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Drs Daan R. Br’-mhﬁ'.vll !
DMreoctor, Airman Developmernt Dlvislon
Civil Aeronasutics Adminigiration
Vaghington 2%, D, C.

Dear Dr. Brimhalls '

. Attached 1a a report entitled On the Actusl and Poten-
$ial Value of Biographical Informaticn sa a Means of Predigting Success in
Asronsutical Treining and Fete of lsarming prepered by H. M. Johnson, in
oooperaticn with Mary L. Beots and Robert J. Wherry and with tho assisiace
of Ollve C, Kotaling, 1illian Galt Martin;and Frank P, Cassens, Jr. This
repart la submitied by the Committse on Sclestion and Training of Alreraft
Pilots with tho recommsndation that it be imcluded in the series of tech-
nical reporte igsued by the Alrman Developmont Division, Clvil Aeronsutlos
Admini gtration, : .

The report desoribes a study of blographiocal ltems in
pradicting performance during flight training conducted at the U. 5. Naval
Alr Station, Pensacola, Florida. The investigation was made possible
through the asooperatlion of the Buresu of Mediolne and Surgery, U. 5. Navy,

and of offlcers attached to the U. S, Haval air station at Pensacola, Florida. . -511

The report is one of a series growing out of the Fensa~
oola Projeot. It is of partloular significmnoe in revealing the effestive-
ness ¢of blographical items, as contrasted with the more oommonly uged psycho=
logioal testas, in the prediction of flight profieclenay. It 1s of interest
to note that this investigation, and othor studies of biographloal data ocon~
duoted under the auspices ¢f the Committes on Seleotion and Training of Alr-
oraft Pilots have had very prastical outcomes in the development of materials
actually used by the U. 5. Navy end in other programs for the selectlion of

pllots.
Cordially yours,

7, v

: ' Morris S. Viteles, Chalrman
EVits Commlttee on Selection and
: ' Training of Aircraft Pilote

¥ational Researsch Counecll
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EDITORIAL FCRETORD

One major outecoms of research on seleotion teohniques con=
dueted by the Committee on Selection and Training of Alreraft
Pilots has been the devolopment of a Biographical Inventory which
has been used oxtensively by the U. 5. Navy and in the pllot soreen~
ing program admlnistered by the Committee for the C.A.A. under the
titls "C.A.A. National Testing Servioce,™

The instrument finally used for thia prupose wms the immedimte
outgrowth of work done by E. L. Kelly,; of Purduc Univeralty. How-
over, thia effort was preceded by oconsiderablo rogearch involving
the amlyais of biographical informa&tion by H. M. Johnson and his

 staff at Tulane Univereity with the oocoperation of R. J. Wherry

ard his stdaff at the University of North Carolina. This study,
involving the uge of data taken from medical and training records
at the U, S. Naval Alr Station, Pensaocla, Florida, was made pos=
silble only through the eoopsration of the U. 5. Navy,

The report by He M. Johngon and his assoolaten, deallng with
the analysis of biogrphiecal information, 1o one of a series grow-
ing out of the l'ensatola Troject in which it was poesible to st-udy
not only blographical information but also the relationshir between
many other peychologlcal end physiologloal prsdictora and guocess in
learning to fly.
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1. Thie i o report of & study of the velus sf intorsorrelated
itoms of Ylographical information. compiled from medical and training
rocords of 480 students st the U. 3. Haval Alir Stmdion, Fensacols, ba-
longing to olasses 80-83, 8688, and 90, ae predictorz of sveniual
muccoss or failure in the oourse, and slsc ae predisctors of veloaity i

hmga

2. The study was limited %o ihoge classes begauso only among them
wag certain important information available. This comsietnd (1) of 135
itome in Bernreuter‘c personality teate, obtained at the instigation of
Lt. Oodr. Bex H:. Thite (MC) USRR and at bis oun expenws; and (2) of re~
swits of systemtic personal intervicws plammed by Cmdr, Vietor S. Arm-
strong (m§ BN end 4. Omdr. Jllbur 1. Kellua {MC) USH, together with
Dr. ihite, .

3. The information was eolloeted while these gtudenmts wers at the
station by officors of tho medioal department and the training department
without rogerd fo its usefulness in this conneotion, Im & word, therefors,
this 1o a plamned etntistical study of regorda vwhioh 7ers mot originally
intended for use according to this plan. Thig fast sssounts for somw
itema belng omitted on some studertm, so that on only 208 students out
of 480 oould ovory item bo obiminmed, The date are thereforo exhibited
in two sots of tableas namely, (1) Tablas 1l~i and l-B whiech includs only
somploted records; and {2) Tables 2~4 and 2-B, in vhich eaoh etulent for
whom ony itom of informntion was lacking Was orodited with the average
georo whiah belonged to that item. Tho teblos and grapha included in
thia surmary show kow important 1t is to pot complete rocards if maximom
asouracy of predistion is to bo ebiainmed.

4, A desoription of tho individual itoms and of the mode of coudin-
ing is inoluded in the main report. This summary inoludee ounly the re-
sults. Thoso itoms vhidh we hove considored ars all thome and ounly thoge
whieh oould hove been collested durine the first weok of tho etuleri's
rosidencs at tho station. If cortain pround aschool coursog, such s
prssticel navi-ation, had boon rojuired before the candidetes astered the
station, tho studenis® propgrese in those ccurses would havo beon a valumbls
addition to the ltems used, and would have inorsased the predistive wvalue
of tho vhole group of items materially.

5. From Tables 2-A and 2-B, oneo noetes that 1f tho ordtical soore
had beon set at 0,6, then of tho 480 applicants, 294, sonstituting 61.25
por oent ould havo been rotainaed, and 186 appliomnts, constituting 38,75
per cent, would have bsen rejocbed. Among the 294 epplicents who would
have been retalned would have boen included 240 pagsers, conetituting
81.63 per cent (ingtsad of 64,17 per cont) of thome retainsd, and 54
feilors, comastituting 18.37 per cent (inotead of 35.03 per cert) of thosme -
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TABIE l1-A

RFFECT OF AFPLYING VARIOUS CRITICAL TEST SOORES
- {Students having complets records enly)

PASSERS FATLERS PASSERS FAT1XRS
RETAINED REJEOTED RETAINED ' RETATNED REJEGTED REJECTED
Cr'it- Par Pax Per Per Per Per
K% ] cont oomd cant aent gsnt aent
- Lot ha- of Rup- of Nue- of Num~ of Num= of Rum~ of
; 88262 DAk Sctel boy Sotal ber passers ber fallsrs ber passers ber failers
1.2 0 0.00 208 100.00 0 0.00 0 0,00 127 100.00 81 100.00
b T § 2 0,96 206. 99.0&4 2 1.57 0 0.00 125 98,43 81 100.00
1.0 n - s5.29 197 9%.11 1w T7.87 1 0.2 117 92.13 80 98.17
0.9 25 11,54 184 . 23 15.1 1 0.12 104 81,89 80 981;
D0 0.8 56 26,92 152 73.08 47 37.00 * 1.1 8. 62.99 T2 88,
S 041 90 :;2.27 118 56.73 18 6l.42 12 4,81 49 38,58 69 85.19
- 0.6 1] 5 92 43,75 98 777 12 23.46 - 29 22,83 62 76.54
0.5 242 68.2Y 66 31.13 10 B6.61 2 39,51 1.1 13.39 49 60.49
0.4 :]I.E 83.65 234 o35 121  95.28 53 65.43 4,72 28 34,57
0.3 Bo.42 22 10.58 123 96.8% 63 71.78 4 3,15 18 22,22 .
0,2 197 9473 11 5.29 125 98.43 72 88.89 2 1.5T ° 8 1.1 f
0.3 2 99.04 & 0.96 127 100,00 19 971.53 0 0,00 2 247 ©
0,0 zog 99,52 1 ~ 0.48 127 100.00 B0 98,77 0 0,00 *1 1.23
-0,1 208 100,00 - © 0.00 327 200,00 8% 100.00 0 Q.00 0 0.00
TABIE 1-B
COMFOSITION OF GROUPS RETAINLD :
PY VARIOUS CRITICAL TEST 3CORES
(Students having complste rocords omly) :
FASSERS OR FAILERS PAHSENRS | FATLEZRS
Crit- Per aent .
ionl Total of total Por cent Por vont
toot nwnber mmber Nubor nusber Ruber auwsber
f2ers  rotained retaimed  relained rotmined  petmined  retained
1.2 0 - 000 0 = 0 -
1.1 2. 0.96 2 100.00 Q 0.0
1.0 11 5.29 10 90.91 1 9.09 ;
0. z 24 11.54 23 95 .83 1 4,17 A
0, 56 26.92 4 B3¢23 9 16,07
0.! 20 A3.27 T 86, Z 12 13.33
0. 127 56.25 98 83.7 19 18,24 ,
o.z 142 68.27 110 Z? A6 32 22.54 :
0. 174 . B3.65 121 . 6264 53 30.46
0. 186 89,42 123 | 6 3&.8?
C. 19 04,71 125 &3 45 - 72 35,5¢
n.3 20 9% 0f T LY 65 73 1535
207 G0 & ol 0L 3y -E J
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TiBIE 2-4

EFFECT OF APPLYING VARIOUS CRITICAL THST SC0RES
{212 studonts)

( PASSERS FALLERS PASSERS FATILERS
RETATHED REJESTED BRETAIRED RETAINED REJECTED REJECTRED
Par Per Ter Por Far Por
oont 2 e cant SomL gant asnt

P of Hum~ of He- of B of o of Num= of

ber total Dber 4otal Dhor passers bor fallers ber passers bsr fallers

0 0,00 400 100,00 O 0,00 © 0,00 308 100.00 172 100,00
A 0,83 416 99,17 4 130 © 0,00 304 98,70 172 100,00
13 2;11 467 97.29 12 38.96 1 0.58 296 96,10 171 99.42
38 g 442 92, 36 11,69 2 .16 272 88,31 10 98.8%4
1 392 81,67 78 25.32 10 5.81 230 T74.68 162 9419
219 45, 261 .54.38 188 461,04 gx 18,02 ng 38.96 141 81.98
A

89 31

12

143 &

2

0

0

D

294 61,25 1B6  38.75 240 77.92 31.40 22,08 118 68,60
366 76,25 114 23,75 2?? 82.94 51,74 10,06 B3 48,26
421 8?9?1 59 12029 96;18 2@ ? 3990 4? 2?933
445 92,71 3% 7.2% 392 98,05 14 1.9 16,86
465 96,86 15 3,13 306 59,35 159 9244 0.65 13  T.56

477  99.30 3 0.63 308 100,00 169 98.26 0,00 1 058

479 99.79 1 0.21 300 100,00 171 99.42 0.00 1 0,58

480 100.00 e} 0.00 308 100,00 272 100.00 0,00 0 0,00

T:BIE 2-B
COMPOSITION OF QROUFS RETAINED
BY VARTOUS CRITICAL TEST SCORES
(A1) studexits)
PASSERS OR FATLERS PASSERS FATIZRS

Grit- Pap cord
iecal Total- of total Por coxt Por gent
dagt nunber noshsr Fuaibar Bwber Burbay ‘nuher
geere  rotained  reisined  golained  refelned  rpetained  reiained
1.2 0 0.00 0 - 0 -
1»1 ) ‘ 0&83 4 m“m Q -
1.0 13 2.71 12 92.31 1 7.69
0.9 8 7.92 36 94. 74 ) 2 5,26
0.8 8 18‘.23 78 88,64 10 11.36
0.7 : 219 45,62 188 85.84 3l 145.16
0.6 294 61.23 240 81.6 £4 . 18,37
0.5 366 76,25 277 5.6 89 24.32
0.4 421 87.11 296 70,31 . 29.49
0.3 445 92.71 iR 67-87 143 32,13
0.2 465 96.88 306 &5.81 159 34.19
0,1 477 99,38 308 64.57 169 35 43
0.0 479 99.79 aoB 64,30 171 g
0,1 480 100,00 308 64.17 172 35§
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reteined. Thug the proportion of failsra inm the group rutained would
kava bLoen mbout half tho propertion in the original sexpls. Thsther or
sot 1t would bave besn expedlent ¥ ecet the oriilcal zeoro at 0.6, and
+hus achleve this rosuld, would depend on the number of sandidates
available, If tha 186 sandldatos rojocted by tho tost could be replaced
from the origlonl reservolr, 1t would usquostionadbly pay to sat the orlt-
lga) soore at leaszt as hipgh as 0.6, In fact, if as many as 261 additlional
sardidates vere available, i} would pay 40 set the critlcal score agz kigh
ag 0.7, for ea iz ochowm im Teble 2B, the group of studente satisfyirg
this critienl score 'would be mnde up o §5.84 por cont pansors {inotead)
of 64,17 per cont) and 24,16 per ccnt failere (imotsad of 35.83 per cent),
In goneral the usefwlncas of o agoleotive procedwre dopendn on the number
of won avallable to shecac from: the larger the rogervoir, the more peien-
4ial pasgers cno gan profitably saerifice in order 4o reduce the numbar
of fallers. In theso two %ables, a5 well as in Graphs 2-A ond 2-B, the
genaral roault of choosing ono eirdiienl teat sacre rather than another

i avident.

6, Tabloe 1-A and 1-B and the correapending Oraghs l-A and 1-B
deal with cnly 208 studants for whom all tho biographicnl inforpation wes
cvailable, It is evidont - from inapoction that tho prodietive value of

. tho oomploto battory of tosts is muoh grestsr than if a ocores on cne or

roro owltted ltems is replacod by the aversgo gcore atieined by the group.
Fpom thege tables ond praphs it ic evidont that i tho critiocal score wore
set at 0,6, 43.75 por ocut of the applisants would have boon rejectedy but
of thowse who vere retalmsd, 83.76 {instead of 61,06 per eont) would have
bosn passers and 16,24 por oont (inetend of 3B.94 por cont) would have
boon fallsrs. Again, ihe Lest scare to chooss os oritiocal depends om tho
retio of the mumber of candidmten vhe ars aveilable to tho number of can-
didatee who are noodsd.

7. In this sample, 308 gtudenio, constitutinz 64,17 per ocent of ihe
480 ontrants, complaeted the courae. The selectlve power of the itests

. varliee sccording to the proportion of pussors. In tho main body of the
roport iso presonted and proved a gonsralized formuls {or predictinz the

seloctive porer of a test when the population on vhigh it is to be usmed
is not homogeneous with the gamplo on which it has been standardized. -

8. Tho samo Ateno of inforuation, boing osreperly weighted for
another purpose, Wore drawn upon for pradieting tho timo investmemt ro-
quired by the verious pagsores for comploting the course at Penpacola,
The valuo of tho tests in aolooting out tho slow learners was found to be
congidorably less than for golectins potential fnilers.

9. In porticular, the analysls disclosed that there is only & very
8light tondenoy for gtudents who roquire extra tlms in the sarlier stpzes
%o require mero extra tima than the avorage studonta 1n later etages.

This finding sesos to sonfirm tho wisdem of tho present poliagy of granting
oxtra timo to indlviduel studomts in the stases whioh they find moat diffi~

tulk.
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1G:  althous! vory Yo suziesto were fallsd uveoousa of their reoords
in ground esohsoly wavertholess, ths number of pround eohdol courasa which-
the student had to repeat in order to salisfy this requirement, proved.to
have preat predlcetive velue, lNowaver, it could not ba usad in this ine-
etances because the rround sshool sourse was not given until the studentis
entered the statlon, and in muny instences it was not completed until
the student hed paseed the ghage of training before whioh nearly all ths
failers in the {lving courses are eliminatod., However, if these courses
ars hereafter to bo riven at the air basea, thie relationship can be utile
liged to advamiege. 1In fact, it secms safe to oxpsct that if the courses
in radlo and praciical navigatlion are given at the basesy, and the hours
of flying insiruction at the bases are increased to 33, and if -such selec-
tion devices ero smploysd sz havo hean testad in this study and othera of
thé gsame kind, then the propertion of wushouta at the naval otations nesd
ot exoeed five per canb,

1l. Raccrmondation: In varlous informl progress reports the undsr-
algned roarked that tho items of biographical information which we gtudied
vore not aelectoed according to a rigid plan based on extenaive experience.

. Nather, tlrey woro mado up of such questions as ocourred to some intellipgert

madical officors vho Ind had somo experionae in asropautics. I rocoamended
that an ealarzod questionnalre be dram up vhich phould include those liome
in thio study which proved to mave diapnostio significanse along with sush
other itoms as the mombors of ¢he Subcommittes and their colleagucs might

Judge to bo suitable for inclugion. It was aleo pointed out that the signi-

ficant items taken from the Sermroutor test had been removod from their
fomsor tntrix and that ponoe of thelr gimificance misht bo lost. It wam
augzegtod that at loast some of the precoding quostionms be included with
thonm in ondor to lcsaenr thly offoot: Thoso sugiostiona havs already been
ocarriod oul partly in tho Kelly blank and partly in thoe enlarzed blograph-
leal inveutory that has boon used by the U. S. Navy and by the C.i.A,-Na-
tional Tcating Sorvido as adginistcrod by the Cormiites on Sclsotion and
Trainin: of .ircraft Pilots.

12. The detailed doseription of the biopraphical itemms, the manner in
“hich Lhey werc oclosted, and tho node of combining them, is aet forth
along with an higtorical backsround in the main body of the report.

-

Irditor's Nite Representing modifleations of the Biographiceel.
Inventory originally prcpared in regaareh by . L. Kelly at Purdus
University.-
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PARF IXs DETATILED DESCRIFTTONR

Genogis of the study

Certain medical offioers at the U. 5. Nawel Alr Station at Pensa~
¢ola lnterviowed 990 situdente in clugsee 25~44, ond from their pergonal
lmpregeions, somevhat libernlly categorized, they predicted whether the
student would completo tho traimlng courge or be dropped, For our pres-
ent purpogos, we ahall consider the completers as pagserg and the non-
eorploterg as fallers, vhother the failure to complate was dus to fly-
ing ineptitudo or not. This mode of clasoiflcation 19 at leazt unambig-
uowe, It has boon adversoly oriticized on the ground that a gmall pro-
portion of the studonts drop out for non-flylng reasoms,. aAmeng them are
uncoatrollabls alralokness, offects of acute illness, physioal defeots
. undigcloged at the physieal sznmination, acelidontel injuries, wmauthor-
1z0d marriapge, insubordination, indications of moral, memtal, or seeial
wifitnesgs for the dutlop of nn officer, ete. Hone of those non=-flylng
- roasons is ofton montiomed, altliourh one may suppese that if any is
prosont, a cheok pilot micht thersfore judpme the ptudent's flying work
moro scvarely than if it wes sboent. Rovover, sineco the purpose of the
solective oxardnationg 1s to 2dnit a maximm nugbor of candidates who
will pags and a olnimum numbor who will fail, if a corposite gelection
devise falls to soclect aceingt candldates with any prodiasposing weaknoss,
i% ic in oo far unsatisfootory, Im tho llst vhich we have just mentioned,

acute illneso, cspoeislly if infectious and not due to porsonal carslosse

nona, is tho only rompon “hich we should rozard as bolng non-gontrocllable
and thereforo non-proddetable. I has beon urgsd, far example, that if
¢adeot marrlos contrary to his agrecnent with tho gowermment, the fact has
no rolovancy to his qualifications g an avlator. It may in faot not be
relovant to his abillty to handle a aiip. On the other hand he is being
trainod for a wider rarge of dutlos than morely handiing the controls of
a2 plano. If he makes an agreenont and then intontionally violafes 1%, the
fact 19 certainly rolovamt to his fitness to axorcise commnd. llense, Lif
a goloction procoduro wore porfeat, it should be sensitive to suoh perw
scnal weaknosocs ng thie, hoever amiable they may be if manifestsed in
porsona vho have not oblimated themselves, '

Without desoribinz the interview in detail, re may mation that 1%
was partly forrml und partly informel, that the c¢holes of quastions to
bo anlod wms left largoly to iio oxaminor, and lmt the uver-sll rating
of tho condidoio oo.me not to have been proscribed by a set of unequiy=
ocal and rigid rules. Morsover, there is evidence in tho reoords that
“in at lonet ocomo of thomo olasses, the awb jocts wero not interviowved
until thoy had reachod a stage of trailning before which wost of tho com-
Plaints and foilures oceur; and that, therefore, it would bé hard to dia-
goclate the inprossions of the medieal examinor obteined in the interview
from his kanowledre of those other facts, How important t.1s feature of
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tho eltuation may have beon cenzet be dstermined from the assemblags of
deta vhich ws shall ecnsider.

Sunmary of initial maul'tn
These 20 clagess included 990 atudants who were rated by the medical

éxandners and who have new failed or pagead the gourse., The ﬂnt}ing.s can
be expresssd in a 2 x 2 %able, ns follovmy -

TABIE 3 -

A = predleted A° = predicted .
1o _pass Yo fail Togal
Be - f s 274 £ o 282 556
passed fo = (217) . fo = (339) (556)
o ﬂz = 57 A = =57 0
8% = 3249 2 e 3249 -
32. . 4 1“-97 3"_'0 a2 9058 -
B! o £ = 113 t s 32 434
failed £, = (170) £, = (264) {434)
- by = 5T 6, = 57 "0
ﬁz e 3249 4 = 3249 -
2%y = 19.11- 2%, = 12.31 -
Total £ = 307 $ = 603 - 990
: o - = (387) £o = (6M)- (990)
& = 0 & = 0 0

2 = 5.9, # = 3(10) 4, 'r= 114. /N - 0,115

In eaoh sostion of tho table the first line ghows £ = the numbar of
1nd1vidunla who were counted es belonging in the double clapsification
indicated by the vertleal and horigortal headings. Thus tha entry in the
top Iine of tho left hand columm shows (AB) = 274, which 1e the counted
nurbor of 1nd1v1dualu who were prodlcied to prss and who algo passed,

In the aeoond line of ench seatlon of’ the table is the entry r, =
the number of individuals who would have beon included in the double claga=
ification-1f the prediotion had been independent of the outcomw, In the
present instepce (B) » 556, the number of individuals who passed the sourge,
while 990 is the number of individuala whe either paesed or failed. If the
basias of pradiotion had besen indepandent of tha outooms, “then out of any
sauple that was predioted to pass, the number whe pessed should have been
proportional to 556/990 « 56,16 per cent. Under this condition, from eany
group of students who were pradicted to pass, 56.16 per eent should most
probably pass and 43,84 per cent ehould most probably fail; likewlse, from
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any group of studewts who wers predieted to feil, 56.16 per oont should
pass and 43.84 por sent ghould faill, Thome numbers predicted by the inde-
pondenay hypoihsais are gebt dowm in parenthoges in thoe seoond line of each
bleek of the table, and mre labeled "f,.*

In the third line of each block is shewn the differencs 4 = £ - fg
batwaen the number of individonls scounted im each of the doubly defined
olagsos end the number vhich the independenoy ctheals prediets. The
dofinition of 4 = (AB) ~ (A)(B)/N, in which {4B) is the number who were
predioted to pass and algc passed, (A} = the number predisted to pass, (B} =
the nusber who passed, and K = the total numbor of students in the sample.
If the sign of / 1s positive, it means that ths number of succesaful pre-
dictions exceedod the numbor of unsuocescful predictions. In faoct, 24 =
(aB) = (A)(B)/M - (A'B') = (A°) (B*)}/W = 57« 57 = 114 is the exceds of
correct predictions cver the nuiber of sorrsot predistions whioh {(rould
ocour by mere chunes. Wo defins I = 2/ as the absolute gain in the number
of corroct predictions vhich we get by using the test instoad of gueswming,
and I'/N as tho rolativo pain. Thus, simce A = 57, 0 = 114, while I/N =
114/990 « 0,1152 = 11,52 per cent., In other words, ll4 more students, con-
stituting 11.52 per eemt of tho total numbor, vere aorrectly classified by
the teost who would have beea incorrcetly clamsifisd by mere chance.

If the eipn of A had beon ne@tiva', sc wonld have been the sign of
I end of I/N. / This would havo meant that the tost ran ocoumter to outooms,
and that one %ad botter bet agninst the predlotion than with it, However,
ones the ru¥o is ostabliehed, 1o could use a negativoly predicting teat for
poaitive prediction, jJust as we oould use a backward runmning clock as well
as a forward running elock for telling the sorrset time. All that we need
to do is reverse theo order of the scale numbers from an arbltrary szerc point.

The fourth 1ine in each sestlon of the table demotes 42. Since in
.any 2 x.2 table overy value of A 1 tho same, so is overy value ofn?,

The £ifth line in each section of tho table denotes x2° n&z/to, 1.e.5 ,
the square of the discrepancy divided by the theorgtlgal frequency, For
eny single cell, this entry may be coneldered wuo / in a table of the
normal probability integral, from which one derives the probability of seo
large a discrepancy cacurring by chance. For emmplez in the (AB) class,
we have f = 274, fo = 217, i = 5T, A% = 3289, a2, = £5/0 = 14,97, %o =
3.87. From tro probability integral table we derive that the probability
P of gotting ue larga a positive deviation from zero as x4 = 3.87, is of
tho order of 5(10)°2. This alons is onouzh io show that the outcome 1a
not indepencant of gredietion. If we pum the valuse of ng == and thi
wo oan do vYooauge x€ le additive -= for the individual ocells, we get z° =
55,97. FEichor by caleulation or by tho uso of such tables os Table IV in
Poarson's Tablea for Statisticians end Biometricians, Part I, *hird cditlon,
we derive that the probability P of the d.scropancios belng jolntly due to
ohanoce ig of the order of 3(10)714, Thus tho independency hypothesis.dic
oontradioted; thers is some ocausal relationehip between prediction and out-.
oome although it remins to detormine what it 1s.
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If the examiner who makes the predioction knows somotkhing about the
student ‘s progress, &s well as the frats brought ovl ia the interview, it
ia very hard to prevent hias prediciion from bolng sweyed by this additional
knowledge, This bias may coocur without the lesgt mal-iatontiocn on the.
part of the examiner, espeeially 1f he is oclinieally minded, and therefors
ineclined to base his judgment on all hls knowledge of the individual con-
sidored "as a whole.® But it is just thiz inolination which mnkes 1%
hard to classify olinieal jJudgments rigldly, as one muat do if one can
troat them Jjustly by statistlionl procedures, Thers are rsssons, not ap-
parent in Table 3 or in amy of tho similar tebleos from vhioh it was oconm-
pilsd, for wondoring if somw of these pradictlons wore not influonced by
knowledge of other foofs than thope vhich the interview would normally
bring omt,

4n overeall ocontrol experiment

Cortain other medlcel officers et ths statlon therofere made a new
expsrimont, which requirad the inteorviower to make all his prediotions in
ignorance of any traimdng recard that tlic studentis may hsve made. This
work wag dome by Lisut. Cmdr. Rex H, White (MC) USNR under very stringent
presautiona. Dr. Thito nade over-all ratinges om 182 studerta in classes
73-78. Of these students, 139 comploted tho acurse ond 43 were dropped. -
Dr. Vhite divided those students into flve classes, according to the over~ :
all favorability of prodistion, We chall deslonato thom arbitrarily, showing
firzt his symbole and then our om: AA, V3 A , W A; X3 A~y X3 BA, 2. The
¢lags denotod BA, Z was a olags which he Judgsd to be “bolow average,” im
roaspect o some idsal nomm.

The renults in eo fur as thay concern pasaing versus failing may b2
swmarised in Table 4:

N

TABLE &
FXAMINER'S OVER~ALL RATTHGS IN REZLATION T0 PROBABILITY OF PA5sTHG \
. | Qvor-all ratings
vV ¥ ) SR z Total
Peasers 4 2% 20 © 30 29 . 39 139
1y 17 30 . 26 9 139
) 4 3 0 3 10 0
'} 1% 9 0 9 100 -
:zg .94 053 0 4?35 2-08 -
Failers £ 1 2 10 5 25 43
fo 5 5 0 8 15 43
f -4 =] 0 «3 10 0
42 36 9 0 9 100 =-
x%,  3.20 1.80 0 1.3 . 6.67 -
Total 4 K] 22 40 34 64 182
£o 22 22 40 34 64 182
b 0 0 o 6 - ¢ 0
2 = 16,67, P » 2(10)73



- It is gquito cbvious that thoro is sn mssceletion betwesn these
rotings amd the probablilidy of completing the course, in the asanse that
those who redeived wors favorsble ratinge than 2 contalned the larger
vroportion of oompleters. On the other hand, as wmay bs poen from the
third line or the selghth llue of the table, the tset digplaced only 20
applisants from the olassification which they would have had by chanes,
3t is intoresting timt the distribubion of passers and fallers in olags
X ip exaotly what chanoe would have ylelded, It ie possible, however, to
sumiarize thess results more usefully in ofhier forms: namely, Tables ¥
and 6. Table 5 shows what would happen 1f the Firey had ascepted olasses
¥, % X, Y, und rojoected olass Z.

TABLE §
¥, 0,%,7 Z Total
Papser® £  « 100 39 . 139
fo - ?ﬂ 49 139 ’
& - 10 =10 Y '
= 100 - 150 -
. x25 = 1.00 2,04 -
Fatlers £ = 1B 2y 43
« 28 15 43
=z =il 10 0 l
= 100 100 -
‘2 .57 6»67 -
To - 118 64 182
= 118 64 a8z
= 0 4] (¢

L

13.28, P = (107%, P = 20, I/N & 0.110

Since the probability P of the association botwesn prediotion and out-
some being dus to chance is of the order of (10)™%, i.e., of 1/10,000, we
have %o regard the corvespoadsents as genuine. 5ince the examinper's ratings
wvore mde without independent knovledge of the studante' progress, other
sauses of the assoclation nsed to bs gougnt for carsfully. The meaning of
P« 20, I/N «# 0.11 1 that the sample of 182 students contained 20 individ-
uals, 11 por cent of the total number, whe would himve besn improperly clagai-
fied by chanos but ¥ere properly reclagsified as passers or failers by Dr.
Whito's ovor-all mtings. In other words, if the Navy had presoribsd these
ratings ss additional qualificationa for candidatea who had passed its other.
solsstion testa, it would have excluded 64 gandidatss, of whom 25 were fallers.
These 25 individuals gonztltute 58 psr cent of tho 43 failers. To get rid of
them, the Navy would have logt the sorvices of 39 passers mlsg. These 3%
individuals meke up 28 per sont of the 139 passers. Had the Navy employed
theose standards of selection, 1t woulc have roteined 118 applicants, of
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wom 100 individusis, 85 por ocond, wore passers. This madio is to be
somared with 139/182 = 756 por cemt of pezecrs in the ordgimal saspls,
17 it could replace the &4 individuale rsjectied by the test by 64 per-
gors who guelified for elappes V, W, X, ¥, of whon moet probably B5 per
cont would have been passsrs, it would again have 182 epplicants, of
whom 154 individunls inmotoed of 139 were passers, and 20 individuala in-
stond of 43 wore fellors, One cean conosive zome olrsumstances in which .
4z move would be desirebnlo. .

Howover, 1t iz interssiing to see vhat would happen if we sapemble
inte one olsos the ¥, Wy rotora, expocting ithem to pamas, and Into another
slass %hﬁéx; Y, Z raters, expeating them %o fall, The resulds are shown
in Teble o, )

TARIE &
Y, W X, ¥.2 Tota;@
Ppagers £ = 41 98 139
fo = 34 105 139
&8 = 1 =7 0
2% = 4% 49 - .
&= 1'44 04? -
Fallere £ = 40
fo = 10 33
ﬁg =z ~f T
\ ﬂa z 49 49
X o= 4590 1:‘38 -
Total £ = 4 138 182
L fe = &4 138 182
A = 4 0 1]

2 5 8,29, Pz 2(10)73, P 2 14, I/ = 0,077

A8 phow in tho second coluzm of the table, thess retings would rew
Joot 138 sppllosabs out of 182, or sbout T6 por cert. OF those rejected,
98 individuals, ebout 71 par cent of these who wers rejectsd, would have
boen passers while 40 individusls, 29 por esnt of theso vho wars rejegied;
would have baen failers. Bub of the 44 applicants who were retalned, 41
individusls, muking vp 53 por cent of thope vho wers rotalned, would have
bosn pessgers, while 3 individuals, Seking up sbout 7 por cent of those
rotained, would have been failers, Could the Wavy have afforded to reject
76 per cerk of ths apolicarts who had pasaed the preceding solection deviges,
in order to reduce ita proportion of failers fyom 24 per gent to T por comi?
It could, provided 4% hed m reservoir from vhish it could draw 580 more
applicants like these, The 24 per cent who oould have qualified for classos
¥, ¥ would have provided the 138 individuals whoem it rejeeted from this
semple of 1823 und of ihe 182 candidatos whom 1t had thus accepted, 169
individuals making up 93 por cord of the total, mould mest probebly have
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bsen pesssrs. The propability thad tho dlscropuncies are jointly due to
chance is still about I 'in 500, and therofore probably negligible.

Our account of Dr, White's procedures and rusults is accurate but
incomplete. He is the proper psrson to desoribe in detall his procedures.
Wo heve summarized only soms of the wost important resulte, and have ocon-
aidered only some of the pessible interpretationa, not because the experl-
mont was lacking im importance, btut because both he and the other intereeted
of ficers at the station belisved that ancther mode of nttack mipght be still
more fruitful than this, .

Controllaed interviows

Their hypothesils, briaofly stated, was that it might be more useful to |
guleet coertaln porsonality traits, or items of bloaraphieal informmtion,
and attempt to determine them as nearly objeetively as possible, tham to
make over-all ratings. Thereforc thsy plecked out a good many, and conei-
dered them geparastelys The regulbp appoar in Teble T, but before we can

Jupefully soen the table, ve ghould examine definitions of tralts.

In respect to the trait "Inheritance,” I guote from a letter of Comdr.
Vietor S. Armstrong (MC) USN, which shows that the examiner's judgment is
besed on an eltermation of cortaln sets of conditions. Thess are as followsi

Goods No hiastory of psychosls, psychoneurosis, epllepsy, alecholism,
eta,, in twe generations of forsbears.

Falrt HNo hiptory of major paychosis or epilepsy in forobesara., May
be. emotional upsets such es quick temper, a mild nervous break-
down in one papent, poor adjuptmenmts on part of one parent, sto,

Poor: History of definite psychosis, epilepay, elo., in ona or both
pareata, or alecholipm in immedlate parente,

The trait oalled “Environment" is similarly defined, as an alternation
of simultansous conditions, described as followsi

Good: Family circumstances comfortable aﬁd agraeaﬁle. Community life
good either rurel or urban.

Fair: Ignorance and straitened olroumstances in home. Poor emotional
regponses on part of one or both parenta. Recrsational and
aducational opportunitiss curtailed.

Poort Orphonage 1life ~ unreasonable or alcoholic parents, Bickering
aend congtant vnpleasantness in home. Police record on part of
parent, brother, or gister. Unhappy lifs, Divorce, ete,

Similarly, the most importent characteristie of all, vhich the-emminers_ 1

called "Desire to fly"™ 1s eovaluated according to some such set of rules as

] . .
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stronzs  Suvstained desire over corgldorable period of tlme and
chjootive manifeagtstion of interest suoh as bullding
model airplence, taldng ridea at own expense or incon-
vonienee, Entry into scrvice or pursuit of sdwaiion
with flyinz as poal 1dsa,

Medlvm: Idkes tho experlencs, the pesople, =md the edditlonal pay,

Poors Takon as an egcape from unsatisfactory situation. To ot
cut of an unploagsant fate or just a chandge to make a living.
lo bagic dosire, ‘

The tralt called “Zducation” is dsfined by the kind of sehool in
waloh the condidate’s formel training was torminateds namely, grade acheol
{G), hlgh ashool (Bg, naval oondomy (4), oolleze or technoloszlcal school
of golloge grade (G), or wilversity vork after graduation {U). The ocan~
dldates’ own statewsnts, backod up by their tmneeripis wers used. To
esalyn B student to any of thome classes sbove G, it was necossary that
hs complste at least half the tralning preseribed for this clase. -

The elagses "Vorsion® and "Azbiverolon® are derived from Bararsuter's
test sooren, "Vorgion” belng broken domm into “Ambiverslon," "Introversion,”
PExtreveralon,” and the class "Ambiverts"™ being distinpulshed fram tho
clags of "noneAzbiverin,” in the sense that the lotter either did not
qualify as “amidverts” or olse wore not tosted for that tralt, Since the

" predictive value of thls elazsifioation is of the order of 0,01, we need

not conalder these olageifications farther than to noto that they have baen
rade and d4ilipently eveluntod, ' :

The tralt "Hmotlonnl stebility" lo derived from the wnanalyszed impreg=

~ sion ehich the audjoot made on the interviewsr; it is variously dencted ce

"Good" (G), "Undelsrmdaed® (U), "Poor" (F). In only oms sroup of 73 sbu~
desuts were woqulvooal Judgmomks rendsred, The result suggests that 1%
might have pald io ronder thip Judpment on every epplicant.

The trait ocalled "Azgression® likewlse depends on unanalyzed impreg-

' pionz made by the eudjeet on tho interviswer., 1t is rated "Qood" {(G),

“Undatermined™ (U}, "Poor" (P), on 519 studerts, but as either G or ¥ ox’
only 148 etudentz, However, gince its prodictive value %s nil, we need~
not consider it farther now,

The trait called "Self-confidenco™ also was evaluated subjeotively b
the interviewsr, and rated as "High® (H), "Undetermined™ {U), or "Low" {13m
1t was undetarmined in 434 inetences out of 595, and determined in 85 in-
stances. Among the latter it yielded a Teshuprow ocoofficlesnt of contingoeney
T = 0.14, and = predictive value of 0,01, These terms will be defined pre-
portlys moanwhile we mey sny that this judgmant taken alone 1s pracstically
worthless, but if i% had been rondered on 21l mubjects, and had msiantalned
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this péadiatiwa Falus, it mlait hevo beon uesivully ineluded im a battary
of gimilar tesis, on tie prineiple that "everytidng added to what you® ‘vo
got makes just a lifttle bit more.”

The trait celled "Raaponsibility" wag evaluatsd for only 43 subjects,
end by 1ts predictive valus, whieh ia about 0,07, it showed soms promise
af usefulness if it wers made part of a teet bettery. Its svaluation
depended on crewers to such guestions ae the stbjeste' acceptance of reg-
ular chores, such as the edre of domestic animala, the lawn, or his
endeavors 9 earm spending money, amoney {or clothes, or money nseded to
nelp suppert the family. Deapite this poor ehowlng, the famce wvalidity of
this 1teom secmed to warrant its incluasion in blegraphleal inventories |
which vore later developed with this inventory as a pulde,

We need net desoridve in deteil the manmer in which the intervieswer's
judgments of "Franknsss, Tension, Recastlan tima, Over-sautlousness, or
Courage™ were determined since nona of them turmed out to have an appre-
oisble predietiveo value, ALl were bussd on the interviewer's lmpreesions
agquiraéd durinz the imterview.

These rezuiis are gunmarised in Table T. The sscond column o’ this
table gives the source of this writer's informtion, as follows: (1) A
report from Coumender Armstrong to the ladieal Officer of the U. 5. Haval
ALy Staticn, Pensaaols, dated 29 Dscember 1939; (2) & report by Dr. Arm-
strong to the seme gaghorlty, dated 22 April 1940j (3) an undated memorandum
by Dr. Kellum cove payshologlical research betweon 2 January and 15 Feb-
- rusry 1940, Through the kindnsse of these officers and the Medical Of{icer,
Captain Froderisk Cerss (MC) USN; I was allcwed to digest their findinge.
The results of my study wore duly reported to thia Committee in the autumn
of 1941 in a memorandum entitled "Personal date as predictors of aercnauti-
cal sugcesst a note on certain information collseted by medical officers
st the U. S. Naval Air Station, Pensacola, Florida,"

One copy of this report was gont to the Medloal Officer of the station,
and another was made for the Mediasal Ressarch Divislon, Bursau of Asronau-
ticﬁ, Ue S. N.

The third columm of Table 7 showz the basls of classification of the
intorviewer'e ratings. As i1llustrated by the first three lines, for sxamplse,
the judgmente of "Inhoritanse” wero categerized as G, F, P, Y, 3.2., "good,"
“fair,” "poor," and “undeterminad .

The first line showz that from source A only three classes wers used
and considersd separately; nmamely G, F, P, tho ¢lass U boing omltted from
eonsideration, Ths second llns shows that from source B only classes G
and U were congidered, The third line shows thet from sources A and B com-=
bined, those belonglng to ¢lass G werc considered together, and those belong-
ing to clagses F, P, or U vere considered together. Inm gpneral, inclusion
of class symbols in parsnthesces mcans that the included olagses vere consol-
idated for comparison.
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The conetant Chi-squere e Z(f = £5) /f, ig derived by the proce~
dure deacri‘bed above and 13 1lluctrated in Tables 3, 4, and 5,

In the seventh colum of Table T, one finds Tschuprow's coefficlent
of oontingensy TJ [(It%s definition and propertics are deseribed in Chapter.
S, section 12, of Yuls and Kemdall's"Introduction to the Theory of Statis-
tice," llth edition, London, Griffin, 19377 (It is shown solely for the
information of statistically minded readers, Who are uged to interpreting
contingencies in aecordsmoa with a parsmetor valled the Pearsonian coef-
ficlent of correlation ry In contingency tables of this kind, T is
ptrictly analogous to r and in ceriain limiting instances is squivalent
to r,7) The non~slatistical roaders may diersgard it in the remaminder of
4his discussion, except to nete that thoe so~onlled prod_&gjm_iglm E of
the teat 1s basod on T in this mamner: namoly, E« l =« 1 =72, Ina
word E indioates that proportion of tho stendard efrror of ostimation based
on guessing which ons remves by using the test,

Table 7 .Howa that several individual items have a predictive mlm
which is high onough to Justify their inclusion in a test battery. Chief
emong them is the so-celled "Desire to fly," vhich in every classification
in oh 1t 15 used serves to differentiate the pmasers from the fallers
to a umeful degres. If the information had been available, our next moge
would havse been to resort to multiple correlatlon or rnultiple contingensy,
but unfortunately, the reoords were not a0 kopt as %0 show evaery item of
information for every perscn, and the cost of- rtm:zng them down would Xave

exceeded the funds at tho disposal of this experimbgler. This desideratum -

was attained, however, in some classes wialch the officers of the station
studied later.

Barnreuter's poraomality tests

In 2931 and 1935, Bernreuter put out an iavéntory of 125 items which
he salled a personslity tost. Tho inventory ocomprises 125 questions moat
of vhich ars ambiguous. BSoms aro ambiguous because they imply unatated

-dates or epochs. Some call for tensuses that the suwbjeot cannot have made,
- and which are implied im such words as "usually,” Pmore than," etc, Some

call for evaluctligna that the subjeot camnct make hastily, and perhaps not
at all. They ere Implied in such undefined terms as "frequently,"” “oftenm,"
and tho like. ALl puch qusstions are ambiguous, nnd intonded to be so.

" Howoever, categorieal ansvers are domanded. Explanations or suoh quemm

are the following: . 3 _ L
Do you day dreem frequently? - -
Do you prafar to associate with people who m‘yomer tm m;gn;lf?

Do yeu congider yourself a rather nervous peracm? . ,
Are you inclined to study the motives of oﬂaw pmyla mem

\
\ e e
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Have you ever had spells of dizsiness?
Do you wsuglly prefer to work with others!?

To eash question the subjeot ocan answsr yes (¥), no (N}, dovbtful {7},
or om\t the answer {0). An answer Y or N to most of thess questions is
logioally meaningless, but it would be rash to presuppose that the sudjeots’®
anpgwerg are determined solsly by factual and legical songideratlions.

Bernreuter formulated somo gooring devieces whioch acomapany the test.
Some of them glve estimates of vhat he ocalls "neurotis tendencies,"™ Bl~Nj
othera of what some 0all “erippliap self-suffisiency,” B2-3; still others
of what he calls “introversion," Bi-I; "dominansoe,"™ B4=D; or “gelf-gonfi-
dence,” Fl-C, This writer took the data presented in Dr. Kellum's report,
and subjected each to the treatment indloated below,

. In respect to the trait sallad "meurotio tendencles,” BleN, and "ecrip-
pling self-sufficiensy,” B2=5, FPeurson's Chi-square togt for homopeneity
a8 betweon passera and fallers 1la satiafded within the it P -~ 0,70 and
0.80, respoctively. 8ines this teat is mors senmsitive than the test of.
reliability of differsnee betwoen meens, I did not apply the latter.

In reapect to the trait ealled "iptroveralon,™ B3=L, the results may
be summariszed in Table 8. The oriterion clasaes are as fzllowm)

5. Fagsed without éxtra time 9 individualas
6. Papsed with not mors than 9 hours

axtra time 23 "
T. Papsed with more than 9 heurs oxtra

time 4 »
8. Pagsed after belng turnsd back or

. repoating pert of the course 9 "
9. Falled 25 .

In Tables 8, 9, and 10, each & fferance between mean scores cn the
Bernreutor test 1a taken with the mean score belonging to the alase dencted
by the cclurmar heading as miauend; and the class denoted by row heading as
subtrahend. The uppsr number denctes tho differenes in this sense, the lowor
number denotea the probabllity of so large a direotlonal di flerence ocourring
by ohance. ‘

Table 8 shows that the score for introversion does not distinguish any
of these cluspos from any other within the atandard P « 0.0l, The difference
between the mean score for olass T {pansed with more than 9 hours of extra
time) and clags 9 (falled) looks imteresting but einoe clsas 7 lncluded only
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TL4BIE 8
" Introversion - B3~I
Differancs botwesn mean scorses (upper entry) and
probebility of the differensce oceurring by chance
{lower ontry) between membeora of the various prog-
ress claascs,

Criterion olasses

Criterdon 5 6 1 8
claspes
. 6 "15 34'3 - - -
«93
7 19.44 34.87 - -
<73 .08
8 ”2&606? =1.24 ‘36(11 -
¥ ?3 Ge? * m ,
9 “"21048 "‘6&65 “4‘0«192 ""4 981

«09 «32 +05 +39

4 ptudents, ons had better not trust appearances. This claes, however,
doss tend by avery teet to deiinguish itmelf from the others, except
alasa 5 «~ almost within reliability standards.

This writer caused the returns for each gubject to be soored for
"dominance,® B4-D. The results are pummarized in Teble 9.

-,

TABLE 9

Dopinanos = B4-D

DPifforense between mean scores (uppor entry) and
probability of the differonce ocourring by chance
(lower entry) between msmbers of the various proge
ress clasnod,

Criterion olé.saeu

Criterion & 6 7 8
slogosy
6 9938 - - -
0.30 .
7 "3"»6" "‘3 * 92 - -
=30 .04
8 1’989 8&61 52‘53 -
«60 .38 «06
g . 7.19 -2.09 41.83 -20.70

34 <14 « 04 <35

e
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Table 9 ehowa that the seorc for dominance, B4~D, doss not dinti.n«-
* guigh eay olaps of studevis Zrom any other, within the lizdto which are
tzazaa}.}.y accepted as rellsbiliiy etandards, A near ex¢eption im clase 7,
which we have momtioned befora.

-The writer alea had the recerds ssored for “self-sonfidence,® Fl-C,
Tha results appear in Teble 10,

TABIE 10

Conf'idengs = Fle{

Differonco between mean seores (upper entry} and
probeuility of the difference ocourring by chance
{lower entry) detween mozbaers of the wvarious proge
ress claspem,

! Griterion classga

Criterion .5 6 7 g
olaggos
6 - «19.91 - - -
7 64,19 84,10 - -
L7 .02
8 -23,23 w332 ~B7.42 -
229 AT .05
9 ”13094 6:37 *??*23 10.29
' 032 .39 03 A0

The teet soores do not digtinguieh any eriterion clupa fram sny other
within the upual mit P « 0,01, The diffsiremes betwesen the means for
clasa 7 nnd olazass 5, 6, 8, and § would be suggestive if class 7 contained
many members. All probabllity rules becoms doubtful when the claes popula~
$icn 1s as low aa 6.

The report sf Dr, Kellum oovoring the period January 2 - Fsbruary 15,
1940, containe n compariaon of the saorss of 26 passara and 11 failers on
Barnreutor's test BleN, "nourotic temienoles,® The dats wers made availe
eblo in a form whilch permitted the writer 4o apply Poarson's test for
homogancity. The rosults showed that passers mnd fnilers can be regarded
by Pearson's stondard as heving been drawn from-the same parent populstion
by the pame sampling proocedure, the probsbility of the dlserspancies being
Jointly dus to chance boing of the order of G.70.
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The same roport pregents & comparicson of the seores on Sernreuter's
test for "orippling self-puffieisncy," B2-5, of 26 passers aad 32 failers.
Again the resulia showed that the two groups can be regarded as having
been drewn from the sams parent populatisn by the same sampling precedure,
thgﬁprabability of the discrapencles bolng jointly due to chance exceeding
0,00,

Here the progent writsr tenderz somo remarks of hig swn. Barnreuter's
tent, like Strong'e interest blank, Woodworth and Wells® neurctis invene
tory, and many othar personality teste, requires the subject Lo return
categorical answers to ambiguous queatiocns.

Such a demand is bound to offend e aubjoct if he considerg the quep-
tion logleally, for he knows that pince Sha quegticn ie legically meaning=
loss, any ancwer that he mey give may mialead the reader. Ag E. T, Bell
recaris? 1f anyone refuses 4o auswer such u question in the terms in which
it is stated, his rofupa) counts for a wlsiekej if he retwrna any answer
in such terws, his anewar is wrong. Trers is no pProvision in the rating
schomo for eradiiing sny intellipgonss %4 an individual who rofuges to
participate in u nongencieal gawe. Frem the fuct, however; that almost
all these cadlsls, and nearly all 4lw officers wHo aro gubiected Lo thase
quentionnaires do reiuwrn categoricil anawsrs t2 mogh of the questicns, we
havs to treat thelr smgwers sz non~log!nal, s boing returmed in a gpleit
of resolution o conform 1Y posvibls, il ab expressing sche vague smotioncl
attitudes shlell are bard 1f uel ipgoscivie to duseriba,. The faot that the
sepe gubjects refurn folrly consloisa unmwers =t widely separated dateg
iz most intorsobing but it provss roiling niespt that She test eituasion
goemg Lo glive rise to stbitudinn’ rebite, xdeh tund to be peinstated when
the test pltualion is repreduzcd. Just ap 2 Sodensy townrd aan srror im
pareoeption or judgeont mey Decome Labilual, as well ag Tamdeney tovapd
aeeurate judgmonts, a0 do thoge bondowcion baeceme habitusl slso. It de
8 fact that in tho suatistioal seasu, huge guesblonnnira rolurne have a
high repetitivs reliability. It is diuivsbiny Lhat wededy sooms o inov
hoF Lo duntervret it. ;

br. Kelins and hlp sollowsars a0, cwerrde of bhe €1ler: grades of
T0 sukjecis, togotler witu reswards o7 $hily scoven sa D=1 Cinbrovercion],
B4-D {Gominance}, sad i~ (callooriidsrval, 00 of oy aooinsants, Tleric
ledtou, reporyid the dobe iz Delle 0,

Tha oniy differonblioiies "vier 4r ,uhlezable Mos in the scers on
B4=B whileh 1s sorraiated 0,40 % LIoas pradc. Plids oooilictond .l
fled & standsrd of poli-Viiity <lad vd.a pswd Juvestlpakérs thougk net
othors. However, 23 rums In £ o0 alldy oo Soom Sermrevter's ssoechio
tilon. Ome rouzon for bha doss coppe 3t o v oidae i ths shieoeler and
the sprond of Lhe Ilighb-avadas i 3¢ . Although 3he average prades
203 GApreaats hy dhpse-uince mrelorae, o overlbolens, thogo nepbars zre
averages of munlers shlon ace Tyl ol G0 meularly ned esadinesl, and

i
b
o

shioh aro adsfiiod bo b lwaciiais s % secsnd Ghad%.  rhe stnndard
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Corrslation betwoen £light rrades of 70 agubjoets and
their scorea on Barnrouter'y tests indlonted bolsw

Correlation Predictive
Henr Standord with flight value of

Iogt ggors ' deviation grade tost

| Bi~I {Introversion) =57.0 44,0 . D.04 0.00
B4-ﬂ' {tomirmanoce) 4.2 52.9 -0,18 0,02
Fi=C {Self-confidence) 4-?5,0 84.6 T 0.13 e;éz*

|

deviaticn is of the ordar of (.137 which is sbout 4,6 per gent of the
avorage. Hence, honor siudonta, crdisary studenie, and falling atudents
tend to recslve mearly the sane mverage filght-grade, However, ginoce
Borarsuter's test scores do not corralate appreciably with any other ori-
torion of fincl perfoxmence or sconomy in learnming, porheps wo need not
worry about their feebla and uncertaln correlation with a variable whioh
is 8¢ nearly constant as average flight-gradsa.

Item analygls of Gorurouter's tent
{ile have goen that Bormreuvier's poreonality Inventory did not distin~

gulgh passers from failers, or varicus classes of passers {rom cach other,
or students having differsnt averagos of £lizht zrades. {The lzat mentioned
fallure, however, is probably dus to the fact that the flight pgrades vary
but littls froo one student to anothor, and do nmot in themgelvee distinguish
passers from failurs at all well.) Bui cortain other evidence, which I ehall
not digouss in thia reporit, convinced me that whother Bernreuterts inventory
is scored according to Bernmrcuter’s rules or Flumpan'ps, no trait hea yet
boon arbitrarily defined by Berarouter's t{est pcoras that will be usefully
gorralated with any oush vardubles as final suocoss, sxtra tima, und other
indices of extrae cost in training, progress in o given stege, and the llke.
Tho intorested reador may test the factual truith of this eonvistion for him~
salf, At the pregent time, properly authorigod persons oan et the raw data
for compilation by applying through proper ghannels,

Since the usual procodurs peemsd $0 be unpromieing, I decided to ocorrs=~
late sach of the 125 items with the pase or fall e¢riterlonj to idemtify and
count these items whieh have useful predictive wvaluey to determine by using
Pearson’s %2 test of goodnoess of [it to the ideal dlatribution whether the
number of useful iteme exceed the number demanded by ohanss; and to sea
whether some wode of cocmbiming the valusble ltema could be fonnd to paxi-
mize their predicilive value np a hatiery or pet.

T



, In oonsidering eaoh item, the first step was to oocunt separately

the paspers and failere who racorded "Yea,® "Ho," "Doubtful," or whe
"Ori tted angwor.® The next ntep wvas to caloulete the vorresponding num-
bern demanded by the indepandgnoy hypothesia, veing the method described
in Yule snd Kendall's "Introdustion to the theory of statiastics,™ 1lith
odition, seotion 22,16, end obtein the value of x* and the ecorresponding
probability P of the dissrepancise botweon consus and expaotation being
dus t0 chanee. The rosults wores roported to the Jommities 20 December
1940, end e supplementary repori was sent in 7 January 1941. In a word,
we found by sount nine ltoms which ylolded values of x2 as great =s 9.24
or groatar, vhersae the independency hypothssie allows fewer than ons
14em.> The probability is neglizivly small that the sxceds of § umeful
items is dus to chanse. Ad least somd of them, and quite probably all,
are genulne,

The nine apparently ussful itsms are ss lleted below along with *he
obtained valuss of x2, P, T, and E, Here T denctes Taschuprow's scefflcient
of contingensy, which is the elogest approximation to Pearsom’e céefficient
ef correlation r betwoeen type of answer end gu g8 or fallure that can be
made in the clroumstances; while E ~ L « ~j 1 = T& -mmy be regarded aa the
goefficient of ef ess of the item in separating pamesera from fallers.

Item 11z Do iry 1o ggt your own way even if you have to fight for
it% x2 = 11,863 P = 3{20)°3, T = 0,24, B = 0,01,

Item 181 Are you ™toushy® on various eubjeots? x2 » 9.45, P = 9(10)=2,
T -3 6112’, E L3 Q;Qly ’

Item 441 Have bookd been more syfertalining to you than socmpanions?
%% = 14,50, P « 7(10)%, T = 0,15, & = 0.0%, :

Item 50¢ Do you usually try to aveid argumentst? 22 = 9.87, P « T{10)"3,
T = 6013, E = 0,01,

Item 63 If you are dining out do geu profer to have pome one slse order
dinner for you?  x€ = 9.92, P » 7{20)*3, T = 0,13, E = 0,01,

Item 1043 Do your foelings alternate between kappiness and sadneas
without apparent reason?  z2 = 9.25, P = 0,01, T = 0.12, & » 0,01,

Stum'llas If you are hiking with s group of people, whers none of you
knew the way, would you probably let somo one elae take the full responsi-
bility for gulding the party? % = 14,11, P = 9{10)*%, T = 0,15, E = 0.0,

3Mhis value of 9,24 taken with two degrees of fressdom, corresponds to w
probabllity P = 0.01 in faver of the digcrepanciss being Jointly due to ohance.
We did not foel justifiocd lu putting into a fest betiery any item for which P
exceeded 0.01, although some statisticians might have done mo,

.'[*) :gj{fz?%’;
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Item 115: Are you often in a state of exoltement? x2 » 10.42,
P L 5(10) T 2 0.17, E= 030150

Item 122; ou be optimietle when others about you m deprusod?
!2 = '10 28’ P= 6(1‘0{ ' T« 0.13. E = 0,01,

None of those items is important for ite predictive value when 4t
is taken alone. Newertheless, if wo weight them in the best possible
manner, they yield an unshrunken and hardly reliabls multiple sorrelation
of 0.35 with the pass~fall criterlon. Thias combination of Bermreuter's
items mipght therefore be useful if it were put into a dattery with items
of other kinds, taken from other toats, However, a better way of handling

them was avallebls, which we ghall dasoribe in Part III of this report.

Meanwhlle, I recommended to the Commlttes that these items or their
equivalents be'included in eome new biographlcal inventorles which the
Comnittes was considering for development. In meking this suggestion,-
however, I mentionsd {wo reasons why ons should restrain cne's expesta-.
tions of the regults. The first reamson is the well known fact that in
the original application of this test, each of the valuabls queations is
presented in a context, It is quite probable, although the faot is still

unoortaln, that the oontext partly determines the ‘s ansvers, If
the queation is presembed in a new context, its p ive value may be
either inoreassd or diminisghed. Quite often, it is ghed,

The gesond reegon for advising caution is the manner in which the
variance between tho actual mmber snd the expeotsd number of various
4yproa of anagwers to a glven question is digtridbuted mmong the various cate-
gories of response. In the report dated 20 December 1940, I exhibited the
oevidonce in detall, For exampls, in respeet to Item 11, quoted abave, 63
subjects out of 429 answered the question "7." Of the és doubters, 29
lnetead of 41 were passors, wmd 34 instoad of 22 were fallera. Henoe,
there is & dofiolenscy of 12 passers in this category and an exoess of 12
fallera, The value of x2 in these two cells is 3,51 mnd 6.55, respectively,
making a total of 10.06, or about 85 per eent of the total wariance within
the entire disiridbution. In faet all the remainder of the total wariance
oan be attridbuted to chanse. Thue this answer served to differemtiate 12
persors out of 429, i.e,, 2,8 per oerk of all the spubjeots, snd half of
all whor the ijem differentiated. Although the usual probabllity formules
imply that thia regult is gtatistionlly dependable, we could profitably
review the quegilon vhethsr such a situatlon as thle 1s wholly included
within the scope of the upual lawe of probability. We oannot dipcuss the
question in detail hore for it belongs to theory. However, it may not
have been finally settled,
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FART I1Y; THE MOST EWFECTIVE COMBINATICH OF BICGRAPHICAL INFORMATICN

The angwers %6 Bornrsuter's gquestionmaire sould be regarded as bdblo~
graphieal Information in the senss that they purpert to indioate eome of
the individual’s likes and dMelikes, habite of sceial adjustment, inter-

-esta, ote, It 1s trus, of courass, that sines many of the questlons are
moaningless or indefinite, so must be the answers 1f one considers them
from a logles)l and factual point of view, For example, consider guestion
115: "Are you often in a state of excitement?® The adverdb "often” is
anbiguous, for what ome person might gall often, enother might or might
nots; while for the same person, one event that reourred, say, 14 times a
wook might asem to racur coften while another svent whish recurred with
the same {requsney mlght scem to reour ssldom., It is a oardinal prin-
clple of counting that only thoee things or eventa should be counted to-
gethar whioh are of the same kinds 1.e,, those thinge or events whioh
quallfy for inolusion in tho same olass. In this instence we are not
Justified in counting together two or more typloal ansvwers to such a
quastion maa this unless we disregard their msaning to the subjeot end eon-
pider only their grammatical similarity. This, in fast, is what the in-~
vontors of such tests ag thoage instruet us to do. And nothing in the
answers which the subjeot returne will tell us vhether he is trying to
desoribe himgelf as he bslieves himself to be, or as he would like to be
or s he would like to appear to an onlooker. We know, of course, that
his intent helps determine his answers.

However, we can take the answers to the differsmtiating questions as
primitive facts, and corbine them in the most effective manner with other
items of blographisal informaticn, some of vhich ere more objective than
thie.

Suoh inforumation was collected in whole or in part on the following
olagpes: 80-0, 81-0, 82-C, 83-¢, 86~C, 87-C, 88-0, 89«C, and 90-E, The
terminal letters (), G, and E, denote the makeeup of the olasa, as Offlicers,
Cadets, or Enlipgted men, reapasctively. The geveral varlables oonaidered
wore complled from the records of the station by Mary L. Boots, Research
Asgociate, and Oscar Baockstrom, Jr., Research Assistant, under the imme-
diate direotion of Mrs. Bootu.l The variables used were na follows:

05 P/P* _ Ultimate success or failure in ihe gourae,
06) TT Total time spent in training. Excess passen-
07 ger and instrument unit time not included.

-

41 must gay here that this part of the work muast be done lmpeccably
or all which follows it is infeoted with wnoertainty. The reoards of
every flight had to be earefully studied, ani supplemented by records
from at lemat five other gources, Some of the original records wore self-
contradictory and several classes of data had to be disecarded for this
reagon, - The olasses of data that were retained are unamblguous and de-
pendable., This phase of the program cennot be entruated to novices or
mare glerks. S

#0
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24 Pr. U .Exp.
25 Ath,

26 Relig.
2] Dees.Fly
28 Hered.
29 Env.

30 Maj.Oc.

R I

31l EBEmpl.ich.

32 Pr.A. T
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: 79

Do 80 ECT I-A

: 4hru

94

Tebul eatrs tiue .- " ored during fonrse of
trairing. j

Total extra chack time {spent in taking axtra
checks ).

Total used dusl tlwe in sourge.

Total numbor of extra chesks in course

Total acoddsnts in course,

Total viloietione in courss.

Total near~aocidents in gourse.

3tege in whlsh dropped for failers in course,
or if aot dropped with unowmipleted stapgep lact
scompieted sto;e coded. Pasaers all the same.
Peokher poore devisad by HMJ end RHP; aoccording
te mumber of “up® or “dcen" ohecks.

Numbary of iimos aavigation ocurae wes falled
im grownd ashool.

Nurber of ground achool eourses fallaed,

Student °s age at beginnlag of course,

Bdusatlon of studert at tlms of ernbering.

Major lnterset or fisld in collegs.

Previow military exparisnce.,

Athledie participation,

Religien. o

Degire t¢ fly.

Heredlty.

Environment,

Moat recent prilor mmjor gainful oqoupations,

Employment durdng schonl years,

Provious ireining in aseronautics,

Flinsgs, oxzaminer's judgment of.

Barnreuter Question No, 11,

Bernreuter Question No, 18.

Bernreuter Juegtion No, 44,

Bernreuter Question No, 50,

Bernreuter Queetion No. 63.

Barnreutar Question No. 104,

Berarsuter Question No. 113,

Berarsuter Question No. 115,

Bernreutor Question No., 122,

Bernreutor BIN difference amoore,.

Bernreuter B25 differenne score,

Bernreuter B4D diffarence score.

Morpgan scores,

Extra tims, Squadron X, Stage A, and so on
for every stage of every squadron to total
amount of extra time for Squadron V.

Extra check time, Squadron I, Stage A, and so on
for every stags of every squadron to total
amount of extra chesk time for Squadirom I1I.
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oy YUT L4 Toad dus) timos dguadicn Is ioge As end so on

theu for ewsyy =tape of every oquadren to fotal
118 ewout 0F used dwsl tima for Sguadron IV,
119 EC 1A thmber of ocxtra sheoks Iquadron I, Stage A, aad
thru a0 on for avery stage of every squedron to
149 {otnl number of oxtra checks for Squadron V
150" A1 Acoideniy in Squndrone X thru V.
thru
154 .
155 v 1 viciations ln Squadrons I thra Vo '
thin
159 -
150 RNA 1 Neer-nooidents in 3quadrons I thra V.
thru
164

165 ET 5-A-3 Extra time in Squadron YV, Stage A-3.

{should properly have boen in 73, and all
cthars followed from there on es above.)

These items werc oodod at Tulane University under uy iumediste di-
rectiony to be punched into Hollerith oards, first of all with a view to
sombining all the items which could bs used in predisting ultimate paselng
or falling before the record was complets. OSome of the items contain in-
format ion that ls intrinsioally non=quantitative. For example, iten 26
(Relision) 1s the relirion which the student montioned na his owm. Thesa
ongwery were olassified ac Jjewioh orthedox, jewlsh non<orthoedox etrist,
jowish passive; cetholis striect, oatholic non-sirict but motive (thie
claso was onpty), oatholic pessive, eto. Obviously thers 1s no way of
arrancing these clossens in linear order with respeot to “depree of rolXig-
iositys" or itk respact to any other oharactsristle that gives rise to
& rectilinear seriss, For oxample; 2 sgtrlet protestant might rosemble
a atriot gntholie or a striot but non~orthodox jew more olomely than he
would reserble o passive protestarnt in so far as his attitude toward re-
ligious ipsues way be concerned. Likewise a passive or nominal oatholdo
mlght resemlile a pas3aive or nouninal protestant or & passive jow mora
sloasly than he would rassemble a etrict catholia. However,; we did not pre-
Judge this question. Taking all catogorles Beparately,; we followed the coding
procedurs of ddpsrton and Vherry. Firot, we took the ratlo of passers to
total membership in each roliglon grovp. From each of these rotice we
subbracted the smallest ratio in the series; thus traneferring the arbi-
trary origin to tho religion olass whioch gave the smallast ratlo. Next,
we divided these remoinders by the larpgset ratiop and rultiplisd tho quo-
tients by ¢, rounding off to ths nenrest whole number. Thils procedure
rives the probability of pansing, measurad from an arbitrary origln, in
arbitrary unite for each religlorn category. The numbers which expreas
this result are then ocrrelated with the pass~fzil eoriterion according Lo
ihe ususl rearponian formulia. The advarsage of choosing an arbitrary oris
gin and an arbitrary unit in this manner lies in the fact that the results
gan be oxpressed in numbers of ore digit end thus eimplify oodingj and
that these mumbera ars oardinal.

It is unnecegsary $o uur immediete purpose to spsoify the weichis
vhich belong to the verilous religion olassesj they have been made known
to the proper authoritles.
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On the Yalidity of Wherry‘s waighting-procgduros

Certain friendly oritiecs have. questioned whether it may not e
11lie¢it to uee Wherry's procediwe for deriving the wolghts asaigned to
non=meagurabls variables in a multiple regression eguatisn, and to use
the aames weights for determining the coofficient R of multipls correla-
tion betwean the ccomblnation of weighted tegt=ltems and the trait to bas
predioted, which in thie ingtance la the probability of passing the
aviational tralning course.

I aleo hed a simllar misgiving before I had analyzed the problsm,
but of course resolvad it before we adopted the methed,

There is cnly ome function for any cosfficient of correlation %o "jaer-.
form. That function le to aid in deaoription. Ite saope is limited by
the implioations of tho defining-equation

R2 2 (c2y = o%y)/o%y

in wvhich o2y is the variance between the N meagured values of Y and their
aommon mean ¥, while 8%y is thelr variance from their values caloulated
from a regresspion~squatlon. In this specisl example ths equation has the

form _ -
Yx ﬂ‘ Y 4 (le1 + ngz * sesns P ann

in whioh X1, X£; veeess Xp are the subjeot’s soores in-the n different
testing tralte. and B3, B2, ... By are the several weighting=factors.
These welghts c.re so ohosen as to render s% a minimum (for any equation
of the game foim as this), and thereby to render RZ a maximum, If the
weights are improperly chosen, thon 4y ip not minimized, and R2 sould
be enlarged 1f a befter welghting-procedure were smploysd. The usual
method of deriving the proper weighting factore beglns with the caloula-
tion molaly aa an intermediate agtep of the "partisl" accofficient of sor-
relation betwesm eash testing tralt and the trait to be tested, From
these n x (n ~ 1) partial cosfficients the weightu for each test item
may be derived. This procedure like Therry's, minimizes the variance

2y and maximlizes R, But since R is uped only 4o express the shrinkage
of variance an¢ therefore the ghrinkapge of standard error between tost-
predietion and the outcome of training, it makes no differsmee by what
procedure thoss: wolghte are derived, so long as they mimimlsze the varianege,
This variance=-iinlmizlng carbination of weights, however derived, 1s
unjques 1,e,, overy B-fastor obtalned by one variance-minimizing method
hap the spame ¥yulue that it would have if if waere obtalned by any other.
Dr. Wherry has presented an algebralc proof that his weighting procedure
minimizes the warianes. Thereforo it is interchangsable with the usual
procedure,.

Sauthor‘c note insorted in 1943,
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Gertain oritles guestioned, sscond, <hather the waighis whish belong
in thie regresalon equation would probably shriznk if the equation were used
on another sample of asitudonts selested by the sume sampling procedure fiom ;
the same parsri-population. This objestion is irrelevant to any uses of -
the information that we propoged $o make, OQur pringipal aim was to ahow

" what can be done with this type of materiml. TIf 1%t were deoidad {0 uss
the questiomneire withowt alteration «» and it was not -~ we would have .
undertaken to build up a continuing experience~tabls. such as life~ingur-
ance ocompanies build up end such as hoth cur aymed farces and the CAA have
B8inee boen eongiruetinz. In po doirmg, we choose a sat of tests which prove
to have az upefully high predictive valus in one sample; ws adminlater the
sane teete to n scsond sample; we compute a new regressicn~squation for
the pecond sample; wo teet the two samples for homogenselly in respeot fo
the eriterion~tralt; we correct if nseceseary for lack of homogensity and
w0tk out & third ragression-equation for the two aapples combined; we ao
procoed until the oxpanded experience-table hag beorms stabley dut we do
not cease to experiment as our "szperienge” ig later enlarpged.

it usually happens that as the eizs of the semrle, or the samples of

samplen, increages, the proadietive value of the tesi<batiery shrinke, be--
causs nona of the indlvidual eamples perfactly repr sents the parent~popu-
lation. FHowavor, as Dr. Vherry haa pointed out, al. these ccefflolents,
and ihe weights derived from them, have besen pre=sh-unken by a formula in~ 3
tonded to corresct for an uncertalnty that attends the introduction of every
_new testing tralt into ths battery. For when we include ancther teshing
trait, weo produce two changes. Firet, we oliminate that part of the {total
variance that resulis from our assumption that the B-welight appropriate 4o
the new testing trait is “reslly” sero. (We presuppose thia walus if we
diaregard the tost~item.} But whils we are eliminating this part of the
variance we arc otherwiss adding to it, for the inolusion of every new

test incresages the warlance dus to uncertainties of sempling, since none

of tha test=item weights ie perfectly dstermined for the whole population
in the limited sample that we have. Wherry's protedure was designed to
balanse the known redustion of wariance from the ons pource againet ita
most probable inorease from ancther source. It requlres ons to dasiet

from adding moro teete when the two effscts hecems equal, If the formula
wore parfeet, then as the sample-populatlon grows, the valusg of sach of
thess weighting fastore and of the sorrelation-coeffisient R would be jJjusi
23 likely to swell as to shrink. Yt i{s not urged that the formula is per-
Pact, although it remains to be shown thet a better formula has yet been
deviged. Sinos, howsver, it wss not proposed %o euploy the testa in the ,
manner which thelr oritis desoribed, the question of most prebabls ghrink-
ags becomss hypothetlesl,

Pre-aslective Ytoms

\ V

Our firet end prindpal problem was %o peleot all those items which 2
osould have been used in selestion before the atudent began traimdng at the B
station. - They are indicated by asteriske (*) in the list, from which are - -
exaluded those pessibly useful items for which the soefficlent of correle- .
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4%ion with the pasa-fall oriterion was less than twice its own standerd
deviation. Thoe test items which failsd this standard were as followss
| Age
Previous military sxperience
Examinerts eptimate of heredity
Bernreuter B1Y (neurotio tendenciecs)
Bernrsuter B2 (self-suffisisncy)

Barnreuter B4D (dominancs)
Korgan's test

. 'The iteme which might oconoeivably lend themsslves to pre-selection,
and vhich also satiafled the standard of sdmission are ghown in Tabls 1Z,
along with the shrunken multiple csefficient of sorrelation R which re-
pults from thelr inoluslon, ons by ons, in the testebattery. The rule of
inclusion is vhether by including the item one insremscs the predictive
valus of the tosl more than one increases the sampling error. The oriter-
iom is implied in Wherry's tost~selaction procedure, These scaloulations
were made under Dre R. J. Wherry's personal direetion, and he is respon-
sibls for the rosult, Table 12 1s copled from a memorandum whioh Le sent
$a the pregont writer for the Comrittee in July, 194l.

TABLIE 12
Average Shrunken .
VYariables celeotsd - a
26 Religion ‘ 254 +2632
30 Major cogupations . 254 o315
42 Bernreuter 122 ' 270 0362
24 Barnreuter 11 291 «3940
31 Fitnoss, eraminer's judgmemt of ) 213 24137
32 Previous training in usmutics 274 4372
22 Bdueation 2%0 4503
38 BRermreuter 63 298 4604
©23 Major intersst or field in oollage 285 4704
25 Athletiog 2718 4804
39 Bararsuter 104 284 4892
40 Bemreuter 113’ 290 <5003
35 Bammreuter 18 296 +5049
29 Environment S 288 <5071
36 Bernrouter 34 293 . <5109
31 Dmployment during sohool year 286 »5104

' The {able shows that addind the various iteme to the test battery
in the order of their contribution to multiple predietion increasges the
ghrunken coefflicient of multiple corralation R until we reach item 31
{Rmployment during school year). Although this item 15 positively and
pignificantly corrslated with the pase=fail sriterion, nevertheless, it
is so highly iutereorrelated with more highly predistive items that if one



mRken oropey wae of thew, sexy Livble ds et fov luem 34 be veaswio-
Henge, if we Wad put 1t iaie tha oattery, w2 nheuwlic bave inarsased the
sanpling exror by more than ws should lave inaeresssd th2 accurasy of
prodistion from the multiple regression squaiion,

Thus, D, Wherry's procedurs yislded 1% useful items whigh,; ashen
mypt sdryantagesusly welghted yielded the following wmultiple regression
equasicn, in wnich ¥ dsuotes the prebability of passing the course, and
the gubsoripts to the varlous X faectors denots the nominal number of the
tenh e indioetsd in Table 12.

Ths Peareonlan soeffislent R »f nmultiple 2orrolation between these
15 best ltoms and the pase~-fall oriteriom is of the order of 0.51. The
multiple regrepsion equation reads as followss

Xo = =1.5729 « 0389255 « -0276X,3 + 0242055 + 03880 + <0441X34
+ (0270K37 + ,0321X33 + .0507X34 + 0358K3g + -0216X34
* Q$5£5K33 + -0146X30 + 0361Xgg + .0203%42 + .0093X29

The examiner owmitted ecme of the data on soms subjestis, so that they
had to be restored as well as one could restore them from e fragmentary
resord blank asveral years old. Ths restoration was made by a qualifled
graduate studenmt in payohology, now ian the medieal sshool, who feollowed
gtrictly the rulea preseribed by Ur. Armatrong in every case in whish the
rules could be applied. A pampling of his restoratlions was checksd by thu
undersigned;, who aleo was guided by the seme pet of rules but who dlarepar-
ded the {irst inspeotor'e notes. The two pets of eccres agrosd almost por-
feotly. That our ratings wera based on incomplete information, and might
not have agreed with the cxaminer’s ratings if the latter had get them
dom lumediately after the interview 1s suggested by one or two faots:
First of all, the examiner's judgment of the atudent's "Desire to [ly" is
_eorrelated 0,45 with evenbual suacess in the earlier work of Dr. Armetrong,

Dr, Thite, and Dr. Kellum. In this exhibit the ovorrelation ahrinks from
0.45 to 0.197, say to 0.20; or to less than 45 per cent of its ourizinal
valus., Agsuming that the sxaminors were equally shrewd in apuraising this
item, ons may woll surmise that the ratings set forth ia Tablas 12 nre based
on & greater variety of impressions than were recorded as the basis of the
ratings recorded in Tebls 7. in other words, the written amccounts sontaln
only incomplete informations the retinge mede by the originel examiner
wore not bapad solely on the information that he recarded, It ls thus
evident that if the oxaminer’s judgment ls to bo ccnsidered at all, it is
better that he record it immediately aft>’r the interview. It losee musch
of ite wvalus 1f 1% poes unrecorded until {tho examiner's memory bagomes
uncertain, and still mord i1f it in estimated by another from suoh incom-
Plote notea as these examiners left for posterity.

Although in Tabls 7 the examiner’s judgment of the studenta' "Desire
to £iy" has some oonsiderable weight when taken alone, neverthelsss when
-thls judgment iz estimated by another person from incomplete written reoe
erdg, ite valus vanigshee in predictive importance, when it is considared

i
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with other itema of biopraphisal duformation. One reason for this fail-
ure lies 1n thc awbegtitution of one mode of astimstion for ancther whioch
wo bave just discuased, Anothsr reaeon iz that this 1tem is so highly
intercorrelated with other test items which galned admisaion to the test
batiery befaorc this, and which therefore did a@o much of the prediotional
work of the whole battery that 1litils remained for this 1tem to de. But
if the original bagin of sastimation of the student’s "Desire to fly" ocould
have been retailned, its contridution to total prediction might not have
shrunk nearly go much as it did. Corresponding and ai.mi;lar aonegiderations
apply to the omiegorice "Inherltanue," "Environment," ete. enumerated in
Teble T,

It should se remambered, howsver, that the date on which thie study
is bagad wore saverael yeara cld rhon thay wers firat analyzed; that some
of the officers who made the original judgmente had been separated from
thie kind of work for a good whils; and that even 1f they had beon avail-
able, their preblem in restoring thue orlpinel records would net have been
groatly different from our owma. This consideratlon inoreases the importance
of the medical examiner's judmmert being recorded' vithout delay. Otherwige,
aven in reviewing hls own work, his procedurss are necessearily much like
thone of an antiquarian,

Ap we mentionad in the Summsry (Part 1), some of the studente were
not rated by tiv examiner on some of the iralts, and the recade wsre se
indofinite or iuconplete that ancthor person qould not congtruct e swetl-
tuts rating. v thorefore fommed two clapses of rated subjects. The first
olagg included all thoso and only thosc oiwbjeots who wore rated in respect
to every tralt that survived Wherry's toat seleotlon procedure. Their re-
sults are shown in Tablea l-A and 1-B axd in Grephs J=A and l1=B in Part I
of thig repert, )

. The gecond class included all ths students whether rated in respeot
4o every tralt or not, If any reting wes lacking, the gap was filled with
the averapge roting of the whole group for the tralt in question. This 13
oquivalent to disregnrding the missing trait, for if the scorse had been
axpressed in sinndard form, tho studeort®s rating on every missing trailt
(in which he .my allowed the average gross score) would have besu zers, and
therefore would have added nothiny to hia over-all rating derived from the
multiple regreszion equation. Those results appear in Tables 2-«A and 2-B
and Araphs 2-4 r.nd 2«B in the Sumrary (Part I) of this report.

Both tablsy and both sete of graphs indicate clearly that all the
relevard iaform.ation should have voen metliculously collosted and racorded
for overy studoub; otherwise sors daota useful for predletion were loat or
nullified.

Eow valuable ia this material in seleetion?

The angwer 18, "Very valuable if properly used,™ but the mnswer de-
mandes olucidai ion. It may be well to begin with a conorete illustrationm.

| | \



b2t us regtricy uur mitmciton »i wbe 2t vobads Tor whoem evary Liew o8
infarmedion wes cousined. Relecioon o anble Iot. po 2, Terd I, of $ixs
report, lot us suppose that Lhe erwiines vel vhs critioal geore at 0.6,
and recommended that all aspiicants who fsiied fris scors ve rejocted, and
that a1l #ho ettained or sndesdod this ssarc be relsined for trainlag.

Lat ug suppose alge that ithe treining capnrsmens {iled the roconmendation
and did not examina it wniil the oukcoms of trainipng had boen completaly
determined, irdepsndemtly sf the teate. The rosults can be sipreassed in
B 2 x & sontingency table as follows:

TABI® 13
" A = retainsd by A = relected by
test score {sgt gcore Total
E - passed £ o« 93 f = 29 127
ths courss fo = (Ti) fo = 156) 127
A= 21 T+ | 0
B = 729 A2 . q29 -
32q = 20,27 . o 13.02 -
B' = falled f = 19 f = b2 8
the course fo = (46} ‘ fo » {35) 81
% = -29 A ow 27 0
A2 . 129 2 - 129
. 22, = 15.85 Xty » 20,83
Total £ = 117 ! 208
£, = (117) o = (91} 208
Ap = Q af = Q 0
22 2 5991, P« (20)°%

The cell AB of the table indioates that there were 98 ptudents who
peesed the sourse vko wouwld have been retalned by the test 1f the sritical
goore had boen pet at 0,6. If the tost had had no predistive valuae, tgo
number of retained passers would have beea fo = 71, imstead of £ = 98,
Thus the test properly olanaified[l 2 98 = 71 » 27 passera who would have
been rejeated by this oritiocal tea% mscore 1f the test had heen ineffective.
Again, the oell A'B’ of the tabls contains f = 62 individuala who would
have been rajected by the test and who astually failed the course. If the
tost had been ineffactive the corresponding number would have been fo = 35.
Thus the teat properly classifiaed A=é2- 15 = 27 fallers who would have
been retained ag having beent Eredictod to raas if the test had been worth-
less. The vaiue gof x€ ¢ ¥ (A /fs) = 59.97, whioh corresponds to a proba-
bility P » (10)a15 that tha discrepanoles hetween the census and the corree=-
ponding numbers implied by the independency hypothesis are dus to chance.

6503 pages iC £ for explanation.

o,
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The ocontonte of Tadle 13 mey be indicated in other waye then this.

“For exampley iho Pearsonian goefficient of ocorrelation r betzeen retention

nnd passing oan be readlly computed by formumla 13.13 developed in Yuls end
Kendzall's Introluoti % % g8y 11th ed., London,
Griffin, 1937. This formula mny be written thus:

r= AN P,

in whichA = |f ~ £,] 1s tho abeclute differsnce between the number f of
individuals courited in any multiple olass (such ns the olase AB of retained
passers) and the dorresponding muiber £, dmplied in the independency hypothe~
nisy whilo N i3 the numbor of individua.gn in the samples " is tho propore
tion of individuvale retainod by the test, 9 = 1 =y the propurtion of
indlividuals rejocted by the tests p, is the proporiion of mssers in the
earple and q3 = 1 « py the propwhi%n of fellere in the sample,

In this contoxt r has an iuportant meaning, which go far an I have
noticed; hes not besn mentioned olecevhere. Reverting to Teble 13 and
considering the cells A'B (reojected passers) ond AB' {retained faeilers)

" we observe thut the indepandency hypothesis requires 56 individunls in ths

A'B sell and 46 individurls in the iB' coll. Thus a worthless test would
clagsify 56 feliere as passers and 40 paseers as fallers, waking a total

of 102 indivicualas improperly olassified. New the most that a parfeoct

tost ocould mccomplish ie to reslassify these 102 individuels properly,
lenving both these cells ompty. But the test that we are consldering transe
fers 27 individuals from cell A'B to cell AB, and 27 individusls from sell
AB' to0 cell A'E's Thus it propsrly redlasalfies 54 of the 102 individuals
vho would have been wrongly clasgified by a worthless {est, or by ohance,
But 54/102 ¢ 0,529, which is mlmost equal to the Psmrsonian soefficlont

of oorrelation r g 0.53Te! Thus we con say that this blographioal ine
foruntion hae aboud 53 per cent of the predletive wnlue that a perfeot

tost would have. | , -

The eupsriority of the stetisticel weighting prosedire over the gen=

'eral improocgion made on an imtorviewer by the game kind of data ic indi-

catsd by the coofflsiont of gorrelntion which in this instance iam 0.53
instend of 0.3C as in Table 4, Hence this procedure is nearly twloe as

-

TIn general the ratio r'ir =742 T2q.t %#(Pa2+ p2q1) == L.04) ae the
geemptrie mean of the two product~termo 1s to thelr arit l¢ yean, If
the difference py = ia very susll the retio approaches unity: otherwise
the ripght member of the rproportion should bYe applied as a converolon-factor.
A4 puitablo matrix~table is found ini Johnson, H, M. A useful interprotation
of Pemrsonian r in 2 x 2 ocontingonoy tables. Amers J. Parchol.y 1944, 37,
236~242, ) . .

o
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offookive as the othor. Thin an arpgument which is of'ten used by professimtl '
poychintrists, in favor of allowing thenm'to gotbine the evidence sudjsctively,
and render the finnl Aicision, is not corroborated in these findinps.

S0 wuch for the value of biogrophical information of the kind whioh we
have described, in the sopregation of couwrse-~pansers from ocourse-failers,
Ag we have noted, ite wvalue depends partly on the atirition~rate. If this
is low, chaunce or o worthless test will clacalfy noet etudents correctly,
so that correspondingly little romsins for o useful test to dos Had the
value of this inventory buen known at the time these studento were bsing
considered for admicsion at Ponsaeocls it doubtless would have desn applied.
Hod 1t been applied 1t would have greatly reduced the expense umnecesgarily
incurred in partlally training memy inept condidates. Horeover, it would
" have madp more quickly aveilable the mervices of competent avimtors through
saving of time wustoed in attempis t¢ troin incompetente and in awaiting
their elimination. How that the Navy has managed 4o reduce its stirition-
rate by half, the value of this particular invenmtory for seloction has besn
reducad; most probably by 21 per cent o

it 10 not 4o bo supposed that this invontory ia the begt that can be
congtructeds Iio administration requires personal interviews with gpecially
trained officers who combine the skills of poyohlatrist, flight eurpoon,
end father confessor. Thelr number is linmited as well aa their tine. It
ia probable that pelf-sdministering questionnniroe may have to do chiefly
relied upon, though supplemented bty other informat ion, Two such fests
have bosn constructed~- one by X, L. Kellyy the other by J. W. Dunlap and
8. R Wondt with the enthuslastio cooporstion of several members of this
cocxaittes. This 13 not a suliable time and plnrse for somparing their merite.
Both armed forces and the CAA are already avquainted with them.

But thers is biographienl information quits spart from persomml hisg»
torless eto.; vhich promises to be useful, end which can be added to the
lattor before the atudents are sent to the navel alr station. One of the
best potentinl selectors contalned in tho recorde of thene classes s;‘t; Fene=
anoola is the time-investment which the student regquired for coapleting
sertain ground-school courses. -But 1t could not bhe used becnuse these
coyrses wore pivén at the air etetion conourrently with f1ipht tralning.

By the tims ths ground-school record was campleted the fate of nearly all
the studonts would have been declded by their psrformence fn flipght troain-
ing. But it la proposed to pive sorme of these eritisal courses, along with
a few hours of pro=primary flipght instructlion,; et the soe~ocnllod dictribution
conters or elimination bases. This information should certainly be added
to Lhe ras:h of the ebudents' records and its selactive value da‘bemeﬁa

A word may be addod ebout a olass of tests cvalled (in bad Znglish)
"psychomotor,®. Their selectivity na conpored with thot of the bost availe
able combinntions of "papor~nnd=pencll™ tegts combinod with a pood diogra~
phical inverntory is not great. It may turn oubt thet they aan be usefully
addsd to tho bottery, DBut it 1sg not ensy to pet the corpetent poroonnel to
adninigier them, and to insure that the mode of mdminletration e kept unl-
faorm, It romains t¢ bo showm that it ls moro expodient to employ thom than

3
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try to dmprove biogmphionl inventorics gni certein pono%l-and-papar tects
with whioch the nembers of thia committes arae acqualnted.

Garrelution of tost 1toms with dther criteris

'we shall 1.0t burden the present rapart with an account of the many
relgtionships vhioh we exemined and found to be o0 weak to be ussful.

. Cne or two other specinl phaces of this investipation, hovever, are
peouliarly intsresting. Among the olaoses which we considered, aboudt 16 per
cont of thoss who failed, or about 6 por cemt of those who entered, were
washed out before thsy had camploted 15 houras of insiruotion: i,e., oither
boforé they hed takea their first solo ohaeck, or at this cheok without bene=-
3t of muoh exira time, On the surfage, thie looke as if the traindng de-
partment believed that if e studont loarned slowly in the beginnlng stages
he would probably leern elowly through the later stages or wnshout, he=
ther this assumption wao verbelized or not, it wae nod borne out in the re-
cords of thoss who pasged.d It is well to remsmber that it was not a
gensraligation rrom expsrionce; because the experilence wae curtailed whan

“such men were eliminateds it woo an apsumpilon: A similar assumption pre-
. valled at least recently, in ancther of the sorvices., It may be costly if

retnineda

k

However, the tims may have errived when training time must be eco- .
nomiged 4f our planed are 4o be manned by the timo they are mseded, Fence,

B'mg aszortlon 1o made of tho sample population studied and its scope
is restricted thersto. Moreover, the author secs no reason for modifying
hig interpretition. Howover, it should be noted that since the report was
vritten the Army Adr Forsos found 1% praoticablo to administer certain pay-
shomotor test3, and demonatratcd thsm to have considersble selectlve value,
over and abov: the contribution rmde by pennll-amd-paper questionnaires.
Their spample ncpulationa, howdver, wore not homogoneous with this, and 1%
is not eagy i3 make such allomancos ap are necessary for direct comparisen.
The whole prodlem of consiructing a test battery is somevhat complicated.
For one reason, tho grder in which component tests are admittod my be ime
portant., It should not surprise us if a paychomotor $est should be fohnd
whioch was mor> geleotive thun tho best 1tem in our llat, Once it 18 ad-

‘mitted the work that remains for tho other component tests to do is cor=

respondingly 1iminished. Althouph the question da too complicated to be
dlecuased ir letell here, this author sees no incompatibility between the
twoe gets of findings, |

7This ag3ertion does not bear on another importent questiont namely,
whether studcits who, Instead of being eliminated during the eawly etages -
are allowed stira time, are unusually likely 4o fail in the later stages,
In thios sample noarly all the fallures oocurred during primary training,
Recont studiss mnde by the RAF, since this roport was prepared, indicate
that the proportlion of studont pllotp with modium orx superior accomplish-
ment in later phases of training, and the proportion reaching operational
training, ars greater for student pilots who soleo early than for student
pllots requiring additional houra of dual inatruction, (See AAF Aviation
Abgtract Serias, No, 06, 1943.) '



=4 G

i% may bs imporiant to detect slow lecrners before they reach the siags of
basio trasning. We therefors szkod vhether any of the itome in this in-
vonsory whioh were avallsble for pre=selection could be used to predist

the totel extrs tims of those studente who completed the course, The rela=
vant ltems wers 22; 23%, 25%; 26%, 29%, 30, 32, 33% 34, 35%, 36, 38, 39
40y 424 ne shown in Table 12y pe 32 The slx items indiomted by asterisks
gained admipsion to the test battery by Wherry's oriterions and be camputsd
a multiple repression based upon them frorm whioch to estimate the total ex=
tre time, Thas raculte were a bit disappoinmbing. Only 130 students’ rescrds
wvers somplete with respect to the test variables., The coefficient of mule
tiple gorrelation R = 0,32, The most practicable double dichotomy ylelds
Table 24, ’

"TABLE 14
MULTIPLE TEST 3CURE

A = at lomst A' = legs ;
=60 ‘ than =80 Total -
B= lessthan £ = 14 £ = 19
14 hours total £, = {8) £, = (1) {19)
‘sxtra tizs &2 = 3 &2 a2 =b ¢
‘ A = 36 A® = 36 —
z%e T Augp ‘x%s = 7,20 —
B’ = not less t = 42 t = &9 ¢ 111
than 14 hours f, = (48) £, = {63) * 11l
totnl extra A - -6 4y = 6 0
time 42 = 36 i? = 36 —
220 = 095  x0 = 0.57
Total - o = 56 T = T4 130
fo = (56} : fg = (?‘} (130}
a - ¢ A = ] . )

. 2= 13,02, P = (10)73, 0= 12, I/N = 0.09

Sincs the total x° = 13,02, x=3.61, r' = 0.20. This finding is
reliagble but thae test enablop one properly to realossify only 12 individu-
nley about 20,3 per cent of the 59 who would have besn improperly olasaifised
by ohance. This finding 1s imporiant ohilefly boosause it sunpesta that
moh more can bs done with:ouch an anlarpged and ocarefully dosignod bio=
graphical inventory ss the suboermlttes has sincs dravn upy and vhich 1ig
new undergoing validation.

Conclusions

It is usual to olose such a repori as this with a eset of recommendations,
but thess have already besn madey and some of them have bson anticipated, In
comparison with thogss tests of motor coordination, the aocquisition of motor
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8killss and the 1like whioh involved elaborate and expensive instrumentation,
snd a apeaislly treined psrsonnsl, and whioh have not distinguished them-
selves by thoeir sslective afficlencyy nnd in comparieca with time-consuming
personal inte:'visws, lutended to oxposo latent psyohopstholoples, this king
of infermation has proved to b unexpsctedly valuable, and alsv ssey to
get. 10 It realne to be shown thet the cther information ie necessary al-
though An the moant imes we should ceek all that we osp gat. But if it 4s
true that fow' fifths of the spplicants are now sxoludad by the stringent
msdical examineiionn of the armed forcees and the GAA; it ig hardly to be
axpseoted that muny would remain eligible for exolusion by an enlarged medical
examinat 1on.

10z44t0r 5 Note. Recemt studics by the Committee on Selecticn and Training

of idroraft f.lvts mnd by the Armed Services clearly indicate thet measures

other than thoso obtained throvgh the use of blographieal information contri-
tute greatly .o the pradiation of sucgesn in 1ldarning to fly. Nevertheleas,
the author's <mohasie on the valus of dlographioal dsta is of partioulaer
eignificance locause of the relative neplect of mch predistors in selection
reasarch in i dustry.

N 4‘;?"‘-’
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PART 3V. HODGS O OHE pCONQUHICGAL Uss OfF PﬁEQIGTORSll

Certoin fasto contalined in thes sccompanying teblos and graphe oan be
mere sosily and waefully intorprated Af they ero mads somowhat mors oxplleit,

For ougpestlons thot led to the following procedurcs I am indelted t¢ Uaplain
iybrand Smith, U8l {(Ret.) and b0 1t. Comir, John G Jeuking, H{V)3, USMR,

4

fivan s g5t of tests the results of which siond in en ardered sories,
and which stand in pwltiple correlation with £2e rrodabllity of passing or
failing a tralningeocurse: one may arbitrarily oshoose gome soore ¥ as critienl,
and empider how many courgse-rmogors and how many gourse=follars siicin or oxe
acod 4t and how many fall 4t. This reducss the exhibit to a 2 x 2 contincency
tobles in which the soveral clagres arc (o) tast-passing courzsepassersy {b)
teot=fadling courge~passaral (o)} tostepassing soursesfullorsy (d) teste~failing
gourse-failera,

Two sets of questions are proposcd. The first set Includos thessa
If ve oot a waluc for the oritionl score K3 thom iAn order to get 1000 coures=-
paBDOrde ! ' : :

1.1. How many studente must we trainl
1,2. How mony applioants must be nveilablet

1.3 Under dhe oonddtlonas shich exist on a givon date, linve we
snough appliocents to Justdfy wa in selscting a erltionl soore ae high ao g?

The gosond group oontaine these qusstionss

2.1. T wo efm¥ 9% traindng a candidate whose test~score falls
within a spscified range, what is the probabllily that he will pase the cowres?

- 2.2, How doss this probebiiity compers {a) with that of the whole
eanpls of studsnisj and (b) wWiih ¢het of ths studente in the other tagk-zscors
elnaresl

The argwar to 'gieption 1.3 muat of gourse be derived from other ine
formation than these or simllar 4ablss contain. The answers to all the others
can be found in the tables slready presented budl may be more resndlly peen in
Teble 15 and 16, whioh ars exiracted from the former, and which are slmost
golf-explanatory. B54uce they aro used solely to Lllustrate a procedure, I have
basad thom on the total sample, for gome mombers of which the information was
not completa. In this azhibld the sorrolation between teet and oubtcome of
training is consideradbly lower than for those students for vhom we obtained
gomplete information, but the number of students ls greater.

-

Wi part of the report was origimally submittsd ms an appondix in 1942,
andl has bLeen somewhat osondonaed.



. The qtistions which we have phrased presupposc o completsd experience,
in which the prepordion of passern Lo trainess ias kwown. In this sample thas
proportion F/N = 338/480 # 64,2 per cent, appreximately. Tables 15 and 16 are
derived from Tat.e:z 2-A and 2-B, Tho results have been plightly falsifiled
in the $ails of “ho distribubtion by n process of "aedjusiment” or "amoothing,."

74 sooméd to be dexlrable for two reuscnss first,in any part of the distribution
the count itgelf ia mttendsd by an uncartainty vhich is momsured by its variance;
in either tall «:’ Sho distribution, where the proportion P/N of passers to
trainesg is edthur quite large or else quite smll, the varlance of the propor-
tion is about erirl'to the proportion itself, Henoce, as we consider one sample
© gfter another, vu oxpeet thig proporitlon in sither tall %o flueluate consider-
gbly, se that a nmoothing procegs reprosonts the most probable valuss better
than does an oriisinal census comprising a small eample, such as thias., Second,
in the original lata, near the inflociionepoint of the oumulatlive frequency
curve, the ratle &F/&x 1z quite large; but since tho range of cach testi=soore
claga is rather road, thie fast mokes the test look more sengitivo than it
roally ls. The smoothing procsdure would mot have to be applied if tho sample
Jore very large. hother it is demanded here may be questioned but the answer
ijoee not affaet ths principle thet zo are trying to exposa,

Table .5 which 1s derlved from Tabkle 2=A anewsra questiona 1.1 and
1.2, aud provide: information that 13 necegsary though not sufficisut for
amoworing queat’or 1.3. In rogpect %o question 1,2 it presents in rather
startling fashicl some facts whish I have not meon in formal presoentation before.

Congic:r, for example, tke third lina, I{ tolle ws that if we set the
eriticel score ¥ = 0.9, thea, in order to graduate 1000 pilots we nsed to train
{mogt probably} ..02%3 atudonts, ss apsears in Colwmm E. It tells ug algo that if
+® had nalssted :'or training only thoce candidates who attainoed or surpassed this
criticel acors v would have only 8.5 per cent of the total number who would
hove foiled the :¢wrae, inatoad of 35.0 per cont for the cample az a whole. IDut
Cclumn D tells '. that if we set the oritieal score K=0,9, we nugt have 11,163
urplicante to ckiore fremy in order 4o get 1093 trainees and 1000 pasgers. In
esbher words, if vu Liave about 1l candidetes who havc passed the examining board
and the modiocel "issts for each candilate that we seloct then e can cut the
vashout rete ¢ vboudt one-fourdh 1ts present value. But 1f there are net
enough epplicantr to permit such a high standard of sslection as this to be
applied, the firiing is not practically important.

Conaicsr next the sixth line of the table, corrosponding to K=0.T.
If we had selectud for training only those sandidatoe vhose seores attained or
oxoeeded this ve uo, We should have pot & washout rate of about 15.7 per cemt,
which is gtill lies than half the over-all ratey we should have needed about
2.7 applicants {»r each passer, and 2.3 applicants per irainee, Perhaps this
ctandard gould kiwvo been applied., Of cowse, we now have tests that are proba=-
bly better than -hogej thelr superiority is masked by a reductlon of the rate
of failure in tlo lavye-- due, aso I suppect, to the adoption of a new poliay
conosrning the ¢ llovance of extra time in sritical etages.:



==
TARLE 1%
T F 3 a & 4] B ¥ e
Furbar
Humbar Rumber of
ef of . Fallers
Bumbes Number Applicants Trainees per oant
Critisal of af Requirsd Required Number b e
Test Qualifiod Qualified for 1000 for 1000 of of
Line 3Soore Irainscg , Pessers Panwpers Faggers Fallers Iraiases
i 1.1 6 & 80,000 1,060 ¥ 0.0 »
2 1.0 18 17 28,235 1,059 59 5.6
3 0.9 47 43 11,163 15093 93 8.5
4 0.8 117 102 4,705 1,147 147 12,0
5 CoT 210 177 2,732 1,186 186 15.7
6 0.6 29¢C 231 2,078 1,255 255 20,3
Vi 0.5 59 258 1,771 1,340 340 25.4
8 0.4 408 209 2,661 1,412 . 412 2,
9 0e3 439 299 1,606 T 1,468 468 1.9
10 Go? 460 304 1,579 L:513 513 . 339

11 0:1 a72 307 1,564 1,531 337 3.0

12 0,0 479 308 1,558 1,555 555 351
13 =01 45a 308 1,558 1,558 550 550

Table 16 gontaing the informtion demanded in gquesticsos 2.1 and 2.5

Congider the fifth line ir the iahle, whisk showe the most probuble Tate of

thome students whose hestescare falls wibhin tha range 0.7 $o 0.77. 54 a siue
dent belon;: in thia test=score olssa, Column D ghows thet hle chancis 5 Lasalng
“are B4.3 per cant, Luatead ef &40 par cent for the meerage ., Uolumn 4 ar Ssis ket
hia chances ars therefors abeas 1,23 timss the average, and this ra<i~, taoih
reliable, iz not goectaculer; Pub let vo droo %c the ndath Mno in .. t.oie, 1y
ahowg that i o stulent’s Lertbeavors fnalle botween O30 eyd Hc29, tho provability
of his pessing i only 50 per couh Anaszad of 64.2 per vemt far ile vuer.gs, amd
79.6 per gent Tor tno =en wiope turfegoosres all wlthin the ranve C,7 «_ .75, In
other wordz thr labbor kese “% A710.0 = 1.6 times bhe ohaness of  0seir - 19 nace
the foruer, Noreovsy $his £ $is % ofsbictiecnlly reliable.

i ghall nzt Tuorhh o sicbossio whad le obvloue ip Hless tooinc . VEW

podnte, howswer, seem oo 1@ wrs sirops,  YArst, gauh besbe wn oo L uv L .o b ose-

Mable irdicatars of what ay -« individew i %1311 do a3 2 studons . wevisw Loa,
Segond, they ere 7uite rolirdo i -ietiors oF fhy oot probablic wagh.ut (o op
within the sroups thet thay s bu ouea® bs slagaily. Third, i oT™lerlog “ha the
peychologlats wre afferiin: 1 %nins reploant nobhaeg Shad belonrs >.baviy he 2ae
perdsnge and understanding ¢ f ar ~uidsal o7Flesr or tralniny olTlonr 7 sena e
o0all a litile " Tth schoel wimalner, motiiloy akxsspsi o actuntiol exoovi.ioe oAl

up rom sontlnuing and gursiwd povoclen. An gush ibs Seabs tave & poloalizs 70 ne
that ean be orloulabed as dreclond: wr 2472 insuranecs sovganiocs celoitinie Sha
shanses of desfih; Bheiy Liilia of e rbiilly sov M 8780 gac Gieée’ itk aa.
suragy. Henes, LT oriy wo begg o7t axoerieras b S0 daley PBs o gvargmsenl b
safely depend o the fipruves,
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riawmim & i = 32 E
Suher of
Junllfled Frobebility
Paggeiw por of pessing as
dasbar of Hawiear e of gant Thugbor raliinle
Asngs of Tralnces bogpave +f ueliflad averags
Test #he Far ‘Treivesr rrobebility
Arn gosres . gwiaiiy | Qualisy (=100 0/ (= No/R)
B 9 £ b i 3060 1.5
i L Dol, 0y 3 L2 52.3 1.44
P 0,9+0,9% an 2 59.7 1,40
C 0,8-0,8¢ Tl 5% 84.3 .31
: Qa?'{!@’fi. . ’ %3 ?‘& ?946 1:2'&‘
A 0.60.67 50 et &7.5 1.05
] Qcﬁ"aa)_‘ 5“?’ f!? 53 3’6 {)#84
3 0.4-0.4" 453 _ 2% 42.9 0.67
7 0,3-0,3% i 1w 32.3 0.50
10 De2e0.2 2i 1 23.8 0,37
1y =8.1" o0 A& 20.0 031

SYLETIONS: Henwhar of $raivnues » 480y P = rawber of passsra = 308;
grobability of pea.inzoP/ = 308/450 = 0,662 = 64,2 per cenb.

The dif erents HYetwsern tlsge sontrollad, arnd verifiatle or fulsifi-
ehle pradictionn and thope baged e the plsnaible guapses of banevolsnt bug
peif-conatliutad e parie La Jurld ey I, caunot be too sirongly emphaslized.
Thasa dafta have 11.dtatlcna on thelv saiostive valuag but it can alwaye ba
appraiecd. And th: selsciive teopds which thiag Cormlltes has deveioped can be
rovatea upon to pa e the govermment teng of millicns of dollars a yoear.

1
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