = .,
and Rogs 4. MoFariand, This report is submitted by the Committee on Selde- i}

tion and Training of Aireraft Pilois 7ith the recommendatlion that it be ik
inoluded in the technical reports igogued by the Divislion of Research, <
Oivil Aeronautics Administration. ey

In the fall of 1939 the Coumittoe on Seleotion and Training of
Alreraft Pilotn undortook a major study at the Pensacola Haval Alr St¢ation,
Pongadola, Florida,in the pelection and iraining of airoraft pilots.in oco-
oporation with the U. S. Navy using funde provided by the Civil Aeronautics ﬁm‘
AMdninigtration.: In thils lnvoetiqation, knowm os the Pongacola Study, a %f%
larze variety of peyeholonical and physiologicel tosts wero administered

4
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by

to successivo olassos oF aviation sadets and to a group of pilot imstruc- Yy}
tLors. "’ “53 ‘:
The resulis of this invostigation have boen surparized in CehoA, ~ ﬂ{i;f#f
Divigion of Hnsoarch feport Ne. 38. Tho present roport is oonenrned with =
the aplication of highly sposialized statistical toohniques oconsiderad e
usoful in the dotailod analysisc of -he significance of the predictors BT
employed in the investigation. .in carlisr re.ort, G.A.A. Divielon of o
Research Reuort lo. 12, dosoribes in greater detail the multiple ohi tegh~ %‘
cique usced ir the anslyeies of the data disgusced in the present repert, _ _"ff:%;_
S
Cordially yours, ] -
W
VY ) Ramin R
: S | o 4‘,_:(»..-
Morris S. Viteles, Chairman S
. Committoe on Selaction and : Y
: ' Training of ilroraft Pilote - 4
VSYerm Natiopal Resoarch Counoll ;g?
. - 'g?,‘
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This report presemts a dstailsd discusslon of the statistisal enalysis .-

| of psychological and physiologieal teet data obtained during a study of newal s
- aviation cadets sonduocted from July, 194C to May, 1941 at the Navel Air Sta= 15@
tion, Pensacola; Florida. Two gamplos of subjecte were employed in this in~ i
veatigntlion, designated as Part I and Part II., The subjects oomprising Part fi'{w
I were officers and collage graduates, while those comprising Part II were "’{%é;,
i high schosl graduates and those whoe had had an additional two years of oollege::-
vorke All of the tralnees had besn given 10 hours of dual flight instruction &,

_ &nd hod soloed bofore entering Pynsacola for further traiming. L,

L =
Pt
J o

Section I of thie repori decoribes the analysis of Part I data on the =
cntire battery of 12 paychologiocnl and psychomotor tests and 21 physiologioal :7%
teota., In the analysis of Part II datay deseribed in Seotlon II, those tsste %
vhich showed signifionmt mssooiation with sugoesss in flight troinipg in Parg -5
1 of the study were subjected to further investigation, Since the samples - i

differed for the two sections of the study, the analysie on Part II whs qg:‘f’ﬁ
oarried through separately and compared with the results obtained from the R
* Y

Part I datn,

In order to seloct the beat bettery of tests from all of ths memsures
employed the following procedures wara useds

1, The reliability of tost samples was examined to determine if the | =y~
samplos oould de regarded as homogoneous. The distridution of scores for :
each population tested was divlded intd halves and chi=squared tests -
applied to measure the significenae of a divergence betwesn two samples

: drawn from the same universe., High chi~squared P=values (indiocating homoe
! genoityof snmple) were obtained for mll tests on Part I, except the Twoe
Hand Ocordinatlion’Test, Tilt Chair Test, Thorndike=Kelley Athletic Achisve- -
ment Test, Tidal Air/Body Surface, and the OphthalmographTeet. Ths eamples
of these five tests, with P-values of .06 or lems, werd suspect, since such
differences, appronching significance, reduced meascurably the nrobability
" that the differonces between the dietributions of the halvea weare chance
ones. )
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A similar analyeis was made of the Part II data of five testa (Eye- e
Hand Coordlnation Test, Otis Teg® of Mental Ability, Two~Hand Coordination o

Test, Mashburn Serial Action Test, and the innssota Paper Torm Board), ,:.3}
All of the Pavalues were high when the halves of each of these meagures 5
were compared, A reversal was obtained of the ocomparison of the Two-Hand - }g;
Goordimation Test, but this differerice was attributed to the lack of oals ‘_5‘;:';&

ibration of the instrument during the testing of the first group.
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2. In Seotion I intercorrelations among the nine psychologioal and

Tt L
s o

Jpsychomotor tests showed that both limear and curvilinear relationships w;%?
among the tests were low. The scores on the Mashburn Serial Agtion Tost i
correlated most highly with the poores on the other tests, the stas being L
close to .30 with every test, except Perception of Change in Position and N
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the Otis and the Minnesota Paper Form Board with an r of 0,36 #nd sn #ia of

S 0.39, It wis ouggested that in as far-as thise tosts were relislile, thess - -
.- . Beagures) with the possible sxoeption of tho M‘bm'n. mlndod ﬁ.ﬁ.‘m

ol dmracteriﬂiu 18 pd.m eelsotions 7. . .
s ‘.

S 3. The nost stsp woe the soloution of thue toats m-k miﬂ of
a4 success in Fiight traiming. ‘To selact such teste the distributisns of taest :
= soores of washoute for imaptituds, oadetis dropped-from traiming for reasons’

other than apt¥tude, and board appsarances were somparsd with the tetal

distribution of tast soores of oadets.” The gomparison of the group of |
washouts for insptituds witk the total population by means of the uh:l.-lqna.réd
test showed that for the Part I sample the Pewvalues for the Otis Test of .
lental Ablity and the TwoeHand Coordination Tost were .03 and .04 respeatively
- while the P=ysilué for the lishburn on the same samplas fell far beleow the 1% -
‘ Javel, For the Fart II samples howsver, the Peyalues for the Oils and the
' “Twa~Hand Coordifietion Tests £61% far balow the Lf level of signiffsance, while
f:gp the Pevalpe for the lamhburp Test .rfese tp ,03. Bincs in Past I the P-valuss

" of tvo additionnl tests .(Bye-Hund Joordination Test and the limnesota Paper

e Form Board) approached tha X% level of siprificance, it weo desided to include
O ‘thege two mppeures of the Part-II analysis along with the poleotad tests, 1.0.,
1 the Otle, Twé=Hand Coordination TM. and tho llashburn 50:'1!11 Mion Test ,
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4, Follotl;ng the aoluﬁon or thm measures which attuiuad ar ap~ .

proached reliable differentiation of the washouts from the tetal population

- {Otis Test, Two-Hand Opordination Tesh, lashburn Test in Section I and Otis
Toet, Two-land Qoordination Test, Maghbwrn Teot, Cye-Hand Coerdination Test,
. and IYmmesota Paper Férm Board in Seotian II) ettontion wes turned to the

- problen of looating in the distribution of soores for em¢h of the tests of
Parts I and II & cut=off pa:lnt vhigh would beeh separate the potential wach~=
outs from the potential svootsgess . This wge determinsd. by vemputing chis

.. for fallure lewvels. at out=0ff polrt@#placed at every three-t#ntha of a
ﬁandard. doviation, ond mﬂf Ior halves of waoh tgst,. On the
basis of a vipnificant ol and of a .standard of effiolency rpquiring that
;;:, the cut-off polst must fall st least 50% of the failureg and not more then
29;- of those retained, the following testa of Part I were found to moet
the eritoricn. euffioiently well to warrant their possible use am predictive
. tewtas Otis Test at the standurd sodre level of -=.7s Two-Hand Goordination
Tewt, and the Mishburn Test both st the standard goors Jeve]l of =.4, A
eimilar analysis of Part mim‘& thet the most efficlent sslactions
_bened on these dats were thoms by the Ctls Test at the =1.0 wtandard anoro
hwi and the Yashburn Teat at . tht -».‘f etandard BUOTS lanl. : :
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.. 'Be F‘:lm]:!.rf o.lthw;h u,ah et tha Losts in Seetion 1 m Smtiwr 11 vere i
found to mpproximate good selectlon devices, thoy all failed too many succesa~- :‘.
ful pilots at polnts vhere they eliminated a sufficient mumber of moehouts, -
Tt wap necessary 19 go- s stap. further and, by msans of multiple ohiy d!tergxim
fov snoh wwmple how the tests opﬂmw in differert-cambinationg at various =
failure lovels, The moet, proaising somddvation oin the Part-1 date was found

t0 be the Otis Test of lental ﬁ’bﬂ.ut:r (below g stundard scofs lavel of ~.4)

and the Mashburn Serial Action Test (below a standard scors level of =dl}. .
This contbination oame naexraqt to mﬁt&na the -50~20% failure requiremont .
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S5ince the patterns of fullure on the Otis, the Twa-Hand, a.nd the Haaﬁhnrggm
wore quite eimilar in the two samples, Part I and Part 1I were combined and - ?S;
various rejectlon levels for various comblnatione of thepe three tests were -
gtudied. The Otis Test and the lashburn Teet were found to be effioclemt ' "%
prediotors when --) sigma was the, cut-off poimt for the Mashburn and =.4 -*. S
the out=off point for the Otis Test. Thene lovels rejected two=fifths of the %
washouts and one~fifth of the paessers. ’ ?‘4
An advantage gmined from this type of analysis indioates. whether failv.rt o
in one test or two of the tests ie as highly relcted to the oriterion as ie "éfi%f
fallure on all of them together., Empirieally, we do not know if failure in ,P‘
psyshomotor testo is carmensated by sucoess in general.intellipence, or vice 7
voran. .The analysis desaribed in this report showed that ocompensation did =%
exlat, 1.e.y poor performnce in psychomotor tests, but better than average %
genernl intelligence did not predict rejections nearly as well as being low. . .~
in bo'h traits, and oonveraely, lLeing lov in goneral intelligonoce, dut aooring'
above averare in psychomotor ability, did not prediot rejections as well as
boing low in bothe LR
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DETATLED STATISTICAL ANALYSIS OF DATA OBTAINED IN THE
© PENSACOLA STUDY OF NAVAL AVIATORS - -

INTRODUCTION
An earlier repurtlin this series has pressnted a general pummery of the ..
studles in aviation psychology undertaken at the Pensacola Reval Alr Station -
under the ausploss of the Committee on Belsction and Traiming of Aircraft T
Pilots. That report pressnis the gensral objeotives of the study, a desorip~ - =i
tion of the oxperimental design, the tests and measures employed, and the :
mejor resulta. It is the purpose of the present report to present in full
detail an extensive statistloal treatment of the data gnthared in tho
Fensacola studies, N
It will be reoalled that the Pensacola astudies were conducted with two
geparate populations which were differemt in two characteristice, namely,
amount of education amd in experimental conditions. In the summary report, .= =&
these different samples wers referred to ap Parts I amd I1.2 The same R
divieion 1s maintained in the present reports all statistical analyses being . :f
i

ocarried out independently on the two gamplea. Analymea of the Part I data o
are presonted in Bection I of the report. BHeotlon II presents the results - "1
of the treatment of the Part II data and a comparison o¢f the two group- of I3
gub jeotim. iy
TESTS AND MEASUPES ANALYZEDS A

The teste and measures indicated below ere analysed for thelr predie- '4-

tive significance in one or both parts of this report. 'In most: instances ;
in the tables the tests wlll be roferred to by number. ﬁﬁ
T B

Eye-Hand Coordination® g

Otds Toct of Hental Abillty* b
Ataxtameter - smount of body ewey in vm A T
TwoeHand Coordlnation Teat®
Percsption of Change in Posltlon «

Tilt Chair#®* ..
Maghburn Seriel Action Test®
LloDougall Dotting Test¥

—— ML e NS g
.

r summary reporte Vashington; D. Cot Civll Aerosautics Mmi:siu- : u-i,
tration Divisicr of Resemroh, Report Na, 18, Kovember 1944,

L,

3a dsacription of thopo magsured F_nd thalr seoring syotems 1e prasrnrtsd in”
the earlder report. i; . . ”~;

:p

4
1M0Farlnnd; Ross A. and Frenzan, Raywond, Ihe Ponsescgla sgtudy of naval g
o

Pt o _7 ' . i
. e L . 1
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o Lot [ugber
) 8 Iinn, Paper Foru Board. ‘Tosth
0 N Thorndike=Kelley Athlstie Achievement®
e .10 Diastolic Blood Presasure = recliming®
“’i“v ' b e Systolio Blpod Pressure = reocliningh
A 12 Pulse Rate = reclining™*
o 13 Schnetder Indexf
gD I 8 Tidal Afr/Body Sm-fm.# . |
eI 15 Ophthalmograph - fixationa per line®™* !
gl 16 Basal Metabolia Ratef ‘
& 17 .Cald Pressor ~ greatest diutolin ahnngo
Aoy foward a positive direction®*
W _ 18 - Gold Pressor -~ greatest systolie Ghans.
AL . L toward a positive dirootion**
S 19 ' Tilt Table .
L ~ - (a) Pulse Pressure Change™*
o b) Pulese Rate Change™* )
e 0) Smallest Pulse Pressurew*
AR : Time Interval to Swallest Pulse
o ’ : ‘ - Preacurei*
&L 24 Biartle = durstion of samatic trm,orﬂ
T 25 :  Startle -~ amplitude of somatis tremor®
26 . - Startls - maxhmum change in rato in a
-positive dirsotion*# }
27 _Oattell Continuous Remotion Tebt = =~
Part i# ;
28 Cattell Contiruous Reaction Test = .
Part IIf ;
29 . Vital Gapanity/Body Surfacef !
ko Gattell Continuous Reashion Test - .
X ' Total Sooref )
31 Vital Capaocity#
3 - Response to Breathing Ruiats.nuﬁ
3 4Breathing Patternif
35 EYectrosnoephalogramfi

A positive standard ecore x superior performanocs
A ‘low arude soore s positive gtandard acore ,
A high ornde soore s positive standard ucoro

M : Orude scorss were not converted inmto standard scores on
. ST : these testa. ‘l'hoy are ratings.

r_.!:‘
%""‘i *

Lﬁ, S A aomplete d,oneription of the respirstory meazur'es and brﬂath!.ng patterm
Wi and a.deteiled statistical analyeis of these measures my' be' fuun& 1n tho ronw

i+ ingt Trensen, Raymond and Blaine, Louisa. Eyal :
<7 for use An pilot. selegiipm. Washington, D.O.u o:m1 Momutiu Mminiltm:l.cm'
g"f Divieion of B.nmoh: H.q:m No. 25: January 1944- T . B
E:‘;hﬂ' RO lf‘r;
" i e R



SECTION I
STATISTICAL Tmm.m- OF THE PART I DATA

In this gection of the report are prasented those utatiltia‘nl tnalylu o
eonducted with the population inoluded in Part I of tho Pensacola studies,
The soores of Naval Air Cadets (varying in mumber between 336 and 373) om 12 3.
pasychological and psyohomotor tests and on 21 phya&ologiaal nonsuras are the i
basis for these analyses. E

In order to0 faocilitate comparisons of the tests, tho original soores oJ' ‘5"
- euoh test (exocept responss to breathing rosistanocs, breasthing pctttern. g ﬁﬂl}

- were sxprossed in terms of the mean and sigma of the test: X=il

analyses have been made using the resuliant standard uoorasJ o thrn tlati ““5
where standard soores were not used were originally scored by a foursplace
rating, not & continuous varianble, hence the original eoorea wars used in acn-é%i

pldering these variablon. ?&
g

In oarryling out the statistiosl treatmemt of theso data, the following i
analyses were undertezcn! i

1. An investigation of reliability (using chi-squared) of thé sample by &g
comparigon of "arbitrary® halves of the population on emch of the ’»*
tests. This is to bs dlstingulshed from the reliability of the meas- :

urements whioh were not avallalile. All cages used were ranked in f

eorial order, One half is composed of even ranke. The other ha.l:f

is ocumposed of odd ranks, ;O i

o8

2, Intercorrelation (r and eta) of the nine psychologival q.nd puyahomotoz B,
testo. , . Wl

‘ T
3« The sipgnificance of the difference bestween the distribution of the S
sooros of ‘selected groups of pilots and the distribution of all p:l.lctnm e
(ueing ehi-squared). The selected groups were washouts for aptitude, *

pilots who had had board appearances, and washouts for whor thea ap= "
titude n.nd a chance selection.

e T

r-\"“ T
T

4, Consideration of sslected tests for distinguishing washowvs $0 de- 3
termine the rwost effiolent ocut-off point, i.e., maximum eljmimation . -7y
of poor oadets with minimum eliminstion of sucsesaful ocadets (ueing . .3
ohl S
)
Be -Oonoideration of various combinstlons of the saloctod teats to de- %
termine a pattern (battery) of cut-off pointe with greator efficlency ' .2
than t‘hat provided by any one test alone (uaing multipla ohi), AR
i
THE ROLIABILITY OF THE SASPLE Ry
: ' o | LA
The teet scores may be examined for honiogemeity of the sample and for %
consistency of administration by a oomparizon of the distribution of moores iy
' ‘%

5l‘hﬂv a'tandard georea cn all sub_jeatn for sach test are on fils with the
National Pee«aarch Couznsil Comnittee on Selastisn ard Trairing of Alrerafli Pilota

{v =

- J‘_ i
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*The Two=Rand Goordination Test (Tost 4) cannot'be sliminated but would re juire

T

¥ eicilar unlverss of dats to giich the same meamures may be applisd, the parent
%7 population ajreddy “gund Is divided in hnlf axd tho tests’ :‘or -,‘s&lﬂ.ﬂm
Yy differencen w ‘ o
o -T2
é‘ . 'nu m-amﬂ rom.:'h, -.T-i;—- 2 it T, s m be mloyoa :
%f_ to measure the ﬂmiﬁﬂmo or a divargoma bet‘vm 4wo nq:hg drawn h'on
% the same universws The probabllity (P-valus) obtained from such w chi-g
‘fifﬁ As that of baving by chance a' differaence as great as or greater than the exist
é’ ing. icibaorvod) difference; it the two such uﬁplu are: lt‘thth‘nm fron a hm-
E,{ ‘gensous parent mﬂm“ at random, .
L The nhi-;quum& and P-valuwe for each test up,pur in Table 1. !‘or ulq:h, )
,f« Tosts 15 (Ophkhalmograph - fixations per line) and 31 (Vital Capacity) reprssent
; -the two axtremes of differense and likenees betwesn their halves. The latter
A has & P-valus of ,95 vhich neans that by chenos there would be as much or more
5 difference betwsen saiiples withdravn from the sams parent universe 95 timss
- out of evesy 100 such somparisons. Test 15 with & P=value of ,0Z hns sach
@:.  divergence in. the distridutions of iis halves that ounly twiee out of 100 som~
¥ parisons of ianplga with tho same origin would such a differsnse be due to
%,  chance alons, Test 31 may be donsldered to rieasure & homogeneous group with -
277, uniform standards of measurement, Tegt 15 must be mistrusted sither as to its
gﬁg’; adminigtration or ae to the present mplinz of the quality msasured,
,a:ijﬂgﬂ ‘
;g * A Pavalys of .~05' way be lwcevptad ae the point abave whioh a diffuronu is
. po¥ oonsidersd significant and below whidh-a differemse cannot. be ignored, ‘
;;;" The adequaey-of the sauplen of Tests 5, 9, 14, aad 15 oust de. questioned,

) ’ reposted npp;:iqa.’thns 91 th greater comsibteroy in reau‘ltn “béfore tho interpre-
G ‘*"-‘a-tionc baged ‘an: this application may be aodepted, cnmfnm %h this test
f: ndefit. Wpon ' calibration of the two-hand mechanism to-unifora standards

-J'

Yy
r'l
B
?4-

and s mny ho the cause of the unreliability in sampling, - _
a&*% E A3l the other tﬂil have P-'mluul large enough to ;n&iﬂﬂl ﬂaﬁ differ-
g oml between their halves ars probably dus to chance. The test samples mey
% thigrelore be regirdsd as homegensous. The importance of this result must not
-be overlooked:sines a dlstinstion in distridution between washouts and thome'

L

kb
gii

’ homomeneous to make.ohance "pockeis” improbable., Use of chiesquared {(or any

S b #uch pmaﬁuﬂ) %o distinguish a sslested wow from its pnunt pspula= -

‘.‘?wf j um iu't ASBUDS & i:mwemn plmt.

el I , —

me: rmh ¥o. odd mk- m amgsd in nml or&or.

e jﬁ:éi.ff*

ST

%,
Fenl

7Disﬁrjhuﬁns in mndml deviation :I.ut..mh of. the halves and o:r the: B

T

Tpratming. ui‘ Alroralt Pilotl.

g -
?§ wha have been agoephed cannot have moaning unless the material te euffiolently -

42" 4otal population of wsch test are on file ﬂ.th tlrt Mﬂu on smetm and , )
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%‘Tﬂ {r"krn%h r;\n' x r:;%:‘v{:?-%\w e
DEETIAT T A
Cemparison i Halveg
Liagrs:,' 1t
J_T‘est . 3 of -
- Byabar o S Fres g, HELY:) Slemsy ..
i 22 47 12 _ T30 B 373
2 A8 4,70 i ) 52,2 8.7 - 336
3 R 5 AT 12 449.0 1137 373
3 i 1.06 , “69 1.2 59&3 1.9 3?1
5 <04 i, 80 11 ‘ 23.1 9.4 KV R
6 .73 G.732 1z 597 103 374
7 143 12:16 12 214 .6 25.2 31
A <79 7291 12 43,1 8.4 339
9 202 23.82 12 A5.L - 21.2 357
10 .66 9.5z 12 - 0.0 8.2 372
11 +92 5.9 12 , 115.5 8.7 373
x2 «42 L2582 12 65,9 8.2 373
13 469 6.90 9 10.8 el 372
14 L W03 20,92 mn . 370.5 114,9 - 368
15 02 vh 19 12 B.5 1.4 356
i6 - o408 10.6Y 11 1.6 14,5 367
17 o37 12.98 12 _ 21.8 11.8 359
13 oL7 16462 12 . 13.6 10.1 359
1% 19 10.02 12 A 9.3 361
19b 222 ©3.10 - 10 3745 ~ 10.7 361
19 51 10,21 11 17.9 149 361
194 v 35 12,16 11 12.1 5.7. 361
24 .70 4,67 7 1.15  2.26 337
26 68 9,29 12 8.73 i 337
27 . .24 15 .00 12 . 424 bo 8001 34'0
28 ,88 6.70 12 321.6 79.2 338
29 «93 5,78 12 2776.0 319.0 360
30 094 6.38 e 12 746&0 g 134,0 gzs
. 363

31 95 - 62 - 12 . 526240 689,0

#It should bs noted that the X2 for halves of ‘the distribution wilk
tond to be lowsr than that of the total distribution, This may be
expeoted from the raduced size of the samplea. ipyolwved in tl’h .oalou=
htiom.
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. z!.a.l.iab.ility‘ aurralni.;om Tor 1.ccl A:I.‘ atarreotan. for Bady Sﬁri‘&av
“£ipat twn minutes wih séacnd twi sinaten, for instance) have bean found
'Im bo over .90, Ths meesurcment i: relinbls, bwt the sample is not, ‘ -
Ming sonditions of measuroment pay incresme relisbllity dnaﬁ‘ioiantl, ok
 hut. ;mr the raliahiy,ty of ghe szplas - ’

IHI‘ERGOHREMIOH OF NINE P‘EFGHDLQGIGAI- m PSYO}@HOTOR TES‘I.‘EB

Sinow the peyuhologiﬂ! and puyonorotnr teate uaed wera :ﬂmam beoaugse
‘of their apparent pertinente in meesuring e givan sst of coardination and
“reaction pattera thought to b3 bagie 1o etcossaful flight porformanse. it s
necensary to investigate tha axbwsil to vhieh thay do measure tha esme or
‘related aua.litiea, 1,80, thn dagrac af osorrelation amonz thelr several
reaultso

: Linedr or mwilinear sorralntion (8ee Table 2] among the payphmotor ,

. testy 1 alwmys 1sas than .4, Tk» dphest relationship bestweea aay two toete

- Lg that botweon Tasts 2 and &, t*» Jis and !Hnnosota Papsr Form Board, with

an &.of «36 and an ste of .39, The Mushburn 3arial Aotiom 3oorea {(Test ©)

are moat apt to be assoeliatsd with Lhe sgores on the other testa. Thé etas -
af thias test are olose to .3 with evary other taeat, except Testa 5 and 9, whish
have bean found to have doubiful sumapling aannistanny. Thie is the only. onn “
of a rolatianahip pe.ttern in the correlation mtrixo S |

2 It nubuqmn‘t tosting wara to y 1513 highar mcfﬂuiom&n, the hypathuin pf
umn fagtor, that ia, the hypcthtmis that the lﬁuhhm:n. Por ivstange, av'niuath
‘qartain aspeots of all the qualitiss measured by the other sixz tests, would be:
worth investigation. Single order ' of 93- howsvor, should mot be ussd as - ‘.
s basle for maltiple ussoolations because any ohande sriers iu rohtianahip o
‘artifioially increawe the miitiple soefflclente. The present measurss suggest
. the possivility that the Meshburn wanld be apt 4o have non~linsar rolations
" with the paychomotor teste but a linear relstion with the Otle {a.n mumoa
by the size of ste minus r)e . | ’ :

. With the pouib,ln mtuption af Twl: 6 (thhbm"n). it 4 appaﬂm thnt
R thuo paychologliral and psychomotor tests, In 80 far as they are reliable,
£ .7 measure very differenmt charsctoristios. It 1s also apparent that some of .
“the relations tend t0 be non-linsar. They must then be separctely evaluated.
in torms of their function in pilot selection. 'They may be combined in such
.0 . umowanner as to obtwin maximum prediective efficisncy. ‘I'ht nl:xt _'pcu‘ta of this.
uotion of ths report will deal w:t+h this problm. '

4

- Brne- phyﬁiologiui mauras Bare uolectods much more at random then tho )
- other tests_in an offort, to find phynical ohannteriatiu that might have

#:' . besaring on flying apfituds, Corrolations among them, tharefore, were .
“¥i7 ' trested in groups tu be presented in subsequent reporte, Theee groups ars

R u thirteen Tilt Table toatu, aine Rupirauon meas ures y eto.

‘ 9'1110 Cattell Teats ware mt included an thuq inhmrrel&tiom bacmuo.
thay ware not available until later in the study. . ;
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' mmson OF SFECIFIC cnnmazou GROUPS ARD THE .
, TQTAL POPULATION -

P Since the mejor objective of thage. mwigations is %o saloot “bedts !hﬂhi
TRE would fail thoes who laock aptituds for flyingy each of the tests and measures
G257 wmirgt be ¢valuated in terms of the degrse to which lits séores dietinguish those

My with urtain unsuccessful f1ying expsrience from the total pmh‘tioli at cadets

TR tested.

i ‘ : . e
B By moens 0f the chi-aquared formula, differsnce betwsen the distributions
¥is ' of test mcores of certain seleocted samples and the totel distribution of all
Lgiet  oadete may be mluated.. The ehi-aqnarad Tormla, 5 M}_ ig used to

a exprong the monnt of divergence bhetween a samplo and itm paront population,
"‘r{ The symbol "o" in the’ formﬁa ie the obtserved frequency of the sample and "a" 1

7L tho theorstical frequency The probability (P=valus) then statep the chanses.
-v!}“ . 'that the group, ﬂ.ndiaa is a chance withdrawal from the parent populntion.
it . The aiétributions of test scorss for thres groups of cadsts were compared
40 with the parent population by means of this procsdure. (1) washouts for .

& inaptitude, (2) those dropged from tmining for reasons other than aptitude,
g7 - end (3) board appearanses .2

A . The results of thess oomparieons are mmrtud in Table 3. This tnblo .
EET prysents the P-yelues of emch of the groups studied for 31 of the psychologi~
“nngsp, 0l and physliological teste, In the lmst colurm of the table {Psyalue of =
"2 chance selectione} are the Pevalues for a comparable group of sadete sslected
t?;:g at randem from the total population rrd evalusted in the same wannsr as the
oy warions oriterion groups. ‘

il The detailed data for wach of the nritar.tou groups are prsaented sep~ -
.27 arately in Tebles 4, 55 G and 7. When the P-yaluss are below .03y the group
.+ described may be considered as differing signifioently from the parent

i ‘ popultuon with respect tp the test analysed, A difference of this degree
g2 would.ooour lesse 'ghm 3 times out of svery 100 chanos Withdrawals from ‘

- . the parent group,

Great care m be exercised in the interpretation of thess P-values. .
It will be cbaerved Ahat low Pevalues sppear in the last column of the table
© in some cases. Theae are ahanos withdrawals ﬂ'du the.tétal populax

, 10rnig 40 tho goneral formula, choial applications depend upon how "e"
is dstermined.  In this omse the theoretical frequensy is the “expscted” fre-
quensy in the sense that the senple is expected t0 bo disiributed in the same
-r.mpurtiou throughout the variable as is the parent populatilonm,

My embutions on S1gma Lutervals of each oriterion grovp and their
theorstiosl (expscted) dietribdutiomsused in somputing the shiesquared test of
aignifisanse for each tesht are on file with the lational Researeh Counoil-
Cozmittea on Seleotion and Trﬂnlng of A:I.rmﬂ Filota.

12, ﬂonpllt degaription crt thm cri:ttrm groups 1: preuu&o& in the
final sunagry rePort.of the Fansacola siudies, Bee MoFarland, B.en AL and
- Fransen, Taywead.. Op oit. o e

1
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. tdon boiug studled. If we withdrew 100 chance arrangements

‘Test 6 {the Hashburn Serial Action Test), on tho other hand, yields soores

|.,
I

then three of these are likely %o show a Pevalus of ,03 or lm
reason it becongs sssential to test the reliebility of ‘the P-¥
puting it for halves in the manner indicated on page 4. Sush an

will follow in this discussion. One of the low P-values (.016) fer
chance withdrawals, it will be noted, is for Test 4, the Two=Hamd
tion Test (sse Table 3). This again points to the polsihle lagk of homogen= — <.

eity in these figures as indioated sarliar in the report by comparison of R
halvca of the total dietribution of ‘test soores. i ;,g
The firet oriterion group selected to represemt flying irability was u R s

group made up of ocadets who had been "washed out" because of inaptitude r'or %
flying, demonstrated during the pilot training perlod. The chi-mgusred and
P-values for thie group, presented in Table 4, should be read u‘l'fﬁllml g{
In the cage of Test 10 (Diastolis Blood Proseurs -= reslining) the dis- SR
tribution of the soores of 35 waghoute was 20 similar to the distribution of i
the scorss of all pllots that differences at least as large as thoee which. E
ocaurred could be expected 97 times out of 100 in samples withdrasm by
change from the oame universe of data. (The P-yalus for a chi-pguared of
1.6X with 7 degrees of fresdom is .97.) It 1o obviocus that failure in flight
tra is not signifioantly associated with performance on this measure,

for washouts that are distributed in a mannor do different from.the sooren

‘of 811 pilote that only three times out of 10,000 would ohance produce a d.it- -

ference as Yarge or larger in withdrawals from the same Universse of data. A
(The P=veluo for a shi<asquared of 23,52 with 6 degrees of frssdom is J00028),

It may be assumed therefore that Test 6 does distinguiah the washouts from R
the total populetions, 1.e., the toot behavior on the Maghburn Serial Astion
Test . of those cadets oliminated from flight training ie of a a:l.gnifioantly

differomnt’ nature than is the behsvior of all pilaota, .

Asmm:lng the P=values {0 be reliesble, Tests 23 4. ard 6 (tho Otie, Tvo- ¥y
Hand Coordination,and Mashburn), and alsc possibly 13 and 19d (the Sohnelder -
Index and Time Iptorval to emallest pulse pressure on the Tilt Table Test), %70
would bo selected as measures whioh would signifiocantly differemtiate railurag weL
in f1lipht training (for reasons of imapiitude) from the total populat-ion of - ”; i
cadate,

%1y
St

o

’ A&

" In the comparison of halvas, the._ raliabilit:.r of thp TwosHand:Coor- ““3
dination Test (Test 4) wae not eatiefactorily demonstrated (ese page 5}« The i
probability of chanoe ocauping the differsnoe botween washouts and total A
population is only slightly lower than the P-yalue of the halves, and might, %,
tharefores be dug to the known lack of consistency in the tést's adminietretion’s
There is, howsver,; good reaeson, hbecause of the naturs of tha testq not to : ‘éfﬁﬁsk
eliminate it es a possibility for pilot selection, but rather to enforce be“és %
oalibration and standard proosdures of adminiastration. This waa done at n hed
later date. All subsequent considerations of the Two-Hand Coordination Test =3

are on the essumption that standard oonditions of measurement would provide ‘Tég,x
e

S

,-%:
‘.

oo



' ts vl fdcquati r&lieﬂ:ility-” —
e giebion of the obaerved and qp-ma ruqmcs.qlt‘ummoa the.

g% - the large differouce between wachouts and total pllets in their
W) sogres. BSuperior performance (soores above the mean) would have -

ﬁ* “Yy-the Mashburd Towk) may be

of thei seor'ed abovs aveirage, Twice as many washouts had ecores that were
o7 or mowe;standard deviations below the mean as would have. besn the oase

.é‘i“‘ beon empeoted among approximstely 19 of the 35 washoute. Actually omly 8
A
A

E { had their distritution resavibled that of all pilots. These d.iﬁ‘oranm _
B appoared af- 21l intervale of the distribution. . ‘ T
a;: . Inthe m of the Otie Intellipence. Test (Test 2). howevar; the differ-

‘3‘1 ° dmqes tend to beat both extremes but not in the middle of the d&istridtutions,
w5 . Hine washouts, as compared with 4.4 axpected casesrhad extremsly low mcores,

“'Eé,, 4484y 1.8 0r more standard devistions below the mean, Only 3; instesd of

© . the 9.1 empected frequensy, ooour at .T or more standard deviations above
%ﬁ? ‘avarnge. The gther 22 cases ars distributed ncoording to expectation.
e L - .
o - Phe War of these relative distributions -~ the *pqnmw tests
% georing -mgm lower throvghowt the distribution and the intslligenes test
T . distinguishing them ab the two extremes - suggests the possibility of empca
5. - sation amopg the tests. It may be that very high intelligenoce will allow

2 forp puut taintenance, even-if other abilitles are abssnt wnd, aoitversely, o
“Fks. vavy low imtelligencs (low in terms of the group tested) will outwalfh -other -
N"{ﬁ abilities and make for poor fxm aptitide, Payshomotor resotions o

gnificantly-asaosiated with pilot- uapmm

AR

w"“’

"~ whenawver they ard below avorage.

-
1.#5\( ,‘

A Thers ars w0 other groups of cadets vhoeo ﬂ.ight prqgiottm had beon
2 vnder quéstion but who Vers not poor emcugh to'be failed for resspns of

‘ﬂ,ﬁ’ inaptituds, One is composed of oadets whe wers dropped from training on

' : -grounds Aeparibed as "other than lack of flying aptitu&lr, and the other

A8 oonposed of oadets Who had "boerd appearances” but: who hall nst, as

[.,5 © & result, boen grounded, Oowparison of eslscted scores of thess groupa )
'l of esdets epd the total population are presented in Tables 5 asnd 6. The :
51 2 _teste temtutively eslectad on the basis of $he P-valuss for washouts

Bt ‘ — ‘ : . — -
-%; IM. Snbuquqnt to the vrtti.nk of the report, tlﬂ.l tut was
fevim. For a discussion of the original and revieed fofms of tha Two=Hand
¥ . ‘Coordination Tewt mnd of data obiained with this oqu:lpmm. seo! llo!‘arlmd.
s Bm&&.and%maﬁ;ﬂnlphd, : nogrdin
o o D, Cot Olvwil Mronmt.ion Mm:!.:d.t&l‘ttion M.rlnu Mlupumt
5355 Mﬁnimy Keport No. 36, October 1944,

i?* 14‘1'11.« ammmzm are on £1ie with the m&m Moh ﬁmou
%@ Gmﬁtu an. deleation and. ‘rrﬁmg of Atroraft Pilcta. |
5
Fiats ’
S :
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smx..mr OF P-VALUSS FOR ORITERION GROUFS AND GHANGE BEIEOTIOIB
m COMPARED WITH ALL PILOTS
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f?‘llﬂﬂﬁ-O#htr-ﬁhlhﬂlptltﬂdif“gféhp vhich is ap~

5ﬂfﬂ-,. - ' sppear in Talles 4, 5, 6, and 7. N's for all ‘;l IQQ H :
" 3% exeept the “aroppad=for-rensong- oy hie 1D e tela,
o 'prexiuutuly 12, ’
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OMPARTECH OF JaNITH UMAOLD T Ye a3y ORH S OTHG TP TIURE
: " AMD A58 PRI 05 0 Badikil oLyl

vt 0 ¢2 Dropped i ol
Land T o Tar ;r!;u a4y far ot
Pygbas B Fhi¥ when fwiinade . Dimiriaden
L YO .24 L3 375
2 0.5 »17 : L3 336
: 3 ST 37 13 ) 33
1 1,010 2 12 g 37
5' 1000 G . 13' 373 :,_, >
& $7°6 35 : 13 . YL S
7 B39 13 31
& 246 1s 15 " Az 339
9. <179 .28 - 13 357 Ry
10 2719 28 13 32 o .
11 595 56 X 373 &
1z - 2317 1,00 i3 -3
13 406 T 1:.83 12 , 372 5
14 2159 1.41 ‘ h¥s 366
15 o174 1.36 12 356 5 &,
16 «596 053 1z 367 iy
17 004 2.69 13 359 o
18 V165 . #30 12 359 o)
1% ) 073 172 13 361 A
19b .59 66 13 361 ey
1% o435 . o 70 13 , 161
194 .242 1.17 13 . 361 .
24 a343 095 12 337 aTg
25 : 4536 62 12 k) S,
26 2826 . e22 12 337 - B
27 © 353 293 12 ‘ 340 CRE
28 523 ’ 64 .12 338 T
29 .809 | «14 12 360 vf}
30 .184 1,33 12 336 8
S 569 57 13 363 N o2
| - 7
*Chi; not chi-gquared, wae exnioyed in these caloulations because e
the emnll N of the pelected croup does not allow more than 2 s |
intervals in the distributics and, thoroforog only ons degree i
of freedom. o
S
o o
55‘ ‘ S
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R ‘IL ‘Lr— (t'.t. Tonts 2. 4' nnd ﬁ) make abaolutely no diﬂtimtion ol th‘ '&'ﬂﬁp‘d" "
¢ 'pAlota and reveal no eignifiocant divergenes by board appuarancsss It ie
{riteresting, howewsr, that the liashburn Test (Test &) whidh has seemed to
- hgld the preatest possibilities has = relatively, though not aiglnﬂaanﬂy g
low Pewalus in th& oass of board appearances. -

It will be notaﬂ that thoas paycbolog:l.ml &ad psychomotor tosts !hich :
furnished important clues to the selection of wnshdute provide no d,ospﬁpu )
tion- of these pilats selestsd on grounds other than desided mﬂp'bittdo for -
flying. The only suggestione that the chi-nquarsd measurcs ¢ffer are azong

.~ the physiologidal tests whers thres oerllovasoular measwes (Tests 10 and 13
‘among board sppearances and Teet 17 snong. éropped pilots) have a very low . -

probability that the differcnoe betweon tho selected and te¥el group is dus
t0 chanos, It ia worthy of noto that ihe only measurea with a Pevalue under
1, in the orase of "drqppod" plints, «ure Tests 13, 17, and 199..

The problem, howevery le confussd by the unreliabllity of the physio~’

" logionl teste¢ am measures of individvsile, though the scorss may be perfectiy

Telinble representations of physiolopicel rioments in the individunl's ex=
perience. .It ie because theoe tests ure mnasuring_proooaéss whioh wary
with conditloris; that unreliabllity oust exlat wntil sufiioient rapetition
ogtabliohes Hiorms for individuals thad truly distinpuish them in torme ol
physiolépionl funotion. Ona mpplication of eush tests measures only the physi:
logdcal inotant, ohich is dotormined by lnmmersble other unoontrollitls iﬂ.ua

: fluenseg in the urgrm.tsm and in tho wﬂrmnh - S

In spite of this limlistion, the throe tutu with distinotive Pswvaluagy
(Piaetolic Dlood Pressure =~ raaliningy Cold Presaor == greatest diastolio
change, and the Sohneider Index), mesiure phydlclorieel unctions which
mipht. b ascocintsd wilh emotlonel exoitmtion. . It seems possiblo, therofocep'
to regard them as sugrestive of Lehavl ar that will call a pllct imto guest on
even though he is conoidersl tachnien™iy competent. The two physiolomieel '
testz (13 mud 19d4) that esewed so dnd.cive some poasibllity of distinguisking.
washoute were aled esrdicvanculsr messuresi thé Sohnoeider Imdex &nd the )

T1it Table -« time imtorval to smallost pulge progsurs.

| It im very important for future rassmrsh on physiclogionl meapuras that
a reliable and valid index of esrdiovzsouler efficlenoy Bs developed. These

- materials definjtely indlca‘e that such a test could play an important role
in the agelsction of pilota. ALl conziusiona rognrding. the seleotive afficienc

of thesetesis muat, housver, ba drawn wilh oxtreme caution, Ixtensive oroRE

- validation of these results and standerdizetion of the rl.yolologloa) measures
Athemgelvae ruat ba undsrdaten Wsfore reaults of their us: will be truatm}z thye:

If any piven th9h, purportes {o winsinguish inaptit ude for flying be--
oauee its I'=vnluve iadicnted suoh a dirtisstiony eould oouur by shanve oxly

" - twice aut of 100 aunh compAriggag, ther LF sinee only one 'netence s rep-

recented Ly ihese cnloulallors, §6 fe wlvaye peasibles that the COMPArLacR -
in question is one of “thoue twe timee- The Lepa,; m—m_g_ the popwlotion,
the morse e eny pliven dlve~vensze ol earwmie from the- pareat ponulation apt :

" to be w ohange ong, olran Lanugk Ehe probability of such a chanes ocourrencs

is corputed an-tow.

‘ Cmes :H'u Q%r e&iﬂf&;x %
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ALL PILOTS QN EACH TEIT
Dmgrool N of N qt

.JL.. IISHHHII - aﬂn:n:annzu n&:t:anss;sn a%
8 oz. “ ich
2443
2.54
- TeT4
4971
19479
10,57
801
3.16
15.15
3.10
1.26
22,17
3.03
T-94
2.55
5.39
6.18
523
2.83
11.24
3.16
55
1.39 .
8.87
8.86
509
6,41
6.42 -
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This 1imitation applies to he data under consideration in these analy-
oos. It is important, therefore, to tost the rellability of any F-value,

. One refleotion on the dogres of this limitation 4s to compare halves of the
population as reported earlier in this report. Ancther reflection, empiri-
oal in naturs, is to select at random 36 pilote (about thé number of waghe
outs) and applying the same chi~squared technique to the distributions of
their soores as' was employed in the analysis of the groups with speoifio

" flying experiense, These regults are merely by way of illustraticn and can
G not be taken as proof. The results of this snalysis are presented in Table 7.

- Tost 4 (the Two-Hand Coordimation Test), which, because of its tosting
_ technique, was found o have doubtful reliadility in the ocomparison of its

"\ halves, 18 found to bave a larger difference (smaller P-value) between chanoce
. whthdrawals and the total distridution than between the dimtributions of
washouts and total. I% may be tentatively conoluded that this gsst, with
betier calibration and standardized conditions of appliocation, would have
prodiotive value, but that ae ndministered at the present time gamplinge may

+

Similarly, Test 13 (Schneider Indox} digtinguishes between chance selso-
tion and the parent population (P .= ,0l) more gsignificantly than between wagh-
outs and the parent population (P x .05), but less truly than betwsen board
appearances and the parent population (P s .0005). On the other hand, com-
parison of halves in this test has a P~value of .65. i

The remaining tests that offered popsibilities, 2, 6, 10, 17 and 194,
(Otig, Maghburn, Diastolic Blood Frasswre =- reslining, Cold Proasor -
greatest diastolic change, and Tilt Table Test == time interval to smallest
pulss presgurs) all show eatisfactory homogeneity by both methods,

This gomparigon of chance selectlions with the total population merely
1llugtratee the difficulty. If an extreme differenoe oocurs then thers is.
reason for suspicion, If the chance eelection shows & P-value indicating m

- large probability that such u sample will appear by ohance, this does not

constitute any favorable evaluation. The cemparigon of halves does test
homogenelty., The evaluation of chance selections may illustrate heterogeneity.

Analyses of Tests 33, 34, and 35 (Response to Breathing Rosistanoce,
 Breathing Pattern, and EEG) recelve only limited attention in this report.
The differences between both the washouts and board aspearances and the par-
ent population are not statistically slgnificant. The reason for separats
and limlted irsatment of these results is that the purpose of this study is
.ovaluation of the selective funotion of tests. Ratlngs are, by thelr very
naturs, inappropriate for selagtion. In the first place, ratings are not ob-

3 . Jeoctive and in the sscond place, they (4-place ratings Eka thegse) select too

many oases in their lowest moale soors to be practicel.

Ly oompl‘ata analysls of breathing racords vas presented in an sarlier

report, See Franzen, Raymond and Blains, Louisa. Op. cii. A detailed amaly-

sis of eleotroencepmlographic revords will be made the subject of a subsequent
report. One such analyals has already appeared in this series of tachniocal

*

sion of Resoarch, Reports No. 13, April 1943.

reports, See Forbes, Alexander and Davis, Hallowell. Elootroonooghalog%fg
of pavel ayigtorg. ‘ashington, D. C.t Civil Aeronautics Administration Divi-
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TABLE 7

THE PROBABILITY THAT PILOTS WHO HAVE BEEN SELEQTED BY OHANGE 4RE NOT SIGe
' NIFICAMILY DIFFRRENT FROM ALL PILOTS IN THEIR SOCRZS OR °

BAOH TEST ,{
Degreeos N of N of
Test 2 of Chance Parent :
1 154  9.41 6 36 31
2 128 3.61 6 34 336
3 «267 6,46 5 36 3T
4 0,016 13.99 5 36 n
5 930 2.40 7 3 373
6 «307 5.99 5 36 374 .
g +440 5.86 6 36 n
391 6.31 6 M 339 |
.9 544 5400 6 34 357
10 «939 1.70- 6 36 ‘372 i
11 686 3.93 & 36 373
12 «906+ 89 6 36 373 A
13 011 16.60 6 36 372 R
4 653 4.18 5 36 360
15 .235 6437 5 33 356 S8
16 106 6.20 4 36 367 R
1 «910+ 36 4 a5 359
1 «783 1.73 4 kY 5%
19a 4036 11.92 5 35 361
19b .880 1.73 5 35 361
19 064 10.49 5 35, 36
194 . «429 5.95 6 35 361
25 +808 1.66 5 34 3
C 26 : «200 5.99 4 34 337 |y
| A191 8473 6 34 340 s
28 961 1.38 6 31 338 L
29 2351 6.7 6 34 360 i
30 0‘17 6.06 6 31 336 .:“,e &
EN Y o539 4,08 5 34 363 L,
- S
ij

| ittt

a

' ki oA



CORSIDERATION OF SELEGTED TESTS TO DETERMING STANDARD OF
ELIMINATION FOR INAPTITUDG

Thus far in this report tho difference between washouts mnd all oadets
hae been donsldered as it eoxiste throughout the entire range of the distribu=
tion of test scores. The problem up t¢o this point has been to find tests that
meapured some oharacteristics in which the unsuccessful fllero were different
from fliers as a whole. Ideally, however, the problem is to divide ihe popu~
lation into a dichotomy of flying success and flving fallure., It 13 not one
of oongidering werying degrees of flying ability as related to a test.'s eocre,
tut of locating u level in any test or oombination of tests that will die-
tinguish botween thoss eadets who will in all probablility be climimtcd from
flight training end thosse who will suecesd,

- Praotinullyp this out=-off polnt eannot be loocated so as o0 aliminate all
potential fellures and yet retaln all potentlsl suocessos, but must be put at
the level of grentest efficliencys l.e.; rejoecting the maximun number of the
"feilure" category and tho minimm mmber of the "sucoens" oaterory.

The ohi tochniqua,ls applied to the washouts vs, totel population group,
vhen cumilated into pess and fall categories et any score level, will test
for groatest solective efficiency by showing the cut-off at which the pass
and fail division of unsucoesaful pilots is most differont from the same
division of all pilots. Suth levels must then bs tested for the proportion

of sucoessful end unsuccessful pilots that they would slimimate. Thus a
given cut~off might yield a wery high chi because it "failed" B0 per oent

of the washouts and 40 per cemt of all pllots. But it is not a satisfactory
level sirnce 40 per cent fallure of all pllote are neither efficlont nor
degirable. . ) .

In view of the recognlzed opportunity for a chance determination of
guch chis, the materials wers again divided in the mmnner desocribed on
pages 3 and 4, i.e., 2 ohi was computed separately for halves of each test.
Unless the ohl at any level tested is high for both halves, that level should
not be accepted, These chis are rresented in Table 8, It 1s not necessary
{0 express these chis in terms of probability. The ohi may ba interpreted
Juet as a standard score (X/5x) valus would bs, A negative chi means that
-there is a smaller proportion of washouts than cf the parent population be-
low the slimination level,

A ohi of 1.0 indicates a probability of .3 that the differonce was the
result of chance; a chi of approximately 1.90 represents a Pe-value of ,05
(,025 ut each end of the distribution), ete, Therefore, with gome latitudle,
the ohis for both halves of any teat level must be ap large as this or larger
before the teat meots an acoeptable criterion of distinguishing between wash-
outs a.nd'tbta.l population by more than‘ chanve.

lé'chi, not ohi-nquared. since the ocategorical grouping reduses the degrees
of freedem to one and probability, then, is the same for chi as for X/0x. See
Franson, Reymond. A method for seleciing gombinations of 1g!tg and determin-
ing their dest "out-of. 1 to yleld a dichotomy most like n categori
eriterion. Washington, D. C.3 Civil Aoromubioa Adminiatmtidn Division o
Rgsearch, Rupnrt No. 12, March 1943. L,
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Unfortunately, if this requirement is rigidly enforoed only two tests &=7
out off ut the mean would meet it. Reocognizing that errors of measursment -
will lower ohl walues: particularly when the size of the spmpls bas been ..;_.., ,
{as is done when halves ars-compared}, the {hree pesyochologioal tasts’ - 4,
2; 4, and 6 (Otis, Two~Hand, and Hashburn) at standard score lovels of -.7T, };}‘
=edyand ~.4 reppectivoly, were accepted as reliable and significant distinc= .
tions betveen wnshouts and total. All ohl walues for halves are well over 1.@»
Here, again, is mpparent the differemt discriminative funoction of the Otls %‘1

~Intelligence Test (Test 2) and the psychamotor tests. It ie the lower .. " =

of intelligence that is more charasteristic of washouts then of sucgessful %
pilots. With the lashburn and Two=Hand, it is necessary to set the failure . i
level nearer the méan to eliminate a significantly differemt proportion of -3,
washouts and sucoessan, Both the reliability and gignificance of the -
paychamotor test are inoreassd if the broak between aucoess and failurs
is moved up to thoe mean.

Test 4, the Two-Hand Coordination Teat, which demonsirated suoh low
reliability because of known limitations in its administrative mechanism,  “ci.
shows up very well in the relative valuss of the chis of halves, _ g
8inae the source of its lack of homogenelity is known and sinee the abilities e
teoted may sanily bde agsoclated with the manipulation of a ohip's controle,
it is retained in tho subsequent dlpcussion of the best selootive teats.
Thie is done, howsver, with full realization that no wse may be mads of
the test for sesleotion purposes until conaistencies in its application oo.n
be demonstrated.
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The thres psychologlcal tests are the only measures which exhibit chia
suffiolently large; and in the snme direction ir both halves, to die=

tingulish roliably the washouts from all pllots gt any suvcaese and failuré 3»4 .
(standard score} level. i
S

TABLE 8 s
‘ =

CHIS® FCR WASHOUTS AGAINST ALL PILOTS COMPUTED FOR g

TWO HALVES (A'& B) OF. DACH TGST'

Test v
1A S 56 W0 1,07
1 B 1.71 1.86 1,35 94 1.41 293 %Y

-2 A 1.8 1,1 2433 2.7¢ | 203) Wy
2 B 1:4‘0 078 1.14 .96 . 1.*2-”;5:’:5:
3 A 42 -39 .35 —obd
3 B n66 «24 036 _ _' u69' .ﬂ%%

* Ohi, not ohl-gquared, because of only one degree of fresdom. f%‘f
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75

2406

T 2.82 1.73

Tk
i15 - LY
2456 . 2439
Xed¥

53
Lo42

l.41

2.52
454

-
)

WY

© 66

'qu

. .5D
1-82:.

A.o‘

=920

.82 . .
et

1.19

2409
24
.2.79

=10
063'

N5 N

1.51

o35
14

1m53:

‘.1‘4

. 1.40

24

24

42

2.,40

-.n
foaz

1,14

- 2.29

-1036
1,01

3.02
“.90'

~a37
1492

=14
?014

- .‘1
oT7

«20

! ‘-28

«17
1.30

“110‘
1.64

14

=1.20 A

=70

4,

0
-0

-.3Q
50

""Rnu'n signs of wtandard scores st. out-off points.

42

'66 i 3 24
.66 ‘?2Fq
O TS ¥ |
0 . |
1,22 Y
3.96 . '3*?

1035 A 2,..

1.0 . P
i Cel

"1-37 =)
1.52 1.8
1,20 .

- 0 .
.36 Y
1.95 2.8
1.13 N
oo o
‘-62 lln
1.5 ’ . l
33
.‘9 . qﬁ“
1.39

'1:32 ? #1.06;
R I
"6 ogp;
.24 ]
o5 :-63:

=1.03 14

T =el0 _ '-3‘
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TABLE 8 (Gott *d)

Test . ’ ' L '
lice Halves =l.0ss =had_ns ka0 g8 } LTy 1} R :'.d...n

19a A .22 1,09, © 3430
196 A 2,00 - 1.54 1.45 96
) 19b B -30 0 ' -'"78 .
190 A 1,32 76 1,42 1,50
190 B 1.42 1.54 1.44 1,14
194 AN : 1.34 1.64 .84
1% B“ L4 077 14 .17
24 A i ! RS T
24 B 2.08 1442 1.30 2.17 1495
2 A . | e
5 8 o95 W76 116 .98
. 26 " A | ' "-52 ‘
. 26 B 44 2.32 1.38 1.8
27 A 2.82 3470 - 2.19 2451 1.57
27 B ‘ =428 =68 1.09
28 A 3ae 3,31 1.65 1.63 1.61
28 . -B 0 -3 01 -40L
29 A 1.51 1,12 496
29 B 48 10 .78
130 A 3.17 4,01 3412 2.73 1.59
30 B , -82 -la4 <L 0
V] A T2 94 1.19 1.37 70
31 B 064 "‘9 033 . mgb4’

**Reveras signs of standard soores at cut-off polnts.

The efficienoy of the out=off levels in terms of elimination of maximum _,j‘“fg;_‘
washouts and minimm non-washouto, is sgparont' in the comparison of per cemt
of washout and remaining oadets "failed” at esoch interval of the standard = -
deviation of Tests 2, 4, and 6, given in Table 9. .The same percemtags for .
Tests 1, 190, 19d, and 29 (those next in recommendation from previous amaly< . .-
sis) are also given 8o as to point out the greator selective efficiency of ;.
the thres chosen tegtse.

'




Ag a rough standsrd o efficienyr, assume for a moment that, in order
%0-be oconsidered,; a test lovel muet fall at least half of the potential
failures (washoute) while failing rc: more than 20 per cent of those vho
would bo retained by experisnse (rcr smshouts).

The ostegorical ohie poinfed t¢ =,7 etandard soors on Test 2.' =4 on

Test 4, and the pame on Test 6, es ‘ho lovest levels with thes greatost ro=

1iable diffsrensa belweor washouts : nd total, All throe tests approx:l.mta,

i the afﬂohnny gtandard ot these 1o ele with eliminatione ofs

E&%&uu ,

- Ftandard 50 or more 20 or less
: Test 2 ) 44 ' 23
Test 4 60 33
Test 6 57 - .27 .

No one of the three teste meete the conditions of afficloncy in proe
partions failed. Although they all. show a signifioant difference between
washouts end parsmt population in total distributions and in octegorioal
dlvieions at mors than one lsvel, they all fell too many successaful pilots -
‘et points whers they will fail a syfficiont number of those without flying
aptitude, .

It hag beon showm that ‘eaeh of the teste alone approximntea a good

- selection device; but 1% ie not known whether failure on all throe, or on
" any two and not the other, may not provide a mechanien whioh will distinguish
with adequete effiolency betwsen mon who will or will not be suceasaful
That 1is, up to this point the tests have been considored 1ndiv1dua11y.
It remains to bo shown in the following portions of the repert how the testa

pilota "

operaf.e in varicus oombinatidne et various score leveld,

TABLE ?

PER GaNT OF WASHOUTS AND QF RIZLAINING CADLTS WHO WOULD BE ILIMIRATLD
BY FAGH STMDABD SCOR ‘CUT=0FF ON SILECTZD TOSTS

© Tast 1 Teat 2 Test 4 Test 6 Test 19¢ Tegt 194*  Test 29
wag. R.E. w wtot R‘-uc_l W-OQ Rncnl .w'o. 'qui h’gO. Rlul waOo‘R{q]
% below 9 4 12 3 6 % 6 . 5 96'- - 3 2
below 14 9 27T 7 14 g 14 10 . 18 9 9 8 12 . 6
balow 20 15 271 17 29 13 26 17 27 16 13 8§ 21 12
Yelow 34 25 M 23 a1 2 0 a2 6 21 42 37 2T 19
below 46 31 - 59 34 60 33 ST 27 46 29 49 47 42 29
bslew 54 41 68 42 714 4 71 38 46 39 49 51 64 44
35 338\ 34 302 3% 336 H 3 33 328 33 _323 33 327
* Reverse uigna of ntemd.ard auoru at out-crf pso:l.nta.
Y
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A CQUPOSITE INDEX OF PASS AND FAIL . e -

If superior performance on one test agte as compensation rar the I.a.fvar- W -
ior ability demonstrated by another test, then fallure on both tests will be - w“’f’i
a better stendard of elimination than oither tost alone, If passing elther “&‘
of two tests ocompensates for failing the third; then paps=~fail<fall, fail= o
pass~fall, and follofall-pass must be investigated. Fallure on all thres
tests will be required for distinction between aptitude and inaptitude if
the ability measured by one tovst oompensates for the handiocaps reﬂoctud in
fallure on the other two. :

As part of thie problem of the propsr combingtion of passing tmd failing 7%
on each of the threeo tests is the question of the point on saoh test below e
whioh a score shall be oonsiderad as feilure. All poesible combinations of i
the three tests mugt be oconsidered st all possidble suocess and fedlure cut-
off points in order tu find what combination of pui-~off pointsp will
yleld the largest number of fallures among those rejected by axperienoe
agsoompenied by the umalloat number of other failuroao

Thie problem 1s one of testing the difference beiween the proportion
of washouts who paes or fail and the proportion of non-washouts who pees
or faoil at various definitions of failure whioh include all thrae tects,
These definitions may be at different lovals of the distributlon for each
of the testo when they are sombined.

Table 8, presonting the tvo-plade ckhis for euch test at various out-
off pointe, showe a comparison of the wechouts with the total group of
pllots. The ohis were obtained by the formula that compnres s sample with
its parent population, where the distribution of the sample (of the driterion - F.-

group) was oomparad with the distribution that might have been expestod from =
the distribdution of the population of whioh it was a part. By this means, L
the valus of each individual test for poluting out certain known gharacter. i

" 1gties of the samples may be demnstrate:!a , %“,g
The problem here is the ompariaon of two groups of individuals pure Lo

" ported to be differemt in kind. That is; the analysls concerns the ievlaticn "ﬁi%
of a #et of eriteria that will eliminate those cadete with known inaptitudss HE
vithoutluliminnting those who are not sc handicapped.

Therefore; the shi-squared formula for oomparing two independent groupe
(used in mespuring the difference bstweern the helves_of each teat) is
employed as it is applied to a two-place comparison.

1% somplete disocuseion of the theory and application of the flgultipla J;
GChi® teschnique ie presenmted in an earlier report in this soriea, Jee Framion, ;__3;;;
Raymond, Op. gli. Huch of the material precented in Report llo. 12 is re= ' = . %%

produced in thess pages to nid tha reader in following the discudssions,
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S e the four m.ma 41 the tvo oategories be indioated thust |
f’p ) . ' Falled Rot h.thd
e ; by legk | lrdest.
ﬁ;, . - Washout w | - a 8 . . (adv . R
R - Retwining Cadets - ° 4 (e&a) AR
"‘Eﬁ 5 T ) (a&o) (bii} (a+b +o 1-4) @
‘ T ! “:d<
”@1"* T ms sfcmuon the ond t‘omlu for two- :I.nﬂapondont groups beoomens i
SO LR N
_."E«" : h ' : _ S
/\/ igf” EME ?m'* tm‘T o
ha "E;up:le of qhi. to teat for assosiationy b'tmon mm“ in . awrbingonq' ~
‘ia.hlol "
. L ' P
| Failed . Not Pailed
mm _h.m.
Washoute - w0 :
| . Remairing Gadets A2 : 255 . 291 - !
4:7‘ " - ' Ir 'I, ! ] s ' 45 : C "m‘ T s ‘33}‘ |

oni e 33 (6523000 o
(34) (29’!) (286) (45)

- " | "Table 1n on the follewing pere gins page and tan utogorm m shis |
sl obbedned for mll possidle mhd.nntions of the threo selocted teste. o various -
s-*,i’*;_:lmh of fallure..

v A chi s given a negative value if the w!ir-onco it menstres is in the
.7 unexpected direction. & nepative chi then indicates that the. aheaﬂod ialm !
of muhmmu falled by, tos& 18 lése than the expocted valus,

R “n has alrendy boan shown that the. .seme Lovel of faflure om nll three -
357 tewta may mot' Be most effiolent. Chis were computed for wll ssvon sombina- y
... tioms when the fallure level was «.1 on two of the tests, that 1s, each of T
vl three gombinations of two, but was ~1.0 on the other, for all the seven
= - combinations with =.1 failurs level on each half of the tests, when it was
247 =.7 om th# others and also when St was ».4 on the other. There were then -
63 such-ohim, All of thoss must be songidered besause being the best cut-off '
W' uhem m test As wied alono dose’ not necéssarily mean it is best for that test
e in osmbination with others. Other cembimations and Matiou m posel=
2. . ble but these 63 should prévide suffialsnt m&m. : -

Coy, et

.o The. dﬁp pregented in ‘the' praooum tm& are in reality partial chis, ,
for by cm the fail sategorics of di.f‘foront cunbinaum wo may. sbiain ’ s
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CQRIPARISON GF PASS AND FAIL CATTGURIES Oﬁ'hnBHOUTB AND OF REMAIRING.
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TABLE 10

-t

AL

CADUTS IN'ALL CQUBINATIONS OF THRuZ SELRCTISD TRSTS AT VARIOUS
L3VELS OF FAILIRE

Failure lovel on Al) Thros Tosts
=1.0 & leag =7 & losa  -=.,4 & legp
Nat . Neot

F

Cembination of Togks [Failod Falled
(ﬂ) 2.46 .
Jashouts o 2 .32
Remaining cadeta 31 . 266
chi s -984
(b) 4.26
" \ashouts 6 28
Remaining eadets 19 278
Chi 2.35
(0) 652‘
Washouts 3 3
Remaining oadets 29 268
Chi <18
{4} 24.6
Viashout s 2 32
Remaining cadets 6 291
Chi 1.39
(o) 26.4
‘Jashout s 4 io
Remaining oadots 10 207
Chi 2031
(f) 4602 )
Washout s 2 32
Remaining oadets 11 286
Chi Y.
(g) 240
: Washouts @ 34
Romaining ocadets 4 293
Chi "uéﬂ

2.46 means failure is defined as helow fallure levol on the Ctis but
+ above failurs level on the Two-Hand Goordinatioa and on

the Mashbura Tesd,

24.6 meana failure i3 defined ac. telow fnilure level on the Otis and
Two-Hland tut above fullure leveli on the Mashburn Test.

3 . 262

‘0003

29 268
«90

30 267
-o24

13 284
1.15

15 282
2.85

3 31
13 284
1.15

2 32
1 230
1.20

8 26

20 - 27
© 333
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wa'l any of the folluﬁng oompooita determinat
557 oalls

-

o ie may obtatn a ohi fors.

A; l'g‘.ll.m'o on 2 without uomidcration of

Tanns ?ulurb on 4 witlézout consideration of
;.f & 2 ‘

B *U 3 failui'o on 6 without oonsidaration of
'&,.5;} e 2814

' F’ailuro on &t least ons of 2 or 4 without
" sonsideration of 6
Fallure on both 2 & 4 wifhout uonaidm-
tion of 6
. Failure on st least one of 2 or 6 w:lthout
' oonsideration of 4

tion of 4

?ailuro on at least one of 4 or 6 without
a0 songideration of 2

.’ Fallure on both 4 & 6 vithout oonsidera=
e tion of 2

Failure on at least one of 2 or 4 or: 6
Failuro on.all three of 24 4 36

2.46 (fmilure on 2 but pass on 4 4 6) &
4,26 (fadllure on 4 tut pass on 2 & 6) b
6,24 (fallure on 6 but paso on 2 B &) o
24,6 (failure on 2 & 4 but paes on 6; d
2644 (failure on 24 6 but pass on 4} o
46,2 (failure on 4 & 6 but pass on 2) f
246  (falluro on 2 & 4 & 6) g

“}i’aﬂure on both 2 & 6 without considera~

el »g;f M’s
o :_'ﬂ -,'.‘, {.:! "

e&‘gﬁg“

o At
eV SETIRR LT
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Aons of tsiluro at any out-off poi.nh .

By sombining the failures of:

asdye, & g
bedyfy &g
, ?,?'!'} B
.l;.bﬂ‘hlifs dg
-d & g
hﬂﬂhhft ‘.B
oae .
‘b.u;d.-.r. dg
&g

! l;b’ﬂ[d'ﬂpf, & s
B8

‘Thusy at =.1 out-éff the chl of fallure on ay Iithoul'. oonuidemtion

er b or oy is obtained from the following tablet
fallrss ©  Paselne - Zutal B

Rejocted st 1,4,5, & 7 g 1 "
aat.ma at 1,45, &.7 12 169 297

Famxra on b without comsideration of a oF o is ohtuinod from:

25 9 k'
135 ' 162 297

s

.12

”;mmuwzaa a7
Mu:mese 2.#:6:57

'3.10 |

- o

18 Tneuo two chin snd tho ones follewing ey be_cempared with the oimlative
0e ohis for =.,1 sut=off givon in #he tshlo “Ohis for tUashoubts apainst
m. Cadebs st u series of Out~offs," They are elightly differsut becauss.

’the fTormula used there was one comparing a

sample with ite parent pupuhtion.



Similo.rly, all the other chis for a frilure level of =5l cta.ndard devistion
aret

6 without consideration of 2 or 4 3,61 <€
At least one of 2 or 4 without aonsideration of 6 357 - L
Both 2 & 4 without aonsideration of .6 : 2.75 . -

A{ least ons of 2 or 6 without oonsideration of 4 - 2.3 SR
Both 2 & 6 without oonsideration of 4 : 4.32 Rt

At Yeaet one of 4 or 6 without oonsideratiom of 2 3.79 sing
Both 4 & 6 without oonaideration of 2 - S .48 Bt

At least one of 2 or 4 or 6 3.53 o

All three of 2 & 4 &4 6 (the ohi appearing on the table) 3.89 e
. liost of these ohls are high snough to refleot a very significant dife T
faranos between the two groups in'their proportion of pase and fafl. They g
are, of ogurse; much higher (with the exception of combination 246; whioh oy
i the same) than any of the partials under =.1 on the tabls because there E

is conponsation betwoen the elemonta. When paesing om one or more of the
testa is part of the aomposite standard of failure, lower ohis are obbained.

o
E

E

With the fallure level aset at the avernge; failure on mll thres tests
or on bhoth Otlz and Uashburn, while negleocting the Two=-Hand Coordination

Test makes the largest differsnce between proportion of washoubta and non= gz
wachouta vho are so falled. Tk
These combinations mey be teoted for lower out~off points in thd intere :‘f
eat of aoh.‘..n:l.ng more efflclent proportions of failure. e
& 6 without oonsideration of 4 4,39 i
2446 . 3.3 ;EC'E
. . ;‘l"t\.;‘:;
At =,7 gtandard devigtions Jub
2 & 6 without oconaideration of 4 3,10 Sk,
S RAa486 1,20 12

- ?.l
g
£
1 I"S'

a
8
i
ﬁgib
r
I
8
e

Thus 4t would not seom advisable t0 go further than half s standard
deviatlion below the mean,

The question remaine as to vhich of theeo composite failurs oriteria
has adoquate efficiency by our standard of eliminating 50 per oeuf of the
washouts with only 20 per aent of t{he non-wamshouts. Thase compositee are
presented in Table 11, : L
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£ TABLE 11
75?5—‘{::.. . ) ' '
i OQUPARISON OF THE EFFICIENOY CF VARTOUS PAILURE IEVELS
i ' .
5;','11:,' L ‘ of .
, Washouts % of Remaining
: Failure Jevels Shi JLalled  Cadoeta Fadled.
Below =.4 on 2 & 6 (without ocon-~ : \
"~ | sideration of 4) 4,39 a 2 -
Below ~,1 on 2 & 6 (without son~ .
= ‘sideration of 4) - 4032 53 20
Boelow =1 on 2 84 4 & 6 3.89 38 13
B Delow =, on either 4 or 6 (with~ .
TR out eomsideration of 2) 2.79 924 61
£ 5 Pelow =,1 on 6 (without consid= -
i sration of 2 & 4) » .61 7 38%
EV Below -,1 on sither 2 or 4 (with- I
A out aonsideration of 6) 3057 94 : 64
& Below ~.) ¢n 2 or 4 or 6 . 3053 100 72
e Below -,1 on 4 & 6 (without con-
& sideration of 2) . 348 , 50 23
A Bolow ~.4 on 2 44 846 3.33 24 1
g Below =.1 on 4 (without oonsid- , ,
3‘ eration of 2 or 6) 3.10 7 . 45
e Below ~,1 on 2 & 4 (without oon-
& siderction of 6} 2.75 47 25
N Below =.1 on either 2 or 6 :(with- .
out goneideration of 4) 273 85 . 62
55 Below =1 on 2 (without consid- -
& eration of 4 & 6) 2.72 - 68 43
R . ®The fallure percentnges for edch test alone af -.1 differ from thoae

An Tadle 12 beocaude in the analysie of the tests in combination only
those cndete who had taken all three tects would bs inscluded.

A sigma snord of =O.1 on both Tests 2 and 6 (Otla and Hashbura loctg) 4a
the ondy failure lsvel that 00 far has mot the efficiency raquirement of 50
per ocent dezired with 20 per cent undesirable failures. HNevertheloas, poliesy
may determine which of the componites to adopt. If the need 13 to fall sa
many as possible of the oases who would be wazhed out, even at the werifice
of a large psrcentage of the sucdesess or potentisl susossses, then bslow
avorag:-r?-b;'l.) on Test 6 slone would probably prove adequate, If ths problem
ie the more usual one of failing a maximum of the potentielly susceaaful
eagen togather with a minimm of the potentially sucaossful, thon below -.1
or =.4 on both the Otis mnd Maghburn, neglecting the Two<iiand, is the most'
eoseptsable standard. If, on the other uxireme, a minitwm escrifice of ocnass
is esgential, then scores below -.4 gtanlard deviation on all three testa
should be required for failure.
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The tub&e following givas the "partial chis" when differant levels of %ﬁ;wr
failure on the three tests are combined. So far, the analyses have consideref
the tests in all possible combinations when the failure level was the sane dn:
all three teste, It im poseible that faeiling at =1.0 etendard deviation on -
one tasts combined with falling at =».1 standard deviation on the other two
may be more effiojent. .

T
]
i

The two testa on each of the previoua tables having the failure level
at =.1 need not be oconoidered individually or when ocnblned. -
ation has already been made when all three tests hed the «,1 failure lewel: .=
lany of the remaining posaible combinations need no investigation besause -
the partial chis involved are very small or are nogative.

The most promieirg combinations arc listed in Table 12 with the meagures, .-
of their abtility to fail washouts and non-washoute in dirrerent proportion : '1'
and the measures of their economy in feilure. ’
TABLE 12.
OCE.PA;‘.IISON OF THD IFFICISIKY OF VARIOUS FAILURE IEVELS

% of ' oo
. Waghouts % of Remaining
Failurs Leyels ghd JFalled . Cadeis Folled :
Bslow ~.1 on 2 and bolow =.4 on 6 -
(without oonoideration of 4) 4.43 A4 14
Below =.1 6n 6 or below ~.4 on 4 _
(without coneideration of 2) 4,24 91 .53
Below =.4 on 2 and below -.1 on 6
{(without consideration of 4) 397 47 18
Bolow =.4 on 4 nnd below =~.1 on v
both 2 and 6 3.83 - 32 b
Bolow ~.4 on 6 and below =-.1
on both 2 and 4 3.73 32 . 10
Bolow «1.0 on 2 or below ~.l on 4 ’
~ {without oonslderation of 6) 3.53 82 ' 51
Below =,7 on 2 or below -,1 on 6 ] , S
(without consideration of 4) 3.49 82 51 .
Below =.7 on 2 and below =,1 on 6 :
. (without oonsideration of 4) ‘ 3.46 32 11
Balow ~.4 on 2 and below ~.l on
both 4 and 6 i 3,37 32 11
Below =.4 on 6 and below =.1 on 4
(without consideration of 2) 3,34 41 17
Below ~1.,0 on 4 and below =.1 on 2 - )
(without oconsideration of 6) 333 28 - 7
Below =.1 on 6 and below -.4 on 4 . '
{without oconaideration of 2) 3,21 4) 18

Below =.4 on 4 and below =.l on 2
(without consideration of 6) 3.14 4 B §:




%5 . OCoordination Test from the battery, it mey well b that the present results

" 4threa tostes

S ' -unreliability of the sumpling. * All deslesions about this test mist wait toi’ ‘
- bhe ‘swaluntion of results obtzim;l from uniform conditions of applioation,

Balw -.de Tﬂlb a'm bolow -slfon Tm [ (ﬂtho&‘ﬁ Wtﬁn or e
Teot 4) oomos the nearmst of any of these sombinations to westinmg:the 50« -
20. per cent fa!.ltmt requiremsnt. It is close to the. failurs: proporticns
yislded by failure level at the .mdan for tho same testa, Th:i.ﬂ httor ar--
rangement doem’ naﬁi the a‘ri‘ﬁﬂ“’iﬂﬂ-

‘No other shis and failuro ‘parosntapges -hw increaas !.n solootive offie
siency by dombining ﬂﬂ‘ferent, inotoad of the mo. cut=aff 10101: -on thc
Athough theds am‘bimti:pu ausgm the oltmtnatson of the: W
of thie test do not work well imn coubinations of tests becauss of the knowm

mﬂﬂ 5 4

mmmmmmapymum;mnwmaxsm -
~ ,-memmammpmazmn S o

This seation of the report . Preedmts. g treatment ef Part II d.wtl on th'

s mest proeteing tasts in the Part I analysis. Thess tests were sélésted for

_tiona b Wshouts and their thsoresiosl: {m} distefbution wend’ ln come

~" further, study becsusé they had demonstrated suffielent assosiation with the . |

oriterion of pllaet suodess in the fjrat part of the study to Justify far-
ther investigation. |

The sans typoe of mlm are made w&th tha resulte of thoe sscond pu'ls
of the study as were mm in the firet part., Becouse the gamples used
in the tvo parts diffored somevhat," a ocepparieon of the n&ma of both ;
anlyges :La carrisd out in all mes. i , :

The following tm&d ltntiatioal trutlnon'h af the dﬂta ara pmcmtod

~ in the following Pagens

-

- .

1% ungaquent upummnm sonducted dy $he Coumittes on. Belestien

_.;and'rram::sermuaﬁ Pilots, and more partioularly hou-wurl'erm,
' had borme out ‘the validity of the Two-Hand Coordimmtion edigtor of
-, wsooesy 4in flight tfaining. Ses MeFarlsnd; Ross A, and Ohumllo ph ¢,

Qo, git. Also lMelton, A. W. The selesticn of pilch by m of psyohm
tests._ Sa fxiation Hed., 1944' 15, 116-123.

mmrunu,aoau.mmmw M

2 3ganaard siores for all Part II sadets on each tert are om mo with
the Natiomal Repsarol Oounoil’ Committee on Selsotion and: Training of Adroraft i
Pilots. Also an file are the ‘distributions for sach sslseted test in slgm =
Antervals) distritutions of halves of eashAsst’in . eigeme wnitey distriby= 7

puting the X%; and Mwtributions of mm An balves ‘of owch sslscted temt. N
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. 1.

2.

3.

4,

Table 13 presents the signifioance of the difference in the diatribution s
of soores for all cadets and for the washout group {Part 1I cases). The P+ - .

values for this same analyeis conducted with the Part I omses are also ie
prosented in order to faoeilitate s comparison of the two eroups (Farts I Lt
and I1I) with reapoct to eaoch of the following tests. . T
Togt Mugber Npne of Teat %
1 Zye=tiand Coordimation Test & e

2. Otia Teut of llental Ability . T

3 Atoxiameter 3?

4 Two=land Coordination Test Col

5 Perception of Changs in Position J’E

6 P Hashburn Serial Action Test kL

7 Dotting Test =

8 llinnesota Paper Form Board g

10 Dinsatolic Blood Pregsurs == reelining R

11 ' dystolis Blood Pregsure -- reclining ‘%‘

14 Tidal Air/Body Surfate 3

16 Bapal liotaboliem Rate R

194 Time Intorval to Smmllest Pulse o

' Pregsure -~ Tilt Table s

a1 T Vitsel Gapao:lty §

Gompar:l.uon with the resulte of Parte I and II ylelds first the reanau:‘in.g *f’

faot that Tests 2, 4, and 6, (Otis, Two-liand; end Mashburn) have the lowest P=
velues in both samples. The only shifts from reliabdble to unrelinbls differen= -
tiation or vice verea are in the cupe of Test 19d (TL1% Tauble == time imteryal .
-

" of all cadets (using chi-squared), and the eelsction of thoas tests

W s U

I | N ) l..-‘ 1: {{'i
The eignifiocance of the difference between the distribution of the - Ji:
soores of washouts for inaptitude and the distribution of suores T %%

hawving a differsnce that is ptatistically significant, -

An evaluation of the roliability (ueing chiesquared technlques) of
the sample by comparison of halves of the pSplllation~bn’dach
of 5 selected tasts, . ,

Consideration of the effilclenocy and reliability of various failure .../ .
levols on these gelocted tests, i.0.y oonaideration of selscted tea'tﬂ; ,i )
in torms to determine the most efficlonmt out-off points (using ahi)u L

Investipgation of the varlous comdinations of the selected teste to
determine if possible g frallurs pattern with grester efficionoy than
that provided by any ons test alone (usine multiple ohi).

GGIPARIB(H OF WASHOUTS FOR INAPTITUDE AND ALL CADETS
ON FOURTECN TESTS OF PART II

¢ ERS
B

.

.
N

i

b



TABIE 13

COLIPARLION OF WASHOUTS. AND ALL GADETS ON EACH TEST
N of washouts z 47) .

Part. 1 Part II

Toot Part I ' Part II Pn.rg Il Degrees N of Farent
1l o ol7 . 04 13.53 6 146
2 .03 001 19.98 5 320
3 .9:0 b 68 . 3&% 3 414
4 | 04 . 000 3434 5 362
5 .81 W72 2.85 ] 05
6 20003 <03 10.51 4 395
7 «59 022 . 8422 6 414
10 97 «38 . 4,20 4 1

11 41 43 3.85 4 178
14- N 80 2,35 5 369

16 - 83 W26 6.57 5 362:

194 06 48 2.62 3 194
31 .39 ¢ .28 6..32 ‘ 5 3"2

to smallegt pulse presgurs) wh‘iﬂh had b&rdﬁrl:l.m validity in Part I and Testis
1 and 8 (Bye~Hand Coordinmation Test and the Paper Form Board Test) which have
borderling validity in Part I, _ ‘

Three tests, Otis (Tewt 2), Twovﬂanﬂ Coordination (Tuis 4), and
tha Mashbun-{Test &) are unquestionably able to distinguish between

thove who were paecsed and vhose wno were failed in thelr flight training..
It was deolded to inelude Tosts 1l and & aleso in the rest of the MPart II anal=
ysis, even though they svidonved no walus in the Part I mebtorialis. Assuranes

of value 1s confined to Tests 2, 4; and 6. It will be zhown that for these.
testn, statiotios obtiained fraom the firet group ocould have baen applied to -
the gecond with satisfactory predistive eoffloelency.

It should be noted that in most of the testo the probabilities in the.
Part 1II applioation are gpprediadbly lowsr than those in Part 1. Seversl
explanations are possible, Oremter okill mey have deon acquired in the

admintstration of the tests (1.0., less chance disorepanciss in measure=

ments)y or a raleing of the washout oriteria (1.e., falling more striotly
on the basis of inaptitude) betwaen the eerlior and later pllot olasses
whioch might acoount for the over=-ell difference. The present interest,
however, is in the relative disoriminetive efficiency of the teste and
that remains substantially the same in buth samples tosted.




 COMPARIGON OF PARTS 1 AND II WITH RECFICT TO TESTS 1y 2, 45 5, A 8

It vould, of aourse; have besn decirable to oombine the data frow tha
Part I and Part II gomples for the remsiador of the analycis singe the ,1ai'ge:r-
numbers would have inoremsed the relialility of the findiwgs. In order
make thic ocombination, however, it must be demonstreted tiat the date t‘rm 4k
firet and second cadet groupe aro truiy vepregentative sarples from & hozi~ . [
geneous universe. If suoh homopeneity .s present then th¢ means and tha
etandard deviatione of Parts I and II w.nt be alike and the chi=squarscdd™
of the froguenocles tnroughout the renge muat be low. Theis values arw pre-~ “&°
sentod in Tuble 14. - , -

lione of the tosts, vith the possi™ o exception of Te.r 8, shows aufficlaemdi,
homogeneity betwosn the Pert I and Pari .U data. 3Some of uhe teste enow ei4dli )
meane or similar gigmas or both, and ac.: chow similar di.sributions o ~tein’ .m.
- gtnndard soores (i.e., vhon esc:es ers ‘gw»ted for mean cud adgma) bub n0.¢ - L
of thom evidsnee homogenoity throughow . Siuce each set of standard caon: - 0¥
ie computed from itn own muan and sl an wibiirary gimilarity has bron Srlrowy
duced. loverthelesn, the Pevalwsu ery oy 10w.%3 If tr. standard suurs o
digtrivutions of Furte I and II wore % a1 ell tests lidgh Pevalus. . ¢ .o
mi-ht have bean coubined regord.ess ol [Iferernces betwer:. msane and "o
Tegts 4 pd B are iho only oneg whers ., : dlilerencus bo'!.cen the stuvact
score diesributions of Parts I rnud 17 . o euinldl eaough to He consider:y. a3

. being due ta nhanec

Sincs whe twe ramplos oimnes be oo iPSably sosblnes Tor all fdy -

the teote 1% aesmer wdviechlu t caryy  urewh the eaaly. .5 ¢n Part I.
rately aid sompare the rowiids itk the s o ialned from = Fart 1 doe.
: The juasticn -4111 vemalne =a t¢ v~ $hure ghould b so Idttle a7-
Ity batweon the reunlts of & se b W -JA2od o vo Al arent greupe

pilots wbe owte 311 dliterd Ludy Y7 a0 4ime oF fneir cncrunce "m'
gt tradad yoeons, o Thio can noly o o newerad oo terwm of the t.
administiriion .o el Arfiarue wa o m9 sdrle Sested  or bothe G
of ueley <o aAr-: w ry ALziyo oomgen o0 th 31 Twienoe cdussm o pFour o
: ’ %
the "er o r o .o tve vtab o v vplerabion. the  ganplee i . - ‘
e Jcngdlivat b Hoewvern ol orge o0 0 Ehoy @il fne. CoTey be g O i,
geoaralel - Shoso swedare e oLowee o e orten 68 s law Beval ":J.,}'
g3.0d pu b o3AEt o o ommM s B G bAL wd s ime dhr | Boste (2, o
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TABIE 24 .. o

mmwrm:mnmﬂmamremnmmrm
Test : . - Degrees 'N of Mot K
1 02 1838 8. . 146 . 3;2 D
2 +001 - 28,29 10 : 0 3 I
-4 ..‘5 . 1‘9.&9 11 361 o 371 ' ‘ .
8 «28 o 13.25 a1 - 299 - 339 L
! 00 .- T.0 A X 903 . - ..
2 52.2 - A5 Ba7 . 9.5 , L
6 - 640 546 - 1.0 TS A L
8 43.1 o 43.2 8.4 : B0
P ogxparimentu. &t the sane tm i‘t- awuv&tnu tho problm of fimu.nz ertandw' "
%% - ards or polnts of cub-off which will by ¢fficiemt ap ww
2 Fart I results walidats Lhe ealeotion volus of the thr&a este. They do . 4
%,  nok aoeure any preciao danger pomtaa , S
"%5\-‘.."& ) ‘ ! ‘ ‘ )
e, m" RILIABILITY O .iim swx..a B Lo
_ : Gompa.rilon of the dletbibutions of two halyes of each tost will..
» indiocate the hamogenoity wiithin the Port II data: For this purpose the s:ne -
. chi=squarsd technique iz imploysd oo ves asod ia the comgaricons of Parto I )
win - .and IT. If will be reculied thot the pirpose here ia not reliability of K
R maum&nf. but the humogonuity of ths d&mplc with respect to the tsot opea»
L ' Etiﬂn' [ o '
_ The Part 1I mensures appam' in Tetle 15 slong with comparable measurns
gelected from the aualyeiw of tha Port  datac The disparity betwean the
2 Fart I halves of Test 4 was sxposted bicpuse. of kiown lack of oslitratlen :.
ERTE tha testiag insirumant during the teai.*m of the first group. It will t»
= © - poted that thie apparent unreliability i ths datu of Test 4 dimmppeass 11
Part 711 and that all toets show Peyulie safficlontly large to allow she
aouapf anee of thedr dstn as howopgeneons aad; thsrafar.; aueuaptiblo ol e,m!}'*
- B:La mo Fiagle umivorsos pl dﬂtﬁo
O | .
| | 3
- ‘ \ i A
‘!u . S L . ) ;fﬁ&- $ % ' gli
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TABLE 15
DISTRIBUTION CHARACTZRISTIOS OF THE FIVE SELECTED TESTB

PART I . PART II PART II .

Compariacn Comparison of Halves Total Distribution - 0

of lalves ' Parameters 'ﬁ%‘

Test . Dogroes of 1%

Sugber £ P _x*  _Froedom M T N B

1 022 W2 5,82 3 70,0 9.3 6 R
2 .08 59  5.60 7 45.5 9.5
4 06 55  71.89 9 87.9 11.6
6 o713 2%  T.33 6 5.6 1.7
8 o719 o6 4.73 8 4342 8.0

JCLIABILITY AND EFFICIEZNCY OF VARIOUS FAILURE LiVSLS

Tost® 2, 4, and 6 have now been shown to distinpuish significamtly betwoen - [i
suogessful and unsuccessful cadats on two gaparate sets »f data and it has %
been found that though the two wumplee of the experiment ocannot be comblioed, - [.5;&:,
their separate dats are homopenocus within thomselves on all of these solocted *fi
tests. In addition, Tests 1 and 8 distingulshed between suscessful and up- - - ’—‘{a%}
suaceasful cadets in the Part Il analy:zis sufficlently will to warrant :!'urthur »&*‘“
treatment . :

s

There now ariece the problsm, spesifiec to pilot sel otion, of how thoss - % "
tests may be omployad to eliminute thoue cadets lacking rlylng mptitude fram 7%
those who were able bto attaln pilot econk. It wlll be re.alled that thia R
problem ie. not oconcarned ¥ilth the ldantificntion of degroes of skill throw-he f“
out the whole rauge of flying proficienoy but of losetin: a poimt in aptitsde . “EA
(as evidenaed by performsnos on cortal: testm) bolow whi.n cadete would ,.g%i
probably be unable L0 coumpiéle Tud Traiaing pyogram ana 2bove Which tney ‘ ‘Qﬁ
probably wlll give at least adequats pirfermance. It is. therefora, a provs =N
lem of looating a parformance lovel on 9rs or more teste thich willl prsdles i %g;*
probable rojaction {rom, or ratsntion in, the pillet trairing program. 31,?};;(

Tha previocuz s wlyees in thia sacilon have dealt wiin diffesrences be-= -ﬁa

tweon ths tobal aisaributicne o test .eorea for washoutr and all cadete, . X3

The anaiysis at this poind vrovides an estiante of the m lootive afficlency AE;;
of partisular catersrical dlviewcnc.: " he gure shatratic:l technique thet T
hag basn usod in te ting dilfeorsngcs bt eon distributions previdas an *;j
abutrect tweaurs of thie daifer mose bo'wour orlerorieal roaks. Beacause B
thereo are onily ivve wlaeses ©f. otah datialley lone degres f fyesdon) oht, ik
not shizsauarad, i: veed bul tF . rosul' s pase the same 3 serpratution es “a
thove pravicaslr oo dilsyad, v ma vy dven fallurs ewely to ba testes “’fg
py ahd mhai Le Lot e boosolioole Lo bhe a0 oreno tnoy demoagtfate “f?‘
The sl fur zach 1o bzt nilure oy o)l bue. vhesolass, been connated seps S
arutaly for Salvop o araol test Uadves o penat of Tallure reveals a abg- ‘
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4T 4 BERATS (8 FATUURE LOVILd
GO?JFITI‘ED*FOR m Im"ms ‘A B BY OF DACE SELECTID TROT

{rasy 17)
1 ) -LJ
Shis Lo 1we:RIAse S0 medaon when fellwer love) ip et & ineluding:
or Halves - ,3f - 2hal SE-T% & UYL, * . =D
A e 17 1.42 1,29 2,20
B - 529 227 140 voWh2 1,34
A 221 2.4 212 1.32 1.14
B “ - 3::,71 2-09 1051 1@37
A rom-—n 3‘*2:‘ 3.25 3058‘ 2-66
. B hadad 21.25 2-»32 ’ 1597 2@-55 )
B A i wam 1,01 - 3,30 2,14
;\.\f—;_ B ik - lﬂ37 038 1:18 .
CAC A 2 40 1.6" 2,49 1.75 2.32  _:
LT B 1.85 2.5 2.14 1.70 100 - o
R :
'%:i % Chi, not chlesquared, tesaus~ thare is only one degres of freedom
bt in the twu~-place compnrisonz.
e

Various out-off or failure polnts on sach of the solséted tests may be
avalugted from tre data in Tebls 16, The chis measwre the amount of differe
snce between the proportion of washoute and of al) plloto above and helow
out-offs placed tb overy three-temihs of a standard devlation, The chis

sre directd)y ecomparahble. pince Ltherc 1o only ona degros of freodon in every
somparison. Chi: have not been ocorpuied for any failure level whioh would ]
. put lass than three tanes iu any outegory of the comparison, ‘ : -

; wﬁ?%f

Tests 4 (Twc~Hand Coordination Test) and 8 (Paper Form Board) show vory
aignificent end :reolisble dictineticns batwsen sucosssful and unsuoceasful
pilots at any poimt below their menns. The same is true of Test 6 (Ihshhurn),
but less reliably. Teet 2 (Otis) makeo leas and lesa distinotion as it noars

. the mean and Tes* 1 (Eye=Hand Coordinntion Test) might be considered as
‘mk&ng a.dequato csifforant.iqtion only at =.1 sigma..

The nmo mmu of the Part I data locatad the poaaiblo qut=offs me
preconted an Table 17 (insignifiowrt ‘or unreliable.chic are not given).

'On Tests 2, 4, and 6 several points can be r'oliably locatod below whioh .
it is probable that there will fall a significontly larger proportion of
potential washouts than of potentimlly suceassful pilote.

It is neceseary next to um:l.dar which of the foilure pari.ntl on any test
will demonstrate maximum effiolency of slimination. There will be a high
. ohi, for example, if the m-third of the pu-qnt populntion that ia ceporated
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CHIS® FOR WASHOUTS AGAINGT ALL CADETS AT A SERIES OF FAILURR LEVELS
| msnmmommma(uan)ormcusmwmmr :
PART i)

) "-'f T ;: ; 4 X
Test .
Nugber Halvep
1 A
1 B
2 A .
2 ’ 1.40 16
3. A ~— 150
.4 B —— .50
6 A - - gm wy
. 6 B ~=- | | -
8 A . ~
B B L. T T ] ——

2433
1,14

42
2.40

1,14

2429

3.02
-90

1.66 2,27 -

* Ohi, not ohi-gquaresd, beoguae thore iz only one degres of freedom

in the two-place comparisons.

by a given out=-off includes two-thirds of the criterion gronp. But in the

2466 2,33 -
- 122 2010 iE
3.96 301 ¥
1.80 1,75
o4l 0‘91 . ‘wfﬂ
I
g
3
f‘%“
I

problem of pilot selection seorifioing one-third of potontial pilot material - v
in order to eliminnte two-thirds of the potentinl washoutas is very costly.

In the presemt situation, with the nsed for pilots great and training fauil? 2

itiep limited in terms of that need, it ip essantinl to find a qut~-off that
will eliminate a maximum of washouts and a minimum of these who in all

probability will attain pilot raak,.

Table 18 ghows the per cemt of washouts (W.0.) and of rema:lning ondete
{R.C.) who would be fniled by emch of the tests at each of 2?0 fellure lgvols
tested for sipgnificance by the ohis of the preceding table. '

Tegt 2 (Otis) at one sigma below the mean faile almoet half of the
washouts and only ons=gevemth of the ramaining ondets in this sample. If
 these fipures could be relied upon to hold throughont the total unlveree

i

-

25Up to this point ths washoute have been compared with ths totnl pilot
sample. That 1le, they have baea differentinted from a "normal" pllot pop-
ulation thet included the unauccessful as well as the sucosassful. From this
point on all compariscns are bsiweca the Washouts und those who presumbly

are still aoceptod pilota.
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TABIE 18

mmwwmmmwmmmmmﬂmmnmmmm
_ ‘BACH FAILURE LEVEL -

(PaRT II) k
_ Inilure Level s} apd Inaluddne:
kel slQoloms =lalmm adadae -
Test W40, Rpﬂn 0 R,Co W.0, RdGCo V0. ReCo V.. R0,
 Mumbor ; - % i 2 £ X : X B

A |
15 3 18- . 47 33 66 38 ’
© 43 14 AT 5 Sg' 3 & 5 4
33 14 53 24 é ¥» - B
"3 15 45 26 - 64 - 45 vy

0 12 8 17 47 22 5 ¥ 66 M

o O 1T

‘of prospective pllots velection might bs based on the Otis Test alone, In the
Part 1 datay howsver, the Otis did not show guch a high degrse of geleative .
effiolency. In Table 19the porcventages of elimination in both parts are :
. yrosented in termé of the moet officiont fa:l.lz:ra levels found in the Part II:
ER B&mpl.o . L ,

EP Mthouah Judging from perasmtsges of the second eet of dats it would .
" seem satisfactory to use Test 2 or Test 4 at -).0 OJigma, it is apperent, when

viewing both sets of data,that these percentages ars not dependabdle. It i
- avident from the recurrence of high chi values at the same failure levels )
for the same $eets in both sets of data, that any one of the tests oan be
relied upon to make the desired differeantiation. FHowever, the effioienoy -
~  of this seleotion cannot be trusted. Without further evidence, no sne of

. the tests alone has a dependadle economy in this dlfferonmtiation, This is
- dus partly to the size of the washouts nanp].o and partly to the demonetrated .

o a:lr:eronno in the eharaatir of the Part I and Part II samples, ’

. - rapLz 19 ,
THS WOST EFFICESNT SELECTIONS BASED ON PART II
Cpgp TR | Sal alime, ‘
| ggzz.iifg“"“"'hnza_x Pact 1L Bartl
‘.}!t. U R,C. WeOe RdCe Wele R,C» Wele R.Co
- “3 . 14 27 17 -y - . - .-.. !
I I & B
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Thore osn bs no doubt that extremely low intelligence and very poor

_ poychomotor coordination {as measured by these tests) are olosely associated "

with inability to learn to fly. The presence of either ons alone, however,

is not a suffiocient guaramtee of pilot fallure to be of practical.use. The

"effact of these handloaps in combination must still be investigated in h
combination,

rmtmz:‘ PATTERNS FROU TESTS 2, 4, 65 AND 8 IN COUBEINATION

Ir high intelligonce (high rela.tive to the group under oonsidorution) ) :-"7?‘%
oan compensate for poor psychomotor ability (also relative to the group) than_
failure on either measure slone will not be as clomely aspooclated with ine- ,,;W‘

abllity to fly ae failurs on both. i

5\!""

i “L 5
'I
(’#x.- L
ot

In order to inventipnte how the tests in combination opesrate to dletin. =
gulshvashoute from suscescful pilote, the same ohi technigue empl.yed throughe
out 1a applied in the form of partial and multiple ohis A partisl ohi 1s
a measure of how "fail” (at any given definition of failure) on any ome test ty
with "pacs" on the other tests ig associnted with the oriterion (boing a washw -7
out)s It may also be obtained for the cases who "fail" on two or three toote *;;‘
and "pagg® the other two or one tests, wx@

L

"‘;f L’_' '5'

;;"r:ﬂ

In the process of computing it is unneceesary to oarry thoao partial
measurea throuch to the final ohl, for tho delta used in the formula for
ohi; .

v
&
pra
3

er
i
3
Lazd

W

{aeb) (cu!) (ai-«u) (b4d)

i3 the determinant of the chi's value and ?ay be used direcotly in estimating
the worth of any "pasa~fail® oomﬂ:::l,xm'ri.r.~m.2 Those values (d3ltas) appesr
in Table.21.

From the deltas in Table 20 the contribution of any test may be analyred .-
:Lndspcndzogt .of the other tests toward predloting the oriterion of flying S
failure. A negative delta means that the differsntiation is in the un~ R
oxpootod direction, 1.0., therd are fewer washouts and more remaining cadets =¥
gelegted by the given "pass=fall" diochotomy than would be expected from the

-

Bk s L e
«ﬁ@”-g'asif‘ﬁ'é.i-m:

ER: - e
< '.,%,;Kﬁ;

R

total distridution of piloti. ,ﬁ{ﬁn
26 Franson, Raymonde Opy git. o ' '"-’f
27 a b | . «

A = ad = bs. A disoussion of this short-out proocedure
¢ d - 1s to be found in: Fransen, Raymond.
Op, git. Appendix A,

2879st 1 (Bye-Hand Coordination Test) has been cmitted from the analysie -
of the testa in combination. This analysis requirss, of course, that all onoes -
have acores on all tests. Very few of the cadets who had scoros on-the four *?
other tests nlso had scores on Test 1, Inclusion of the test would have _a

sericusly reduced the size of tho sample.
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TABIE 20

WmmﬂmmmmﬁﬂWﬂu - N
cmn:mmmorms'rsuvm nxmm -

: L Fuiluro lanl » Failure :I.ovol = Failure leve) = =ql
Pass & :n:. . -1 sigma on all -4 gignm on all - on Teste 4 & 8 and |
Tests ' h.ﬁbﬂ ‘ m.m Allod
-t 6.8 8aQs Balta- H.Ox: Raly mm U Pelta
-+ + + 2 15 -1 2 13 287 1 11 340
+ -+ 4 2° 11 163 2 15 =351 3 21 ~456
e I R & - 12 564 1 T <152 1 6 =105
B IR 2 12 =20 4 14 50 -3 19 =362
B IR B 1 g =246 .2 10 =116 2 9 =69 g
T Gy 2 =22 - & =138 - 3 =141
AR R 2 2 8 -2 3 1@ -33 . 2 .9 - -89
+ o = 6 11 - 545 5 6 603 3.6 60
Nl I 1 5 =58 3 § 159 -5 .1 3 i
+ 4 & - 1 4 1 1 5§ =58 T 1 1t g
“ . . 3 T 202 4 1 66 2 2 260
I , 1 9. B 3 $ 639 8 33 n1
e e - 4 10 238 2 5 119 2 10 =16
L 1 9 -p4b - 6 =-282 = 4 ~188
" e . 3 &» 1220 8 .2 993 0 A4 1253
Total N 47 177 47 117 AT 117

# 5 = .890res above failure lsvel on that test
= 2 soores st and below failure level on that test

. The lmwthodl of eompsnsation ie clearly demonstrated by tht first four -
large nogxtive deltas -whish messure the prediative efficienoy of failure on
sach of ths four teste plus passing the other three tusts. In other words,
© Af a condidete is low in ithe abllity mensured by any one of the Yesis, but )

- high in the abdilitics meacsured by the other three, he hes a better then average -
. .change .of bonoming a succesaful pilot. It is not demonstrated in the Part II
mteriale that intelligence and psyohomctor ocardipation are ecompletely S
oompenoatory, though. this posmed to be the ocase in Part I, Tegt 8, the linnssgta
.Fuqm' Form Board, somplicntes the interpretation of the deltas since it is a
"speoial aptitude” tost and cannot be olasgified with either the Otim or the  °
; - ather two that are paychomotor tests, lMeverthaless the combination (pnee on
L. - Test 2.with fuil on 4y 6y and 8) and the sombination (paso on Tost 2 and 8
with fail ext 4 and 6) doth provide sfficient quffmutiation of waghouts.
" If dmtalligence -or intelligoncs plus the epsolsl aptitude definitely oom- e
pensated for poor psychomotor- runct.!.mu. ths doltan of tgaaa nm@hﬂ.iona R
vmlaumyiworus&tin. : ‘ | S




That mome compensation exleis mmong all four teste ie unqnntim‘hlq,

not only bsoanse of the negative deltas for fallure on only ome of the tamt X
but because of the very high positive d.elta vhen the standard is Fallury on 5 =
all four. CE

The hiphest doltas are obtalned from the fallure patterna that 1ne1ud¢
Toats 4 and 6 or Tests & and 8. The significance of Test &4 in Part II ma-.
terials is further ovident in the sizeble negative dolta for the cnmbimtiqng. :
Howavor, there are only ten oaegea in this pattern.

The Part I data indicated compensation between Tests 2 and 6. Test Y
4 in those materials was known to be unrellable whioh may explain the aboence .V
of the Tests 4 and 6 compensation found here, If Tests 2 and 4 wore correla=. ;;-'?’*
ted the differont typea of compensation found in the two sets of materlala
would be readlly uz-derst-andabla

Interoorrolationa of 21) of Tasts 1 to 9 (Table 2) wers obtained for the
Part I materianls and were found to be very low throughout. Using a continge
teohnique the relation between Zests 2 and 4 is found to be very low in Paxt
oven thouvgh Test 4 materials have been purified and found reliable:

Zezt. 2
Test.t . Ease  Fall

Pagg 55 49
Fail 50 49
Jhi 2 .51

The <chis and ei‘liaienoy pargontorea of tha varlous aombinntions of any e
tve, throe, or four of thoas tosis -y 10w be sxemined. The prrtinl doh‘:e_e RS
snov tho predictis: ef’icienoy of fail_ re on any test or tests aven thowh -
the other teusts Cro pessede Froolura (oa partloular fost or tests is thar&b’y‘;
isclotod from faiiare an the o:iar te. 3. Ly contrasts the ohle of Wetln
i meazwe the voiue ¢f surbincidonz o) tests irvevpeglive of the other '{.est
{6 ¢ ue If 70 Tod or dene an tre £6cs MO ta tho. Comainnt ion).

£l 9 cimAac ends oave ders osnonr . te ncionte t*_w tre 4e8to In conre
binaddon -nvs oowovy oomsliany rowai ! omr Ia owstinguwishing washouts. )

JOnT AT, e o e 3o obiolmaa S the s io saecles lndicates shanrens L}. N

Bl valar bl ooan v Bl s v AAld 0 of ¢ o-landadl o binntions in both prrta.
Tabla 23 0Fesoat . corpnreble o fastic s on Durse 1T & I3 and Table 22 pr‘a:mri“ta
. . . .
ail nioh 3 Dwrlo oA o eI aban L .
AaT el WLy L ees o e ua e - cund vy vl o Lhese bests oren fthey bR
Tod o~ Gy fetnee Doy el vt 0 g i e ona of sucesncoul sad, o e
oo sss TLE o Doy T Cdtpeetad o0ty Lwet L reclisvestoeys  Qocwe siuon -}"‘f?-:;
oo rs oued omy. JF e show, o2 L tee sorcesonn 1 ehas and osoel gofie )
Borvao b e o onrar mTeEe - 8B nl . aaese teon @f eliminasoion,
) .
* Y
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fmidurs. leval 4 .l gl o5 ali tevka
343 855 90 3.4k 50 23
| i1z s ] 2.5 .4 2
o . 257 T S 7 3.8 0 3B 13
U N B B
Falliwe Yeval m 4 gdgsn om al) ephg

St Loy

be3s 35 - 13

‘. - 4,58 o 12 _

: : 4.07 26 & 1»35, 24 . 4

1,86 43 ‘ 16 1.99 23 16

2.4F 26 w43 AL 12
Fallare lrvel m mLa:_l.mm .QI_I,E:F" 4 and =<8 siom dn "‘tzﬂ.t..i_-? “‘i
3,50 47 % RN Q 18 :
3.57 40 6 33 41 17 _
W3 .50 26 . 7 3637 37 S * S
5 wh - ‘ - -

* Taken from Tadble 1) page . (.
#* Thic oombination 1g =<4 vl ra on Teste 2 and 6 and appsate in the uaatim
’ A00Ve,

., . Parta 1 gnd II have besm tre: hed seperataly first Dssauss af tha differ-
7 enos in their distributione on th: soledled tasts and soaond besause 1L peemed
- advisable t¢ test the relinpility «f the I'mrt I findingse The final fafilurs ™
_patterns of the Teste 2, 4; and 6 in sonmbinntlon show surprising consistonoy
<~ betwson the two samples stuileds [he samplo may therafore be Justiliably
. opmbined in these dlohotemcus arrssagements determiried by their rsspeative

.- standard doviations. The ocomblned resulte ars givon in Table 23.

3 It will 'tul noted that the ohis are all inoreassd in Tabls 23- Th:l.n in= )
|25 ! aronse 18 dus tb the larger number of pases involved in the comparisons. In & .
.7 the third fellure lovel, using différent cut-offs on the different toests, the
. - ' Tewt 6 lewel has been plavced at =.1 sipm instead of =.4 as in Part II bee

s oause Part 1 data showed thi.l t0 ¢ a more effectin braak.

In a:l.l at one of the peirl of peroontages the washout paeparﬁinn is
‘between two and three times as Inrgc as the properiion of non-washouts.
| Tho tent aombimtionn of Tosts 4 end 6, and 2 m 4 with fallure set approxi- ~

. -
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- TASLE 22, 3
CHIS FOR FAILURE ON COMBINATIONS OF TESTS
(PART II) ' .
o
Failure Bergemt falled .
m' m u—‘?-?- M& ‘giig
Ny
2, 4, 8 8 3.53 43 LI
458 3.48 53 27 ety
486 3,40 [11 29 o
244 51
2, 34
4, 36
27
40
4 &6 & .54 40 ’
2, 4, & 6 4,07 26
244 3.66 43
2, 448 342 30
428 1,35 40
2,4, 6 8 8 2.75 17
4, 6, 6 8 2.63 21
24&6 2,48 26
2, 4 6 & 8 4,42 21
2, 4, & B ' 3,61 38
284 _ 3.58 47
4326 . ' 3.57 . , 40
2; 4,2 6 3.52 : 26
‘9 69 & B 2035 26

LI 5:;.
mately at the meamy eliminates half the washouts and one~fourth of the remsirning’
cadets, If suoh m proportion of unnecessary rejections ls too sxtravagant, =~ Pl
Tests 2, 4, and 6, with fallurs ai «-.4 sigm, will eliminate one~fourth of Ee
the potential washouts and only six per cent of the potential pileots. Tests - g
2 and 6 in cambination operate beet when ~.l sigma 19 the out-off for 6 and
=4 gigma for 2. Then the rejectsd group inocludes two=-fifths of the washouts '3
and only ono=fifth of the desiraule onndidates. Dok

Two oombinations may be used as alternativea, If failure on Testz 4
and 6 gr failure on Tests 2 and 4 is used ao a standard, 67 per cent of the - ¥
washouts and 36 per cent of the remaining oadets are sliminated. o

Ay
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TABLE 23 S

|

ommrmmonoammmam*
(rm:mrmnambmd)

o ‘ S5

T - Daddure Jevel & =44 girma on all 3 tegtg

é;ﬁ: . ) ~

REL 446 ‘ _ 5.9 . . 38 12 K

a2 ab - R L 32 12

¥ 284 : 444 -3 % -
T2, 4,86 _ 4.61 32 o1
2a4 . 4,23 - 43 21
246 : : 4,12 | 40 19 .

That - uqmbnlmtiom of tests can opomio reliably and aigniﬁ.aant.ly to
d:l.rfarantiata poor pllot material and can opsrate better than they do separ-
stely seems SJAcontrovertibdle, Further experimemts with other tests such as
Teste 1 and § and the inolusion of relinble eardio-vasgoular and roapiratory
‘- méasures should reveal a combination which would rejest with greatsr prooi-
li.m 80 tlu.t. there md not bo the wwanted loss of good pilot nnterm.

TENCATIVE QONGLUSIONS FRAM THE AMALYSIS OF THE nm\ :
IN SECTIONS I AND II _

S The data in 3ections I and II of this study vare subjected to the seme
i - " types of statistiieal tréatvent, with an additiomal discussion in Seotion II
7 of a comparison of the results of the two indopendent analyses. Findings
N haw nuagoa'lsad the fullwlng: .

‘ The Otls and Huhbl.lﬂi Toats, and; proﬁsiomlly, the TwoeHand Coordine~
- tien Tests, have been solected as the pradictive bettery because of their

abil!.t)r to measure oharacteristics that coour ditfarently emong washouta than
uong a1} cadets. : :
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A level of gelestive efficloncy for the tests Set at below Whu’ﬁ.ﬁg
both the Otis and Mashburn, or on all three tests, will yield & large = -
difference betwesn proportions of washouts snd proportion of mowswsshouts 7

. falled by the tests. : . ‘ , ' ;

 The proportions so failed are offiglent and eoonomical, being about
half of the washoute and not more than one=-fifth of the non-washouts.

- _s}k:
. ks
One importamt ‘advantage gained from the application of the multiple ohd)
teohnique i@ the possibility of oonalusions with referense to the ‘stmpenanta N

relation mmong these tests. Kaowing that these tests are all related ot
probability of boing washed out, does not tell whether failure in general Y
intelligence is ocompensated by success in the peychomstor examinationss oT: =

vice versa, ihen the nnelyeis dasoribed in the previocus pages waj applied 7%
1% was found that such campengation did exist, 1.e., being low in paychomotpy
ability, but above average intelligence does not predict rejeations neardy ;.
as well as being low in both traiis. Likswise it can be sesn that baing 1o |
in intelligonce; but mbove average in psyohomotor ability, does not proedict™ .o
rejection as well as boing low in both. Such imberpratations of ounpensatiyl

' ' are possible for any number or any oconbinatlon of teste. e §
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