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• NA'l'lO.tlLU, l'.ESE.\fiCH GOUMCIL 

2101 Oonetitt.rtion Avenue, Waehington, D. c •. 
Divieion of Anthropology-and Peyohology 

Co::mdttoe on Soleotio!l and Training of Airoraft Pilot• 

Dr. De,an R. Brimhe,U 
Director, Airman Development Div18ion 
Civil Aeronautioe Adminiatration 
Vlaahington 25, ». ,c. 

Dear Dr. Brimhall 1 ' 

Auguet 21, 1944 

• attaohed ie a report entitled on th• Aotual and Poten-
tial Value of Biogruhical Int'onnatio_a_as a l\leana of Prailioting 5ucceae in 
Aerona1Zt1aal Ta,:lni,ng and Rlll._!o of Learrrl,!!& prepared by H. JI. Johnson, in 
oooperation with 11.ary L. Boot11 and Robert J. Wherry and with thu uei1t111oe 
of Olive C, Hotaling, .Lillian Galt Martin,and Frank P. Cae11e1111, Jr. '!'.hi■ 
report ie 11u'.Jmittod by the Collllll1ttse on Soleotion ud Training ot' Aircraft 
Pilato 111th tho reoo11111endation that it be included in the 1erieii of teoh• 
nioal reports ieaued by the Airman Dovelopmant D1vi1tion, Civil Aeroruwtioe 
Mministration. 

The report deeoribea a 11tudy of biographioal it1111111 in 
pradioting performanoe during flight training oonduoted at tho u. s. Na.val 
Air Station, Pen11aoo14, Florida. Tho inveetigation WU made poa■ible • 
through the cooperation ot'·tho Buree.u of Medicine and Surgery, u. s. Navy, • 
and or officers attaqhed to the o. s. Naval Air station at. Pensacola, Flor:ida. 

The report is ono of a oerie11 e;rowtng, out of the Pensa• 
0014 ProJeot. It 1e of part1oullir aignificanoe in revealing the etfeotin• . 
ne111 ff biographical ite11111, as ooritrai,ted with the more 001111110nly 118&d payoho• 
logical te11ta, in the prediction of night proi'ioienoy. It is ot' intere1t 
to note that thi1 inve1tigation, and othar 1tudiee of biographical data oon• 
ducted under the a111pioea of the l:ommittee on Seleotion and Training of Air- . 
orai't Pilots have had' very practical outcom&a in tho developmant of rmtarialo 
actual:l.y ueod by thu O. s. llav:, &lid in other program■ tor the selection of 
pilot11. 

IJSV1t11 

Cordially youro, 

~~ 
Morrie s. Vitelas, Chairman 
Committee on ~election and 
Training ot ilrorai't Pilot• 
National !18111111.roh Counol.l 
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'1'be underei/gled ueumoe X"<Jepone1b1llty for th<J acaurao7 
of doear1ption of this study nnd of its results. But for ob­
to.inine various seationa af thom roaponaibillt7 belongs to the 
Yarioue people montio1111d thrCN(jlolrt. the roport. If time bad 
pormittod tho7 uould lnvo boon o.okod to odit and oo•si~-th• 
report, but tim presses upon all and aome of the naval offiaer1 
a.re on t10a duty, and other oivilian a.eoistants are enipLged in 
othor work. Special sclmowledgmen\s bolon11 ~o Oaptain Frederiok 
Cera■ (!.IC) USN, lled.11111,l Offioer, Captain Albert C. Read, USN, 
Cnr.nondan+., and 00111111.ruler (nO'II' Ca:;>tain) w. D. SB111Ple, U5H, 
E:xeout.iYe Offiaor, all at PellSaaola, tor ~ti113 special 
aourteeios &nd fo.oilltioo tho.t ll'll.de tho t1orl: pooeibls. It 11 
a pleasure to aolmowledgo also the valuable aoUDSel of Lieut. 
R. H. Poakhllm, H(V)•S, USNR, Wld of tha oxtnordiM.1'117 faith• 
tul, diligent, 1111d aoourato oork of.' a.ssiatanta1 namGl:,, OliYe 
c. Hotalln(;, Lillian Galt lhrtin~ and Frank Paul Cueene, Jr. 

H. II, Johl18oa 
Profoeaor of Psychology 
Tulane Ulliverait7 



EDITORIAL FORE'aORD 

One major outcome ot research on selection taohniquee oon• 
du•ted by the Committee on Selection and Trainine of Aircraft 
Pilots has been the development of a Biographical Inventory which 
has been used oxtoneivoly by the u. s. Navy and in tho pilot acreen­
ing progl"W!l administered by the Committee for the C.A.A. under the 
title ~c.A,A, National Testing Service.~ 

The inatnunent finally used for this prupose we.a the immediate 
outgrowth or work done by E. L. Kelly, ot Purdue University. Hov-, 
ever, this effort ns preceded by ooneiderablo rasoaroh involving 
the amlysia of biographical informa~ion by H. M. Johnsen and hie 
staff at Tulane University wJ.th the cooperation of R. J, \'/harry 
and his staff at the Univer&ity of North Carolina.. 'l'his study, 
involvins the use of data taken from medical and trainine records 
at the U, s. Naval Air Station, Pensacola., Florida, was mQ.ds poa• 
eible only through· the cooperation oi' the u. s. lh'l'1, 

The report by H. 11. Johnson and hie assooie.tes, dee.ling with 
the ana}¥ais or biographical information, is one or a series IP'!)W­
ing out of the reneaoola Project in which it we.a ,_,oesible to study 
not only biographical information but also the ralationehip between 
me.ey other psychological and physiological predictors and success in 
learning to fly. 
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1, 'l.'hi11 b t. report ,f a stu".ly nf tho valw, pf intoroorrelated 
items of bio!P'n,ph:l.oal inforination, oompiled f:rom medicfll a114 tniini:q: 
Hcorde of 480 etudem.e e.t the U, s. Na.TIil Air Sta'll::1.or., Pensacola, 1>•­
longinr; to oluse• S0-83, 86,.88, and ',0 1 aa pred:I.Cltore of enntual 
111ucoe11s or failure 1n the oourse, and all,o as predictors of veloal t7 in 
le!l.ffiing. • 

2, 'l'be study 11U limited to thaae olasui, beaawso only amoug thelu 
1IU oertain ill!portant :l.nfonnation available, Th:!.11 oensit1ted (l) of U$ 
itll8W in Bel'IU'Outer'e personality teete, obtairled at the instigation of 
Lt, amdr.., Re:r. H, Whi.ta (JW) USRR and at bis wn GP9Dle; and (2) of r•• 
Alt. or •1n-.tio personal intervio':13 plr.umod b:, Cldr. ViotGII" s. ll.rlll<­
etrong (NC} USN o.nd Lt. Cltdr., ;Jilbur r:. Kellum (NC) USH1 together with 
Dr, \'lhito. 

3. 'l'he inf'o l'lll9.tion 1me oollooted 'lllh1le theee etudellta were 11.t ti. 
statton by off:l.oon, of tho medioe.l department and the training dopanmenti. 
Cllthout ree;ard to its WJefulnesa in this conneotlon, In a word, therefore, 
th:l.o le a pl.Mnod atotiGtical study of reoordo •:,b.ioh ·:rero not <1rl.glnall,J 
intended for l;ljSe aooordin!I to th1a plan, '1'hi11 fut 11oooual.11 for tOIIII 
it.em bolng olllitt11d on sol!IO studont11, 110 that on onl7 208 etudem.• 01n 
of 480 oould ovory item be obtained. The data are therefore exhibited. 
:l.n two 11ets of ta.bleat namelJ, (l} Ta.bla11 l•A and l~B ffllilllh includlt only 
oomplotod rooorde; and (2) T:iblas 2•A ani 2-B, :l.n uhich ea.oh 11ttdent. for 
whom an:, itOOl of information m,.s lacking 1lllll ore41to4 "1tt, the &Ten.p 
SllOl"O whioh belongod to that itOIII, Tho tablo11 and grapha inolu(lod in 
thia OUl7llll'lJ'Y ahow bmr imp,,rtant it is to eet oomplate roo crda U' rne:c:hma 
aoo11rao7 of predi<!f;ion ie to bo obtaim4, 

4. A deeoription of tho individual itomo and of tho mode of ooaibift<, 
ing ia inoluded in the main i-eport. 'l'h:l.e lilUlll!l!UT inoludes onl:, the re--
1ult1,. Those itellli!l .mioh 1.1e ha.ve oonsidoNd are all thoao and onl.1 tho1e 
'11h10 could ha.vo been coll80tod dur'i~ tho first wok Gf the stldent.•11 
roeidenoe at tho station, If ·certain i::round achOol ooursoa, 11110h u 
pnnical na1'1::,a-tion, ils.d boon roquirod boi'oro the oaodidate1 ont.ered th• 
etat1on.1 tho student11' progress in those courses would ha.vo boon a uluablo 
a.ddit.ion to t.he 1tema used, and wuld have inoreased the prediotive w.:W• 
of tho t'lbole ~roup of it0l!ltl materially. 

5, frGl.l Tables 2•A !lnd 2•B, ono no~a thlt if tho oritioal soore 
bad boon set at o.6, then of tho 480 applicants, 294; oo!'lStitui:l.ng 61.2$ 
per omt ·:JCuld havo been mainad, and l.86 applioante, oomtit1ning 38. 15 

"per cent., would have been rejected. Amoll.G the 294 applioer.ita who would 
he.Ye been retained 1'0Uld liavo boon inolUdod 240 pasoen, oonstitutlug 
81.63 por oent (instead of 64,11 per oent) of thoae retained, and 54 
fallen, tiomt:l.tnt:I.~ 18,3'1 per cd (inatead of )S.83 per oezt) of tho1• 

i 
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rn'EC'1' or APPa?NO VARIOUS CR.lTICAL TE8'l' S001Ul!8 

,i 
, (Stllllonte ha•ins oompleto r.oorda only) \ 

PASSll:IIS FAIUilRS P.ASSli:88 rAiuma 
~\' - RB'l'AIRJi:D lWEOl'ZD RffADW> Rlil'l'ADIED REJJ!IO'mD REJBOTED 
.( 

Mt• 
,, Per Pu Per Per Per Per . ' 1-.J. •en oeufl oem oesi:l cent aent 
,, ten -- of 5-- of H- of x- of 5- of "'-of 
~ ,er, l&K tgW m total !!.!t ;pyaerp be[ fail.et, ber e•eei:-. '!!!£ tailor, -

1.2 0 o.oo 208 100.00 0 o.oo ' 0 o.oo 12'1 100,00 81 100,00 
1.1 2 0.96 206 , 99.04, 2 ' 1.57 0 o.oo ·125 98.43, 81 100.00 I 

1.0 u 5,ZCJ 171 94.'fl 10 '1 .87 l 0.12 117 92.13 80 98,77 o., 24 U-54 184 88.46 23 18.ll 1 0.12 104 a1.a, . 80 98.u ~1. • o.a 56 26.92 152 73.oCI 47 3'f .01 ' 11.u 6o 62,99 · '12 88. -•- ·, 

~,: • o.T 90 :a.2., 118 56;'13' • 78 • 61,42 12 14.81 49 38,58 69 85.19 j' .. , 

•' o., U7 .u ,1 43,7.S ,a 77.17 12 a!,46 29 ·, 22,83 62 76.54 .. o.s 142 ,s.i1 66 . 31.73 110 86.61 32 l, . .n 11 13.39 :1 60.49 
0.4 tll · 83.65 34 16.i; 121 ,.s.zs 53 5,43 4.?2 34,S'I 

{-. 0.3- !)IJ,42 22 . 10.sa 123 96,8,5' 63 77.78 4 3.15 18 22·.22 
o.a ;l,l 94.71 u 5~2' 125 98,43 72 88.89 2 1 . .57 . 8 u,u ( 0-.1 99,04 I '0.96 127 100.00 79 9'1,53 0 'o.oo 2 2,47 

' ' o.o ~ 99.52 1 o,48 127 100.00 80 98.77 0 0,00 • 1 1 •. 23 :-:-, 
-0.1 • 100.00 0 o.oo 12.'1 100.00 81 100.00 0 o.oo 0 OaOO J'• 

? 

' 
TAB!£ l~B 

; 
1-· OOl!roSl'l'J:OR OF GROUPS RE'l'ADl!i:I) 

II VARI01Jl ClRITIOAL 'l'ESf saowm 
' 

(S"'llliellt11 haring OOJlll)let• l'l!CIOrda GDly) ·t 

PASSERS OR f.UUCRS PASSUUl1 FAIU!:.RS 
I~: Orlt,., Per emt 
':' l-1 Total of total Por oeot Per oent 
., 

ten JUllllor nlllllb11• Ruai>er nllllliber !hlld>er nllillbor 
l■EI ta1an1, ret1~I!! retgjned re$n~e!! ntl!:Dea retained 

.-_:, 1.a 0 'o.oo 0 0 • 1~, 1.1 2, 0.96 2 100,00 a o.o :,,. 
1.0 11 5.29 10 90.91 1 -,.09 .,/ - ;., i 

i~': ' o.z 24 11.54 23 95,83 l 4.17 . l 
0, 56 26,92 41 83.13 9 16007 
0.1 90 41.2, · ia 86, I l2 li•33 1., o. UT 5 .2$ 83 I., 19 l .24 •, 

,. ' o., 142 68,ff 110 • 17-,46 32 22.S4 
~J'. ~,, o. 114 . {13,65 121 ·!2S4 11 30,46 

" ti l 6 89,42 123 -1~ 3i,81 ,.;<,'··• 

~~-::":.-· 1,l . 94s1l 125 (,3~4;, • 12 -"'-"· 3 ss 
j:'' o.l 20 9(1,0's,' 1 "'rf".i 6), 65 1 ~J "'51.:i'i ' ,, 

,o.o 20',f ~jt) !·, ~- • "le ~ :;:i' ·~· 
u.•. ~,.: :-··· ';) 

~ ,, "'.' ~ 



Ti.BIE 2-A ' ., 
: 

EFFECT OF .APPLYING V.l:."UOUS CRITICAL TEST SCORES 
(Al.Z etudm■) 

PASSER!I J'AILERS PASSERS F.ULE118 
RSTAIMED IWEO'l'l!ll> Rli:TAINED Rril'RAIRBI> ru:.morED RE.lEOBD 

' 
Ptr Per Per Por Per P■r 

oont om om cem. oent om 
~ ot Num,., of Bum- of Ir_. of Ni=- ot ~ of 
b•i.- total bell' '\otal !i!!£ e•e•rs !!!!: Mlon 'bel' passer•~ fdleNI - -

.2 0 o.oo 400 100.00 0 o,oo 0 o.oo 308 100.00 172 100.00 

.1 4 0.83 476 99,lT 4 1.30 0 o.oo 304 98.70 172 100.00 
;,o JJ 2.11 46'1 97.~ 12 36.'}6 l 0.5a 296 96.10 111 99.42 ., 38 1.92 442 92 • 36 11.69 2 1.16 272 88,31 l'I0 98,64 
• 8 88 l .33 392 81.67 78 ~-32 lO 5.01 230 • '(4.68 l.62 94.1, 
• '1 219 4.5.62 261 .54.38 188 61.04 31 18.02 120 38.96 141 a1.,e ., 294 61.25 186 38.75 240 77.92 54 31.40 68 22.08 ue 68,60 
.,; 366 76.~ 114 23. '15 277 89.94 ~ 51.14 31 10.06 83 48,26 
.4 421 87,11 s, 12.29 296 96.10 us 

~
• 1 12 3.90 47 27.33 

4>.3 445 92.71 35 'I .z, 302 98.05 MJ, .14 6 1 • .,.; 29 16.86 
o..a «i5 ?6,88 l$ 3.13 306 99,35 l57 92,44 2 o,65 13 1.s, 
,.1 477 99.38 3 0.63 308 100.00 169 ,a.a, 0 o.oo 1 0.58 
i).o 479 99,'19 1 0.21 308 100.00 lfl 99.42 0 o.oo l 0.58 

Tl 

48o 100.00 0 o.oo 308 100.00 lfZ 100,00 0 o.oo 0 o.oo 
' i 
I 

TABIE 2-B 

COJIPOS:t'l'IOH OF OROUiti RETAINPm 
BY VARIOUS CRITICAL 'l'ES'.r SCORE5 ' (ill etudonta) 

P&SSEFIS OR FAIi.ERO PASSEHS J'ilL11:RS • 
\ 

Cr11i• Per cent 
ioal Total· ot total Per OS Per aem 
'hilt nullf:ier nmibor Nurabar 1a1111b•r Jlmdler ·nud>er 
11°£! 1:o;igae!I ret1i.ge9 ratain!,A ro'li51~nd , £e1iaine!& n1iaiM!\ 

1.2 0 o.oo 0 a 0 • 
1.1 4 0.83 4 100.00 0 • 
1,0 lJ 2,71 12 ,2.31 l '1,69 
0.9 i: 7.92 36 94. '14 2 s.26 
0,8 18.~ 78 88,64, 10 11.36 ~:, 
0.7 219 45, 2 186 85,84 31 14.16 ' 

J 
o.6 29,4. 61.23 240 81.61 54 18.37 
OJ 366 76,2$ 27'1 15,6 89 24.32 
0.4 421 87.71 296 70.31 us 29.&9 
0.3 445 92.71 302 67.87 143 32.13 
0.2 ' 465 96~88 306 65.81 ]$9 34.1, 
O,l 4'1'/ 99.38 308 64..51 l.69 35.43 <'' o.o 4'19 99.19 JOO 64..30 171 35-~ f -0.1 480 100.00 306 64,lT 172 35. .. 
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l'Ua1mtd. Thl!.!I the pn,poriion oi' :f'o.1ler11 1n tho group rota111od. would 
he.v• boen .,bout half tho proporiior. 1:. the ori131nal a1u.1plo, l'/h11ther or 
m,t it would bavo boen expoltlent VJ eet the orit1.:al ;eoro at 0.61 aD! 
thua achino th1• re1mlt, would depend on the ntllllber of DIUldida.t•• 
&vaile.blo. If th:, 186 co.ndidn.to111 rojoot0d b7 tho toi;t CflUld be repla.ooi' 
fl-om tbe ori~no.l :ro19ervglr, 1t 1rouJ.d u~qm:iatiollllbly pa.7 to Bet tho r,1•i't• 
1gD.J. ■QQnl 111t lea:11t a■ hi~ a■ o.6. In fact, 11' ae llllV1Y as 261 11ddition111l 
011odidato11 ·e1ero available, it would pay to liet the critieal eooro u high 
ae 0.7, fw as ia ohown in Table 2•B, the ~roup of ■tudent1 aati•fyhig 
thia critiul ecoro ·.10uld be mndo up t>f 85.84 par 00Z1t paosen (ins·tead) 
ot 64,17 per oont) !l.nd 14.16 p!lr crot f;'l.1lors (inot,:;o.d of 35.83 per cont). 
In coneffll tho uaoi'ulnoso of~ oolootivu procedure dopendo on the number 
of man &'\fB1labie to ohooso fro1111 the larger the roaervoir, the more pr.en• 
t1al p,.■■-r■ ono <Jl1n proi'it11blf n,.ir•1fioo in ordor to roduoo the numbot' 
of fail.er•, In thoeo tw t11blee, a.o well iui in Graph11 2°A rutd 2-B, the 
eonCS'Ql rooult of 0ch0001nc ono critic11l taet aoore rather than another 

_ 111 evident, 

6, Ta.bl.oa l•A a.nd l-B and tho corre0ronding Orapho l•A and 1-B 
det'l.l m.th anJ.1 208 studonto for whom all tt10 bioaro.phio,:il ini'ormation •• 
nvo.iltsble, It 111 ovidont -i'ro11l' inapootion thnt tho prodiot1vo value ot 
tho oomploto battory or test• 1s muoh (ll"eator than if a aoore on ono or 
nora ollli.tted itOl:lll is replnood by tho nvorago oca.-o attained by the group. 
From thoae tabloa nnd r;raphs it ie evidont that if tho critioal score '7oro 
sot at 0,6, 43.;'15 por oent of tho appl1o!'.nts ,·10uld rove boon rejected; but 
of tho11e who ,1ere retained, 83,76 (1netewl of 61,06 per oent) would have 
been pas core and 16,24 por cent (in1tertd of 38,94 por c,:mt) would have 
boon ta.ilen,, Ai;nin, tlio boot o::aro to chooes no critical llopimda Qn tho 
ratio ot tho numbor of co.ndilhtea who !lro e.vailablo to tho m1mber of can• 
di•tee who are neoded, 

7. In tbi■ ■ample, 306 studanto, oonet1tut1n3 64.17 per cent of the 
480 entl'llllts, OOlllpleted the ooureo. The oelootivo po'7er of tho toet11 
varie1 e.ocordinc to tho Jroportion of pnssore. In tho u:a1n body of the 
report io presented and proved a ~ooroli&od formula for pred1ct1~ the 
selective po·.-1er of 11 test ll'hen the populatiC1n on wh1oh it 1s to be Uf!Od. 
1•. not holllO"gonoous flith the eamplo Qn ·."lhioh it ho.e b&on 1tanda.rdl.u,d, 

8, T'h'e saDxi' itooo or inforuatlon, hoine; ;'.)?'oporly 1:1eighted for 
a.nether purpose, were drawn upon for predietill8 tho time 1nvsatment rff­
quirod-by the various pQO□ore for oo□ploting the cour10 at Ponaacola.. 
'l'ho valua of tho teats :ln sol oot1n:; out tho slot:t learners wa■ found to be 
considornbly leso than foi· soleotin;:; potential Mler■·, 

9, In :oo.rticular, the 11.11alys1e diacloaecl, that tha:.e :l.11 only e. very 
alight tonclmcy tor otudi,nts who roquiro extra time in lJle oar_ller etp,ge■ 
te require IJI01'"8 extra timo than the avora:;e utudonts in later 1tar;ae. 
Th:l.11. fl.ndin3 sOil::.18 to ooni'ir:n tho ~dsdoo of tho prouont polloy of isrant1ng 
s:nn. tico to individual t,tudont ■ in th1J etii~cie 1mioh they find moat dlffi• 
l\\lt. 



10,; ii.lthi:i~&~ vu;:y ft..:,• ~P~ ~.~} 1:.:·_t s.1 \JOJi. .. U fnilJJd 0000.uae or th Ur reoorda 
in ground llOhoo l p nnerth-~losi;;, -~ !,a mir:!bsr ot t:round sohool ooursee wbioh­
ths student h'1-d to rapoat in order to aat isfy this requiremnt, proved-to 
lmve creat ;,rod1ct:Lve vw.ue. Howaver, it could not be used in thls in° 
stance because the ,:;round. aohaol oourae was not riiven until the student• 
entered the static", a.nd in m,,ny inate.noes it '\'Ill.a not aompleted until 
the student h&d pa&eed the !Jtace of· training before whiah nearly all the 
failora in the flving ooursea ere eU.minato,1. However, if these oour1101 
are hor·oafter to bo civon at tho air ba~1es, this rolationohip can be lrtil~ 
lbed to e.dvantega, In fa.ct, it eesm!l safo to oi.pect that if the oour1191 
in radio and praccical MviG11tio:1 are e;:l.ven at the base:,• and the hour■ 
ot flying inutruo'tion at the bases are :!.ncrsased to 33, and if-such seleo• 
tion devioeo a.re iet111lc,yed as havo 'heein tested in this study and others ot 
the same ki.'1dt than the proportion of woahoute at the naval atations need 
not oxoeed five per cant. 

11. , Roootllllandation1 In various informl pro~reso reports the under­
signed ro:.nrkad that tho items of biozro.phioal inforniatioa which 1'18 studied 
crore not aelooted accordin:: to a rigid pl&u baaed on extenoive &llJlerienoe, 
?.atner, U.07 woro Cllclo up ol' such quo1tiooo ne occurred to eome intelligeJS 
oedioal officers rlho Ind had eorne eiq,erionoe in aeronautioa, I reoamnemed 
that u 1mui.r3od quaationnairo be dr1nn up ·,ilich eh1n1ld include \ho1e ita1111 
in thio otudy which provod to 111ve diagnoatio si~ifioanoe 11lon!3 with auoh 
other itor:ia :i.a tbo 1110I:tlor11 of i:ho Suboolll!Dittee and their colleai:;uoe might 
judco to bo ~uitable for incluoion, It waa also pointed out that the signi• 
fioant iteme taken l'roc the :Jornroutor teat bnd boon removod from their 
fon.1or cntrix and ~ho.t aoco or their aii310ifioan00 mi~t bo lost. It wae 
eug3oetod that at loo.st soce of t.ho proooding quoetiona be included with 
thoo in o roar to lci:men thio ofi'oot. Thlleo au,n-,11tiona hnvo o.lroady bean 
011rriod ou~ partly in tho Kelly bla.nk and partly in tho enlar:;odJ bio~raph• 
ioal invc,~ory ~~at hn9 boon ueod by ·tho O, s. llav:, :md by tho C .. l.,i\,-Na­
tional tce'tinG Sorvioo 1111 ~nistorod by ·the Committee on Soleotion and 
Tro.inin_: of _ ,ire raft l'ilots, , 

12, 1'ho dotuilod doccrlption of the bioaraphical items, the =ner bi 
··.ti\.ch t,hgy wero 11ulacted, '.lnd tho r.1odo oi' combini~ them, ie sot forth 
alone r1ith an historical back31"ound in the 00111 body of the report, 

1Editor'e N.,te ilo,,res0ntinc r.iodii'ioations of tho Biozraphical 
Inventory oricµnally propared in ros oarch by r:, L. Kally at Purdua 
lillivorsity, 

• 

\ , 
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PART II I DE'l'Aiu:D DESCRIPTION 

Gonosis or tho stud;y 

Certain medical offloars at tho u. s. Na'l'al Air Station at Panaa• 
oola intorvio~od 990 etldents in olussee 25"'44, IU'ld from thoir parsonlll. 
impressions, somfmhai: liberally Ol!Lte~orized, they predicted uhether the 
11tu:!mt vould oowploto tho trainin.1 oour110 or be dropped., For our pre11-
ont purpoeo11, we shall coneidor the oompletere as passers and the non• 
ootri.1lotE1rs a11 :!'ailom, t.hothor the failure to oomplete waa due to fiy• 
ing ineptitudo or' not, Thia mode of claeoiflootion 1!J at least lUUIJDbig• 
uouo, It ho.e boon nclverooly or'-tioind on the r;round that n small pro• 
portion or tho 11tudont o drop out for non•flyin(l ronoom. ,illlong them are 
uncontrollable airsioltnees, offeots of a.cute illness, physical de:!'eot11 
undisclosed at the physical omminntion, acoidontal injuries, unaatbor­
hod marria~, inaubordin:ltion, indica.tionc, of morlll, mental.~ or social 
uni'itneeo for tho dutios oi' nn oi'i'icor, oto, None of ~e::,e non•flyine; 
ron~om, is of~on 111011tionsd, althou!3h one may 11uppose that if any 1e 
pro1:1ont, a chock pilot ml.ij!t therefore jud3e the otwent •• flying work 
moro 11ovai.-0ly th:in if it 1·:as aboont. Homiver, oinoo the purpose ot the 
1:1oloctivo 0XO:r.lination11 ill to o.dmit a midnlum number of oanclidates l'lho 
m.ll pnoe c.r.d a cd.!11= numbor uho uill fail, if ,a oor.1posite 1eleotion 
device fall•· to eC1leot a~nst candidates rlth any prodigposinr! woak:nel11, 
it io in oo tar uneatistcotory, In tho liat miiah rn, have juet mentioned, 
acu·ce illnoaa, oepooially if ini'ootioua and not cbo to personal careless• • 
no11a, is tho only raaoon ,.Jlich ve should roj)J'd ao boi113 non•oontrollablo 
nnd thoroforo ~on-prodiotable. It ha■ beon umod, fer OX/l!ll)le, that if • 
cadet nnrrioa contrary to his ne;reoc.ont with tho eovernment, the fa.ct hu 
no rolovnncy to hie qualificatior.o a.a nn aviator, It ma, in faot not be 
relevant to his ability to haoole a ehip, On the other hand he is being 
trained for a wider rarco or dutioo than morely handline; tho controls ot 
a plnno. Ii' he 1Mkos nn a~eooont and then intentionally violnt.ee it, the 
t'o.et io certninly rolovn11t to his ritneoa to OKC1rcisa COGlLllllld~ llenoe, ti' 
a ooloetion vrocoduro 11oro peri'oat, it should bo aeneitivo to such per-
1onal veaknosoeo o.a this, hc·.Jever wable they may be if l:lal11fosted in 
poraona mio ho.vo not obli51ted thElt:IBelvee. • 

l'li1.hout desoribin::; the interview in detail, ·,,e may 111t21tion that U, 
wno partly forml und pa.rtly informal,, that tbo choice ot questions to 
be ao!:od 17lla lei't lar(lOly u:, tho oMlllinor, wid ";!iat the :iver•all ratine; 
of tho to.ndida.to so.)1:111 not to have been proscribed by a uet ot unequiv­
ocal and ric;id rulea. f.!oreover, there is evidence in tho rooord11 that 

• in at loa11t. aorao of' theoo olaaoe1, :.he ati> jocta trero _llOt intervio•;,ed 
until thoy had reached a etago or training bef'oro <"Jhich moot or tho com­
plaints and :!'o.ilure■ occur; and that, therefore, it would be hard to die· 
aociate the impro3oiono of' the t1edico.l eX!llllinor obtainad in ·the interview 
from hill knowlodc;e or thoae other f'acte, Ho11 1m,,ortant t:.ie feature of 
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t:!lo situation !11!1.Y hl.ve baen lrelll!Ot b a :;l,i+,o.uinod fl'om tho &H1e!llblai:e of 
data <1hich ft i,hall OOlleidel". 

S1!mllllU"J of initial i-oiiulttJ . . .. 

'l'h11■e 20 ola111ei, 1nollliod 990 students mo nro rated by the medical 
liXl'llilinero and who. have now failed or p:ieiied the ooumo. The findings can 
bo· expr■■H_c! 1.n a 2 a 2 tabla, u follow,. • 

TABIE 3 · 

A • p1,.d1 oted A' • Pl"•dine4 
to py11 _ to tail Toffl 

B • f • 214 f • 282 556 
pu1•4 to -~ (211) fo : (339) (5,56) 

02 - S'I /.\~ = •57 0 

~-

., 3249 A.,, !I 3249 

"'· ~-91 X-:e l!l 9.58 -
B' • t ,. ll3 t .. 321 434 
failed fo .. (l?O) to .. (264) (434) 

.tl2 .. ·ST ti, . .. 57 0 

tz I!' 3249 tl- " 324,9 
lt G !!! 19.11 · i2o ,. u.31 -

Tot.al t .. 387 t " 6o3 990 
ti, " (381) t· 

" (603) • (990) 
A ,. 0 00 

D 0 0 

. 2 
lt ,. )

,;..14 55.91, r ~ 3(10 . , r ,. 114, rftt - 0,115 

In. eo:oJ:i. eeotion of tho table the i'lnt. line shon· t ,: the numb9r of 
individuals who wore oounted as belonginc in "ltle doubl• 11la■ B1fioation 
indicated by tho Teri.teal and horizont.!AI l.1!18.d1nge,., 'r'b1111 tb e entry in tho 
top Una of tho left hand oolumn shows (All) ., 274, l'fhich ill the counted 
nuntior of individual.a cu1 1:1ere i,r61d1oted to pa■• and who o.lao passed. 

. . 
In the aeaond lizie of •!!-ch &0otia11 of· tho ta.blo 1a the entry f,; ., 

the n!Jl)ber of .1nd1v1duall! who vould have been inoluded 1n the double olaoa• 
if1aat1on l.t' ·the prediotion had boen 1ndependortt of the out.o01111. In .tho 
present instat1ae (B) , 556, the nud>or of individuals who paseed the ~01r111, 
vhile 990 111 the nurit>er or individualei ao eithsr p&eeed or failed, lf the 
buis of prodiot1on had been independent of.tll~ out.aomo,'than out or an1 
11ample that fta prodiotod to paae, the number who paaeod should have been 
PJ'Oporiional to 556/990 • 56,16 per oant.. Under this condi\ian, from •1 
group of students who were prad1oted to pass, ,56.16 per cont should moat. 
probably pass and 43,84 per aent should most probably fail; l1tew11e, from 

\ 
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c,.ny groap of 11tuderr.,9 who ,7$rl3 pt·ediotod t.:. fail, 1,6.16 per oent should 
pa11e and 43084 por oent- ll.'loulc fail. Thot1e numberi, prediated by the indll­
pendenoy hypotho11i11 o.re cet dm,01 in p11.rantho111H in tho eeoond line of eaoh 
bl.auk 11t the table, _and ..re labelod •t0 .• 

In th@ third line of ua.oh blook 111 show the dif'f&renoo /,,, ,, f - fo 
batnen the nl.llllbor of individllll,l.e oounted in eaoh of the doubly defined 
ol.asaee and the number "llbidl the indopendu~J hfpothe11i11 prediot11. Th11 
definition of t • (AB) a (A)(B)/N, in 'llhioh (AB) ia the number who were 
predioted to J)8.ae aml aleo p1111sed, (A) ~ tha number predioted· to paolll, • {B) " 
the nurli>er who paeaod, and H ,., tho tote.l nunt>er of 1twiente in tbo 1ampl1, 
If the aign oft 111 positive, it 1118!WB that the number of aucceeetul pre~ 
diotiona uoe11ded the nmnbor of. uneuooe11eful pred1ctiou. :rn fact 2(, .-
(AB) - (A)(B)/N ,., (A'B') • (A') (D')/N" 57 ·, 57 5 114 is the excei11 of 
correct prediotiona over th11 nmi:ber of oorr1111t predictions which bould 
occur by meru olmnoe. 1'11 do'tine r ,. 2.e. ae the absolute gain in ·the number 
of correct prediotierui mioh ffll get by ueine; the· teat illlltaad of guee111ing, 
and l'/H au tho rolativo cain, Thoo, si11011 lJ "' 57 ~ f !' 114, whilo r/K ., 
114/990 ~ 0.1152 • ll,52 per cent, In other words, ll4 more student■, oon­
e·Ututine 11.52 par ood. of tho total numbor, e7ere oGl'rec-tly ole.seified b1 
the taet who would have boon incorrectly cle.ssii'iad by mere chanoo. 

Ii' the e!.!i)l ot f had been Mgativo·, ao would have been the sign of 
f and of rjN, i Thia would havo maant that the toin ran aoimter to outoo111B, 
and ·that one !\ad bottor bot a@).inst th" prediction than -ml th 1 t. However, 
once ·the rul'.'o is eatabliebed, .1e could. 111111 a no,:sstivoly predictini:; tout for 
po1Jitive precf.iotion, just u ve oould use a ba.okwtl.rd nullling clocl< a11 well 
11.11 n forward runnin(!; clock for tellinri the oorreot time. All that .Ye need 
to do ie ,·ovoree tho orclor of tho ocale numbere from an arbitl'll.l")' sero point. 

The fourth line in each section of the table denoto11 42 • Sino• in 
• an7 2 x. 2 table ovary nlue ot lA ie tho swne, 110 ie every value of !!2 • 

The firth line in each eaotion of tho table denotq z?-0 .. t; 2/to, i.e., • 
the square of the di110repanoy divided by th• tbeorittill,al frequenc7, For 
iwr dngle oell, this ant.I')' may be oonsi4ero4 ae r/r ill a table of the 
normal probability intogra.11 f'rom whioh one derive• tho probability or eo 
l&-ee a disorep!Ulcy ooc.irring by ohan<:e. For epmplef in the (AB) olaae, 
r,o have f "' 274,, f'o .. 217' a ;,r 57' ~-1:2 .. 324'}, :,.20 .. t. /to .,., 14,97' Xo .,., 
3.87. From tto probe.billt7 int11sral table we derive that th& probability 
P of getting uo large II poa:\.tivo doviation from 1oro as Xo .- 3,87, 1B of 
tho ordor of 5(lor >. 'l'hia alollB is onou3h to llho-:r that tho outcome is 
not indepenc:.ent of prediction, If we 8\111 the vallllJID of x2c •• and thi~ 
we oan do beoe.ueo x2 ie additive -- for the ind1vidual oells, we g&t x ., 
55,97, Ehhor by calculation or by tho use of ouch tables o.e Table IV in 
Pearson's Tablea .t'or Statisticians and Biolll8trioians, Fe.rt I, ~'iird edition, '., 
we deriv<; that the probability P of the discrop:uioioa being jointly due to 
chance 1a of the order of 3(10)-14, 'l'hua the independon07 hypotheeil! .. 1,, 
oontradioted1 there ie some oauaal rela.tionebip between prediction and out•. 
oome 1:ilthou~ it renaina to determine what it 111, 
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It the e-1.ner 11ho 11111.ltee t.he prediction lm01t'I ao1uth1ns about thct 
atudent's progr•••• •• wel;l. •• tho fruit■ brought o® in the iutoM10'll', lt 
111 TerJ hard to prnent h1a predlotlon tr-0111 bo1~ sn.yed 'by thls additional 
knwledge. Thia bla1 my ooQUI' nthout the lee.at ma.l•iatontlon on the. 
part ot the a:mmlrier, 'eopeelally lt he la ollnieelly minded, and theref<lI'e 
inclined to ba1e hl1 Judgme~ on all hi11 lmovd.odge of the lndiv1d1.111l 0011-
aldorad "aa a. whole," But it la just tbla lnollJl!ltioD whloh woe it 
hard te olaos:l.fy ol:I.Dloal Jw:lgmmlte rlgi~ • •• one muat do lf one om 
treat them Juatl.J.by statletloal prooodureo. There are rlllloons, not ap• 
parent 11:l Table 3 or lD a.uy ot the· o1mllar tablee from mioh l t was com• 
pllod, tor wonder:l.as lt IOlllll of th1111e pr,u!.lctlo11B wore not influonood by 
kno.1lodge of. other fo.ota tlnn thoae ·.iti:l.ah the tntervln woul4. nornnlly 
llrlno. 011'. 

.In Offr--&ll oontrol e:r,perlment 

Certdn other med:l.011.l offloera o.t the ata~lon the:.-ofore mad11 a llff 
oxp!!rlmont, viblch required the lnterviowor to mice all h.'l.a predlotlons in 
lpmnc:,o of any tmlnlng roccrd that tllo etudonto may htwo m(ie. Thia 
work wo.1 dono by Llo~. Omdr, Rex n. ihlto (1'0) USNR under v11ry etrmgont 
preoautlou. Dr. ·.'lbito r.nda o,-e,r-all ratlnaa on 182 studenta in cla111se1 
73.78. 01' theae atudante, 13'1 oomploted the oourse and 43 wore dropped. - ,( 
Dr •. ',7hlto divided thoee 1Jtulonts into five claaee1. accort'.ing to the over-
all i'awru>lllty 1>1' prodlctlon. We shall desi?,l'lato th<i)!!i ilfbiti·a.i;ily, showing 
rlrat hie 1j'mbol11 Md \hen oµr oau u., VJ A , WJ A, lJ 11....., Y1 BA, z. Tl;G 
claoe denoted BA, Z na a ·oiass which he judged to be "bolow average," in 
roopoot to IIOIDII ideal noam. 

'l'he rea ult1 1n eo 1\lr ae thay c:,onoorn pa1ains veretl8 failing mr,p.y be 
eummarlH4 ill Table 41 

'rA.BU:4 

J.XAllilOOl 'B O'lJl:1\.-ALL RATINa8 IN R!l:LiTXOl{ l'O l"ROllABIL!Tl or P.t'..ss:tr1G 
\ 

Q!or,,,all ra.t&ai!! 

V w X t z: Total 

Pa.11eer1 t 2l 20 30 2'1 39 13'1 
to lf 11, 30 26 4'1 13'1 
0 4 3 0 3 -10 0 
oz 16 '1 0 '1 100 
i2, .')4 .53 0 .35 2.08 -

ra11era t .1 2 10 5 25 43 
fo 5 5 10. 8 1S 43 
6 ◄· •3 0 "i'l 10 0 
AZ 16 '1 0 '1 100 -
~o 3.20 ,1.80 0 1,13 6.67 -

'l'otal t 22 22 40 34 64 182 
fo 22 22 40 34 64 182 
A 0 0 0 0 0 0 

,fl,, 16.67, P ~ 2(10,-S .. 
.. ' I I 
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It it quito ,:;bviou1 timt tho~o ts ,.., aa:ioci.1,;,t.ion b1rf;w111m these 
ratings a.ud th.a prob!lbil.i:ty cf oomploting t..'11, CQUt'flo, in the 11an110 that 
t)lt;11111 who reoebad more favoreJ>lo re.tinge than Z ooate.inl!d th.a larpr 
proportion of oomplotar1. On the other hund, ae my be eaen from the 
third lino or the eighth line of the table, the teu,t di11plaoed only 20 
a.ppllarmt1 frlllll the ole.seif1110.tion wl1ioh they would have bad bJ ohanoe, 
It is interesting that tile distribution of passero and fail.era in olaeu, 
Xis exaotly what ohanoe would have yielded, It 11 possible, however, to 
11umnari111 thsse results more usefully in othei· f'orms1 tlllJll&lY, Tables 5 
Md 6. Table 5 ehm,s wlult flould happen if tho lll.Tf had 11.ooepted olasees 
V? W, X, Y, nnd rojeotad olus z. 

TABJE 5 

'i ,If ,X,Y z Total 

i'u■ e!.11 f ,. 100 3, 139 
to ,. 90 49 l39 

~ 
,,. 10 •10 0 
~ 100 100 -

• it•\, ; 1.00 2.04 .. 

1aUer:, f ;ft 18 25 43 
,. 28 lS 43 

"' 
=10 lO 0 

!ll 100 100 -
~- 'ii 3.57 6.6'7 

f ::. 118 64 182 
t'o = 118 64 182 
A = 0 0 0 

~ "' 13.28. p "' (1or, rs 20, r/N. 0.110 

Si,1oe the probability P of t.>ie tlBSOOiation between predation IIEl.d ou.t" 
oome being dua to chrm.ce is 01' tho ordor or (l0)-11-, i ,e., ot 1/10,000, wo 
have to regard the oorrespondenea as ~enuine. Since the examiner'e ra.tingis 
were made without independel5 kno,,ledgo or tho etudente• progreH, other 
causes of the usooiat.ton need to be sought tor oaref'Ully, The sneaning ot 
r • 20, r/11 ., 0.11 i1 that the sample of 182 ·students oonta1ned 20 ind.ivid~ 
wt.le, l.l por cent or tho total nUl!lher, who would have been improperly olusi­
thd by chance bu.t ftN properly reolaesified as po.seer, or railers by Dr. 
Whito '• over-all ratings. In other words, if the NaTf had pre11oribed ill••• 
ratings as additional qualifications for oe.ndidatea dlo had pe.eeed ite oth8r. 
eolection tests, it would !lave excluded 64 oandidll.te11• o:t who& 25 nro :tailer•• 
'J.'he11e 25 :l.nd:l.v:l.dual11 oolll!titu.te 58 per cont of tho 43 :t'ailen. 'l'o get rid ol 
them, the Navy would have loet the sorvicea of 39 pae!lers al.110, These 39 
lndividue.ls inalto up 28 per oent o:f' tho 139 passers. Had the Navy employed 
these etanda.rd11 oi' eolection, it -.. ·10ulci have rotainod 118 appl10W'lta, ot 
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•1:'ho:.1 100 individuals, 83 pur oon~, worD passors. Thia rat1o ia to be 
()Olll]::.red nth 139/182 'II 16 plllr em ot peasern in t.he orlgl.ml nmpl.e. 
If it could replace the 64 individuals rejected by the terrt bf 64 per• 
sor:1 who qual.U'i.ed f'or olagaes V, w, X, Y, or. whom most. probablJ' 85 per 
otmt w;iuld have been pu:ien, it would again have 182 applioa.nte, ot 
whom ]54 1ndividuals instee.d of 139 were passers, an.\ 28 indlv1d:uala in• 
stoad of 43 wro fa1.1ora. One oan .conoo1ve acme oirowmt.imooa in whiah. 
this movo would_ be des!rn.blo. 

However, it is interesting to aee ,mat 11JOuld happen if we ueenble 
into one oln.r.u, the V • W, rat.ere, ex113ct:l.ng them to pass, tmd into another 
olass the l, t, Z ratero, expecting tllem to fail. Tho results are llhown 
in 'l'&ble 6 •. 

TABLE 6 

v,w :c,t,z 'l'ote.l 
• 

P1u1s11-rs t !!I 41 98 139 
fo 34 105 139 1" 

ll : 1 -1 0 
, : 49 49 -

0 : l.44 .4'1 -
Fail.ere f :: 3 40 

fo = 10 33 
ti :: -1 1 

\ 11: 1: 49 49 
lt O : 4.90 1.48 

Total f : 44 138 182 
fo : 44 l.38 182 
A :: 0 0 0 

.;. • a.29, P = 2(10)-S, .r -: u. r/N • 0.011 

As ehom ir, the second coltm:n of the table, these re.tin$!! would. re-
ject 138 applio!c"inta out of 182, or a.bout 76 par oent. Of' those rejected, 
98 individuals, II.bout 'fl por cant of those llho \7&re reJeoted., would hae 
boen pas!H1r11 while 40 individuals, 29 per cant of thoao 'llho Wlilre rejected, 
1110uld have been failen. But of the 44 applicants ,mo wore retained, 41 
individuals, mking up 93 per ce:t.. of thooe who were retained, 'IIOuld have 
been pueers, wtd.18 3 individuals, m,Jd.ng up about 7 per cent of those 
rete\.l.nsd, mmld h&Vs bem Mlers. Could the Navy have afforded to reJeot 
76·per oelll. of the ap,licants Who m.d paseed the preooding selection device,, 
in order to reduce its proportion of :l'ailer11 from 24 par cel:dl to '1 par ·cel:dl2 
It could, provided it had e. reservoir from ohioh it could draw 580 more 
applioents lilce these. The 24 per cent wbo could have qualified tor clu1.1111 
V, W vould have provided the 138 in:lividua.ls 'llhom it rejected from this 
1111111Pl11 of 1821 and of ~he 182 candidates whOlll it had thus aoo11pted, 167 
individuals maldng up 93 per cont of the total, would lll<!st probo.bly have 
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bean 11aesere, 'l'he prollehi:l.l.ty th.,t tho dlscro;,::..ru::i.Aa are jointly due to 
chance is still about 1 ·in 500, and then,l'ore pr,,bably negligible. 

Our account of Dr. White •a procedures a.nd results is accurate but 
incomplete. He is the proper person to deeoribe in detail hie procedures. 
We have summarized only so1111 of the most important results, and have oon• 
sidered only some of the possible interpretatiol'l8, not because the eii;peri­
mant wae laoking in importance, but because both ho and the other interested 
officers at the station believed that another mode of ·llttaok might be still 
more fruitful than thie, 

Controlled interviaw9 

Their hypotheeio, briai'ly stated, was that it mif!jlt be l!lOre useful to 
select certain personality traits, or itellJl3 of bio!,raphical informtion, 
arri attempt to determine thom o.s r:inrly obJectively ae poeeibl<. 0 than to 
make over-all ratinr;s. Therefore thsy picked out a good ne.n:,t, and oone1-
dored them separately, The reoulte appoar in T&ble 7, but be'fore cre oan 
usefully eoan the table, ;i-e should emmine dei'initione or traits, 

In reepeot to the trait "Inheritance," I quote from a letter of Comdr. 
Victor s. Armstrong (IIC) USN, which shows that the eitaminor'e judginent is 
based on nn alternation of oortain aeta of ·condition11. Those are as follows 

Gooda No history of' psychoaie, psyohonouroais, epilepsy, alcoholism, 
etc., in two generations or fo1•ebears. 

Fair1 No hiatory of major psychosis or epilepey in forebeare. May 
be. emotional upsats such Ml quick temper, a mild nervous break­
down in one parent, poor adjustments on i:e,rt of one parent, eto, 

Poor1 History of definite psychosis, epilepsy, eta., in one or b.oth 
parents, or alcoholism in immediate parent,. 

'rhe trait called "Environment" is similarly defined, as an alternation 
of simultaneous conditions, doaoribod as i'ollowe1 

Good, Family oirolllll6tanooe comfortable and agreeable, Community life 
good either rural or urban, 

Fair• Ignorance and straitened oiroumetanaes in ttame. Poor e1110tianal 
responses on part of one or both parents. Recreatiollal and 
educational opportunities curtailed, 

Poor1 Orph=ge life - wtreasonable or alcohollo parents, Bickering 
and constant unpleaeantness in home, Police record on part ot 
parent, brother, or sister, Unhappy lii'e, Divorce, etc, 

·Similarly, the most importnnt characteristic of all, ,1hich the, examinera , 
oalled "Desire to fly" is evaluated accordinc to some sueh set of ruloe u, 
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Stro."lgs 51.lStv.ined desire ovor ooooidamle period oi' time and 
obJactive llltUlifeat&.tion of interest suoh aa b\lilding 
model e.irpl,mle s, taking rid11s &t own e:ipeJ:11111 or incon• 
'l'onienoe. Entry into 11or'\lioe or pllI'suit of &duoat.ion 
with flying as BOal idoo • 

UediU1111 Likeo tho e;::parietice, the people, and the additional Pllll• 

Poor, 'l'~kon a.s ~ escape trom uns11t111factory aituation. To get 
out of M unploo.Gcmt rate or Just a ohanoe to ma.le& a l1 villi• 
Ho basic doeire, 

The t ral t cal::.od "llldu01).t ion'" iii de1'lned by the kln4 of school 1n 
'ir'r.1oh the. oandidats'e formal trainin:& was term:l.ne.tsd1 namely, grade 11Clhool 
(G), high 111Jhool (H), naval o.oadamy (A), college or technolo~ca.l sohool 
of' oollo~ ~ade (O), or uuivorsity 11ork after graduation (U), The oaxi• 
did..l.tes' own statements, bo.c?,od up by their~•~• were used. '1'o 
assi311 a st.id.ant to I.Ul,ll' of thoec ol&sees above G, it 1.111.11 necessary that 
ho oo:nplete at least he.11' tho tr&:J.n!ng prescribed tor this class. • 

T!,e classes "Version" an! "Alr.!>iveroion" aro deri,,.,d i'rom Bernreute1''e 
test scores, "V0:rsion" bein!]; broken dom into "Ambivereion," "IntrovorsiOll.1" 
"Extroversion," and the olnos "Ambiverts" boill6 dietin(:Uished from tho 
class ot "non°Ambivert1;1," in tho eenae that tho latter either did not 
qualify aa "e.m.';d. varts" or else wore not tooted tor that trait. Since ~e 
predictive nluo or this ole.asi1'5.oati.:1n is of the order or 0,01, we noe4 
not oonaider tlieoe alt;ioeifico.tions ra:rthor than to ne>to that the:; have been 
n:ado and dillzemtly Em.l.luatad. • 

/1. 'l'he trait "Emotionnl stability" 111 derived i'rom the unanalyzed impree-
1 1ion 'lhicb the su.bjoot m.\llio on t.he interviewer; it is variously denoted as 
I "(J;)od" (C), "Undeterwood" (U), "Poor" (P). In ODly one ,.roup of 71 stu--
, deate wore unoqmvooal juc'lgfood.s rendered. The result suggest11 tha.t 1t 
/ might have paid to rondor thio judB1I1mt on oTery applicant. 

Tho trs.1 t, oO:lled ".A3greas1on" llkewiee depends on 'lUlallalyzod. il!lpre11-
eiona !ll!lde by the eubjoot on tho interviewer. It is rated ffQood" (G), 
"Undetermined" (U) 1 "Poor" (P). on Sl9 studont1, but a.a either G or1? cit. 
onl.7 148 11tuder.ta. However, f!inca ite prediotive valu& ie nil, we need.'' 
not conaider it. further now. • • 

• Tile trait called "Self-conf'idemo" also w.11 evaluated subjectively by 
tho 1nten1swer, &nd rated ae "Hie;h• (H), "Undetel."lll1ned" (U), or "Ltnr11 (L)., 
It wa:e undeterminod in 434 1netane&e out of: S9S, and determined 111 85 in• 
etnnoes. Aman~ tho lo.ttor it yielded a Teoh\q)row aoet:i'icient of contingency 
'l' • O.l•h a.nd a prediative value of 0.01. 'l'hoae tel'IIIS 11111 be dei':I.Ded pr.• 
aently1 meanwhile we me.y sny that this Jud;mant take alone 111 practiaa.117 
worthless, but if it had been rendered on all aubj$Cte, and had maintained 

• 
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thii, predi.ct=,·.,-., valu,,, it i.i:Jht • h;vo boo" uaafnlly included. in a. battery 
o:t al.w.lar tGfite, on tJie prlnaipl.P- that ntl'-'"=':ft,,ing added to what you've 
got makes ju~t "' lli;tla hit lllOHl," 

The trait o~lled ~R.saponsibility" we evalu.a;l;o3d for only 43 subjects, 
Md by its prr•dictive value, ·.mich ia about o.O'l, it ehowed same promise 
o:t usefulness if it were made p!i.rt of a teat battery, Its evaluation 
depended on 1>ruiwer11 to such questions e.s the ellbjeote' aoceptanae of reg­
ule.r ohoree, auch as tha care of' ·dome1,tio an.\male, the lawn, oi;- hie , 
endeavors co earn spending money, money for clothes, or money needed to 
help support the family, Deepite this poor ehom.ng, the fe.oe validity of 
this item seemed to war1-ant its inclusion in biographical inventories 
lllhich ware later deYeloped with th:l.a inventory as a guide. 

We 11,.ed not dasoribe in detail the m!lllll9r in which the intenie,rsr•• 
jud~ente of "Fra.nlrneas, Tension, R~aotian time, Over•cautiouaneas, or 
Coll!'age" were determined ainoe • nono of them t·urMd out to have an appN­
oiable predictivo value, All were baaed on tho interviewer's impresaione 
aoquir-Jd during the interview, 

'l'hese results are eimrhed in Table 7, The second column of this 
table gives the souroo of thi!I ·writer's intoruation, u follows1 (l) A 
report from Co,OllllN\der Armstrong to the Lladioal Officer of the U, S, Nayal 

' 

Air Station, l0ansaoola, da·ted 29 December 1939; (2) a report by Dr. Arm• 
strong to the BWll8 ii<;'ii,hority, datlld 22 April l940t (3) &n undated me1110ra.nd-. 
by Dr, Kell1.1111 cove~ psychological research bet111ean 2 January and 15 Feb-

- rui.ry 1940, Through the kindness of theae officers and th,e Medical Officer, 
Captain Froderiok Cerea (MO) USN, I was allcwed to digest their findingi,. 
The results of my study were duly reported to this Commi,tea in the autumn. 
of 1941 in a memorandum entitled "Personal date. as predictors of aeronauti• 
cal aucceasl a note on.certain infol'!lilltion collected by medical officers 
at the u. s. Na.val Air Station, Pense.cola, )'lorida.," 

One oopy of this report -s sent to the lledioal Officer of the station, 
and another waa rnwie for the Uediaal Research Di,ieion, Bureau of' A,fronau­
tiGa, U. S, N. 

The ·third oolumn of Table 7 shows the basis of olaesificati-0n of the 
inten'iewer'e rating&.· As illustrated by the first three lines,, for example, 
the Judgments of "Inheritanae" were aatee;orized as G, F 1 P1 b, i,e., "good,•· 
"toir;"' "poor," and "undetei;-ndnod," 

The first lino show that from sauroe A only three classes were used 
and considered separately-, mmely G, F, P, the cla■s U be 1ng omitted from 
consideration, Tho second line showe that from source B only claeeee G 
and U were considered. The third line shows that from sources A and B com~ 
bined, those belonging to class G ~,ore considered together, and those belong­
ing to classes F, P, oi;- U were considei;-ed to1;ether. In e;eneral, inclusion 
of class symbols in parentheses means that the included claeaee ·:,ere conaol• 
idated for comparison. 
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'the aoneta:it Chi-square • f(f • t 0)2/t0 1a de:ri'fed by tha proae• 
dure 4eacnbe4 above and is illustrated in Tables 3, 4, and 5 • 

In the ■eventh colunm of Ta~le T, ona fin,da Taohuprow•a ooatt:Loient 
✓ ot oontlngenoy ?.rq,a deftnltion and properties are dasorlbed ln Chapter. 

5, aeation 12, of Yule and· Kendall' a"lntroduotion to the Thaor, of statis­
tics,• 11th edition, london, Griftin, 1,3r;i gt i■ ahom _solely tor the 
in:tormnt ion ot stat:lstioally minded readera, mo an uaed to :Lnterpming 
oonU.ngenciea in accordanoa pith a parameter oalled the Pea.rao:nlu ooef .. 

✓ f'ic:lent of correlation r_;''c:f11 oontin,goncy table1 of thia kind, T 18 
otrlotly 'a:aalogous tor and in.certain limitinr, inaunaea is equiftlm 
to r,.J The non-a·b!l.tietioe.l road.ers m7 disregard it :I.a the reminder of 
this discuaaion,. exoeipt to note that the ao-aalled pre45'tiye3lua I ot 
the teat ia basod on- T in tbls mamier1 na:mely, B 11 1 .. i 1 - • Ia a 
word. E in.clias.tea that proportion of tho standard -error ot estimatlcm baaed 
on , peseiq t1hioh one removes b7 using the teat. 

Table 7 1l'iowa that several individual items have a p:red:l.atin '9111.ue 
wh:loh la hi ,Ii enough to Justify their inclaetcm. 1D a tan battel'J.. Ghief 
•.=ionct them la tho so-called "Desire to fly, 11 \"Jbioh in &Tel"J olaaa:lf'leation 
1n wtaah :l.t is · ueed servea to di rterentiate tlie puseri -from the te.Uera -
to a useful 4ee;ree., It the intormation had been available, our uxt 1DOf8 
would ha.Te been to reaort to multiplo aorrelat1on or, 1111.\ltiple oont:L~, 
but untortumte:ly, the roocrds were not so kept aa lo ahow &T•Z'J 11am d. 
inf'on:ation ta:r ever, person, and the cost ot---nmnw tbla clam would Jwre 
exoeedod the funds at. tho cti,eP,osal of thi■ n;perir,C,1ier. Thia cleaideralm -
n.a attained~ h01.V81'81", 1D some al.asses whioh th~ otlioera ot the station 
studied later. • 

,Bemreuter's pereC111&llty test■ 

In 1931 and 1935, Bemreuter put out -UL uvent;ory ot 125 item-which 
he aalled a peraona.li t-y test. The inventory oompriaea 125 quest ions S011\ 
of t1hich are arubiguoua~ Some aro 11a.ibiguoua 'beoauee ther imply UllBt!a.tecl 

_-dates or epochs. Soa:.e oa.ll tor censue-,e that the smjeot cannot han ~, 
end m:i.ich sro implied :ln auoh-w-ords as •usually," "1aore than," eta. Sc>me 
oall· for evaluc.t1~ that the aubJeot cannot make baatili1 and perhapa mt 
at all. 'l'he:,·_nNir-lmplled in auch undefined. terms a■ •trequantl:,," •otten-, 11 

am the like. All such q_uestione are ambiguous, 1.IIICl imonded to- be ao • 
• ,. • . •• Ho,10,er, ·ca1tegorl.cal anBWere are demanded. Expl.and!ona ot eiapll qua.,t,i.Oll8 

nre the f'o llowing:1 • • !~ _, 

Do you da:, dream f:requentlJ? 
' 

Do you pn~er to associate \'fl. th people ao ~;.101aiaer t~ -f!t~' 
• . - · . ~ •. .;-P~⇒:f.it 

Do you oonaldsr yowaelt a rather 11;1rn• , .... ,.. -;'C'':\·):·· . } - -. ' 
- ,_ ~ ~,._ I 

Are 7ou incllDod. to 1twl7 the moti vea rif otb~ peop'le'· wefulJlf~· 
I I • ,. ,, 

f 
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TABLE: 7 

ASSOCIATION Blli'rl/T.llEN EJW!Ilm:'.S' JUDG!f'sm.'S OF CERT~ PERSONALITY . i 
·'-

TRAlTS .~m SUCCESS OR FAIUIRE IN N.\VAL AVIATION TRAINING 

I>, e I ,ta 
•✓ 

... ! 
, ... 

fM I ... ... ! 1'2 II I ! ... ii 0 il 0. ... i ~ g ... ~i'" Tost e Td ft ti 0 .,. 
.QJ ID ,3 CM ~ 0 g. ... .:i 0 ~ g~ !; ,e ...t ! ...t II ri I ... 0 t' 

.&.?i I i ~~ !!::i 8~ ! .ti; 
nheritwioe A G, F, P 511 1.63 o.46 0.05 0,00 
nhorit11naa B Cl, U 439 9.20 (10)·3 0.15 0.01 
nheritance -A+:B G, (F, P, U) 952 6.65 3(10)·3 0,08 o.oo 
m•irolllll8nt A G, (F, P) 520 8,08 0.02 0.13 0.01 
vironment B. G, U 439 15,20 I (10 -5 0.19 0.02 

nviromnent A♦B G, (F, P) 959 14,63 7~10 -5 0,12 0.01 
esire to fly l A S, l.1 1 I' 519 64,92 8 10 -15 0.30 0.05 
eire to fly .' - B S, II, I 439 107.37 llo •.23 0,42. 0.10 

eaire to fly , B S, (ll, I~ 439 87.86 10 -21 0.45. 0.11-
' 
/ sire to fly -• A+-B S, (U, I 966 139.48 (10 -32 0.38. o.oa 

·'ducat ion 

! 
A G, H, A, C 516 40,31 (10 _, ' 0,21 0.02 

1duoat1on B G, H, A, C 445 48,76 (10 -10 0.25 0.03 
ducation B H, (A, 0) 3T5 3,53 0.03 17 0,03 o.oo 
ducatiotl I A+B G1 H, A, 0 961 11,86 

(101· 
0,22 0.02 

ueation , 
Al-B G (H, A, 0) 961 • 55.15 (10 -14 0,24 0.03 

•ducation A+B H, A, 0 796 23,53 T(l0 -6 0,14 0,01 
ducation AtB H, (A, 0) 796 15,15 4(10 -5 0,14 0.01 
ducation AtB H, A sos 2.58 o.os 0.06 o.oo 
ucation A+B A, 0 5-02 11.85 3(l0i•4 0,15 0.01 

ducation B (C, A), U 439 20.13 5(10 -6 0,21 0.02 
ducat:l.on B_ o, u 439 ll,91 3(10 -4 0.21 .• 0:02 
onion B A1 I, lil 440 6.27 0.01 0,1(:i" 0.01 

ivorsion B A, U 441 6,08 1(10)83 0.12 0.01 
tional •tatwa ,A N, I, E 4'10 1.90 0,40 0.05 • o.oo 

otional ooatrol A G, F, P, U 519 6.53 0.09 0.09 o.oo 
tability 1 A G, u, P 519 5.33 0.04 o.o; o.oo 
tability A o, p Tl 6,48 5(lo)•3 • 0.30.,:. 9.05 

eseion A G, u, P 519 1.06 0,50 0,04 o.oo 
• eseion A o, p 148 1.02 o.16 •0,08 o.oo 

;t;tention A 0 1 U, L 519 1.53 0.50 . 0.05 o.oo 
:ttontion A G1 L 92 2.73 0.05 0.11 0.02 
;t;tentivonesa B G, F, P 231 0.05 0.50 0,04 o.oo 
elf-confidence A H, u, L 519 0,14 0,40 0.03 o.oo 
oli'•coni'idenoo A H, L 65 1,81 0.22 0,14 0.01 
aponeibili ty } A G, U, L 519 'l,09 0.03 0,l(f 0.01 
aponsibility A G, L 43 5,54 c10r3 0,34. 0.01 

rankneH A ,, u 519 0.95 0.61 •0,04 o.oo 
oneion A 'l', u 519 3,87 0.02 0.09 o.oo 

turity A I, U 519 o.oos o.4a· o.OQ o.oo 
otion time A G, S 142 0,16 0.35 0,03 o.oo 

ver-oautiousnoas A o, u 519 1,49 o.u 0.05 o.oo 
oure.ge A G, u. L 519 5.91 0.05 0.09 o.oo 

A G• (Q, P) 131 4,'16 0.02 0.19 0.02 ·' cure.go ,-!' 

tal atatu B JI, s 436_ 0.002 0.52 o.oo o.oo 
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Have you ever had spells of dizsineae! 

Do you ueually prefer to 111'0rk with othera? 

To eaoh question the subjacit oan amnNr yea (Yh no (N), doubtful {?), 
or omit the anawar (0). An 1.Ulllwar Y or N to moat ot thea,, questions is 
logioally meaninglaas, but it would be rash to prasuppoee that the aubjeots • 
11J11WBr1 are determined solely by tactual and logical OO?l$iderations. 

Bernrauter formulated some soori:ng devices whioh acll,nplllly the teet. 
Some of them give eetimatee of what he oalls •neurotio tendenoiee,n Bl-NJ 
othen or what some oall "orippllnB eelf-aui'fioienoy,"" B2-Ss still othere 
of what ha cialla "introversion," B3-I; "dominanoo," B4-D; or "aeli'-oonf'i­
denoa," fl-C, Thie writer took the data presented in Dr, Kellum'e report, 
a.nd sli>jeoted ea.oh to the treatment indiaated below. 

In reepect to the tro.it cialled "neurotici tandenoies ,'1 Bl-N, and "crip­
pling self•euffioienoy,n B2-5, Paareon's Chi-square test r.or homogeneity 
u between passers and i'ailers 11 satisfied ,lithin the li,llit P - 0.70 and 
o.80, respootively. Since. thia test ie more seneitive th:m the test or. 
reliability of differenoe between means, I did not ,a1iply -~he latter. 

In reepeot to the trait called "1ntroveraion," B3•I, the results may 
be ewumarised in Table 8, The criterion olasees are aa folloW111 

5. Passed without extra time 

6. Paaeed w1 th not more than 9 houn 
.extra time 

1. Passed \<Ji.th more than 9 houre oxtra 
time 

a. Paeeed after being turned ba.ok or 
repeatiDS part of the oou:ree 

9. f,ailed 

9 

23 

4 

9 

z; 

individuale 

.. 

In Tables 8, 9, am 10, ea.oh d1 fferenoa between mean saoras en the 
Bernrauter teat is taken with the moan score belonging to the olase denoted 
by the columnar headillg ae minuend1 and the ole.1111 denoted by row heading u 
subtrahend. The upper number denotes tho ditferenee in this sense, the lowi,r 
number de,notea the probability of so large a directional di f'ferenoe oociurring 
by obmee. 

Table 8 eh011& that thtt soore for introvereion does not diutinguil!h $11J 

of ~see claeaes f'rom any other within the otandard P .._ 0,01. The differenae 
between the mean score for class 7 (paused ·.11th more than 9 houri of extn. 
time) a.rd olass 9 (failed) looks interesting but ainoe cl.Eias 7 included only 

• 
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• Introversion - B3-I 

Ditfareaoa·between moan acore11 (upper entrr) and 
probability of the difference ooou:rring by ahanoe 
(lo1111:1r entry) betmian members of the vario1.111 prog­
ress olasee,. 

Criterion olaase1 

Criterion 5 6 1 8 
olassee 

.6 -15.43 - -,73 

'I 19.44 34.87 - -
.13 ,08 

8 -16.67 -1.24 -36.11 ,,. 

• '13 .O'l .10 

9 •21.48 -6.0S -40.92 •4.81 
.07 .32 .o, .39 

4 etudente, one had better not trust appeara.nooe. 1'h1s olaes, however, 
does tend by every test to dl.stinsuish lt11elf from the other11, except; • 
olasa 5 -- alllloet ritb1D reliability stMdarde. 

'l'bis writer caused the rat.urns for ee.ch subject to be scored tor 
"dominance," 134-D. The results are etllll!llAl'iHI! ill Table 9. 

TABIE 9 

DollliDanoe - B4-D 

Difference betlTI!len mean score11 (upper entry) and 
probability of the dif'feronoe ooou:tring by chance 
(lower entry) bmeen members of the variow, prog­
ress ola111ee. 

Or:l.terlon 
olaa1e1 

6 

1 

8 

Criterion ola■eee 
5 6 

9,26 
0.30 

.34.64 -43,92 
.30 .04 

17.89 8.61 
.60 .38 

7.19 -2.09 
,34 .14 

7 8 

~ -
- -
52.53 

. 06 
.. 

41.83 -20.70 
.04 .35 



Tabla 9 1how1 ,that t.iu, eooro fer domizlw1oe 1 B4•D, doee nO'\ distin­
pis!} anJ ol&1H of' students i'rom any other, within the limits which are 
ooually accepted u relii,,bility standard11o A near exception 1a olaae 7, 
which we have 111\lrlt.:l.on.ed before. 

-'l.'he writer alee had the records aoored for •aelf-oonfidenoe,• rl-o. 
The reeults appear 1n Table 10. 

TABIE 10 

Cont1denoe - ~l•O 

Difference between mean scGl'ea (upper en\rr) and. 
probability of the difference occurring bi ohanoe 
( lov0r entcy) betvreen me:tber11 of tM Tllrioue pmg­
ree I olaaee11, 

Or1ter1on ol.aseea 

Critu·ion s 6 'f 8 
0J.aa11,;,e 

6 -19.91 - -.2$ 

1 64.19 84.10 - • 
.07 .oz 

8 -23.23 -3.32 -87.42 -.29 .47 .os 
-13,04 6.87 -11.23 10.2, 

.32 .39 .03 .40 

'l.'he teet 110,:ire11 do not dilrtiuguieh all,J' criterion 0111111 f'rGlll an:, other 
within the ueual Ulllit P - 0,01. The dli'f'ercu11es bet- the insane for 
clasa 7 11.nd ole.."?!'llllil 5, 61 8, and 9 woul,d be 111ua;estive • 1r olaas 7 oonta:l.ned. 
IIIUJ memboJ'II, All probability rules booomo d.oubtfl,al when the olu11 popula• 
tion ia ae low aa 4 •. ' 

The report of Dr. Ksllum oovoring th• period January 2 - February 15, 
1940, contains it oomparieon of the Hores of 26 pa.seen mid Jl railers on 
Barnreuter'e teet Bl•N, "neurotic tenlano1ua.• The data wen llllld• avail• 
able in a f:or111 whiah psrmitt.od the writer to apply Pei!U'11on•s teat tor 
homogeneity. The reeul'lur Bhowe4 that passers and f'nllera aan be ragardet 
by rear.on• B ate.ndarii a.1 having been drawn from· the 111.llll pa.rent poplllat ion 
b7 the afll!III r,ampling prooedure, the probe.biliV or the tisonpenah■ being 
jointly due to eluuloe being of the order of 0.70. 



' . 

The a!lll\8 report present~ a comparioon of the scores on Bernreuter'a 
teat for ~orippling aelf•suffio:!.,.moy," Tl:?~s, of 26 paaeen and 32 failera. 
Ae;l.d.11 the results ehowed that tha two groups can be regarded as havi.!lg 
been drawn from tha same, pt.U"ant popula.tiim by the same sampling prooaduro, 
the probability of the diacrepenciea boinr, jointly due to chance axoeeding 
o,ao. 

Here the preaant writor tenders sol!lO rema:rka of hie own, Barnrautar•s 
teat, like Sti.ong' 1:1 inte1re11t b~r.k, •~0odworth and \'fella• ·neurotic inven• 
tory, end many other personality testn, requiNs the aubjGot to retarn 
oategoric,~l e.newers to ambiguous que.it:Lona o 

Suoh a demt.t,nd is bound to often~ e 1ubj~at if he conoider~ the queeft 
tion logioolly, ror he 11:nowe that ~inoe ~he question is logically meaning~ 
leH, any ani.wor that he me.y c.\ vo may mia1ead the reader, A.a E. ,., • Be:;.1 
ret::iarks2 if anyone :refuses to an&wer eneh 11. que11tton in the terms in m1i.ih 
it is stated,, hifl rofuo&l coWltl! for a 1da'lake I 1 f he nit 1irn11 any anewer 
in such teni:e • his anerrnr ie wrong,, 'fi',sre is no provision in the rating 
soh8mo for cr&diting any intoll:i.gon~e t," 11n individual ffl'!o rofuses to 
participate in o. non~em.d.oal gamih lirr.-r:i the fuct • ho·ueve::-, that al.tr.oat 
all these cadets, and n◊arly e.11 th~, offico:rv wl'.lo are eubJ G(l,ted to these 
queetionooiro;o do z-eturl:l cate&0ri<Y.1.l a,i;i;rJrti to 1,l!lst of tha c,.uesti.cms, we 
havo to "treat the:l.r a.r.sw~:r-3 /J3 r,;;,r,-loe;.1 ,al, as b;iil'.lg rott:.rneca in a spirit 
of rezolut1-:in to oonfor.:.1 li' pondbL,, ~.,l oJ) exp1·eiisi!'l6 acrui vague emot:ton~J. 
a.tt:1.tudGs wh!,(lh are hat•d if not l;:,:.1os:!1ul<'r l;Q <h.!iorib&. Tile i'6cot that tlle 
stllllll subjects l'.!'tul:'n f1;.irly co,1.1',ti'i.<l:"l~ t,nai,er::i ,;,,t ~11dely cept1.t"ll.ted datos 
ie most inwrellt.in~ but it pr.;·:0c.: u•·~::L,,; ,ue.:spt that ~hi! test eitu.1t.ion 
seems !;o give ri1Je to attit'.il'.'J.n~.: r.?.1):,\fl, ;;,►,ieh t<1n1 tQ be rainntated when 
the t.eet aitita'.;:lon ia rv:J.t~odtt.::,,,,.l~ J,z~t. QC B. "t£P-.{\oaoy t:tVi'fl.l,.d, an error in 
perception or ,jacle;r.Mnt my oec•,;r,,:, ,.ccl,1.l,:ial, as 17~11 e.11 timc\er,oy towi>t'd 
aoour~te jud(.!monts • 30 do tllo~"'l ~n.idv"d.<,;; tsco«.'<! liabitua1 ~bo. It is 
a t11.et that in tho 1n,'!l.t,iatioal 11<m0<1, ,;,q;'£' ,:;:.> .. e~ioMO.b-e r,riurn11, h!llve a 
high repetitiva reliabiiit.y« It ,;._,.~ ditr'-,·.:·rblr..,1 t-1lfl.t ~obod:,f e;vmua b:> 3:::c0w 
hO'S to 1.nt\3?:11''Ut it. 

Dr .. Kcllt.{;·11 and }1:lo .-:oll:iitl-1.~·.1:·:? ;,,:,.:·',,. ,~'fJC·~ r-1,!t of 

70 s:lbjec·:.e, toget!,er r;:;.-t',, n;;,H1·f:; ,.: t:, ~,,,' iie<n'oll 
B'"(•-• • ''"!'( ., .,. • r 1y•.1.1 tlow.uo.nce), ri:v~ 1: .,.. .... , r,-3 \..: ~-·::, '",1.~ .. ~ ....... Y,::u,l 1 .., .;r,.o, 

ladieu1 repo:·~1d th1,'l dr.,,t::i i·D 1S'~t~:.i: :.1~ 

!;;,o fl l r?:t grc_dos , :f 
oa n3~x {intr:nec-d.<m), 
r,f llJY G\J!.':l.o ~nnte, CTlor:l.c. 

Th.g onlf Uiff•.;n:~ont'!.::~lo~1 ·.:! ':-cF t:: 1.:.Jt,'tce.-t.hle llos in ths ')CO" on 
B4-D which i$ ,~Ort"t"llat1;;tl ~c. ~dJ ·,i,t: 1.~ ;; 11·':• t::i·t:_cl_,, 1"1ltt~ O:>~Pfieiont tJ'-.~l~~,. 
fled a atam,!111::,l of roli ,.t,:1 litJ ,1, ~~ , ,. i ,., ;;,,,;,~ f,:vo1.rtif,,,yo1·a though not 
othora. Ho·•,rot;t!<;r, i~ l"\:n:~1 ti~ t~.· .. c,::: 1.~,_·.1-~·<: :;,, ~.-;,~1 .fi?•.'.lt:i Eernro.utt1r•m o .. ~1ect1 .. "~ 
tio>:r.. One r·;..~::~01; f.or C,!1 1) le,-:-; r!·•'.t''l"" • .. :.'.: 1 '- !'_ r·ny ::.JQ in th~ ct1~f·::totor n.:r~d 
tha sprend of t.ho .f.lir):t• .. ,~~·r,.•51JN ~ : ... ::·,;,. ~ ;r, i,lt~i+~u:gh tb(~ &\7t:.7"'ag,1 braces 
e,:re- tl;<pt•f.aarh~ hy ~~'l-1.t·~e-"'<-.>lr.i~c--e. .::J~',~·>,:P•.~ ., \; ,•,:.-~1·t.J•::,;,.,.~;,, ·tl-i<:,J!< rtuo1br-jre 0x·~ 
avtu:~gea of' rli.t1;1i•ere r;btvn -e . .1.~e :•+:.~··,~~ .;: ·,.i.., r:.0 1,li~!r.l~ not ct:-..l·'.:Vi .. 1w:t. 1 and 
~,bich a.rH uthtt::. :jr_:.~ to ,-~-; irv-v~,;~~;;.-:;_t~, i.•1 ~:;,, t;tt>J{<ivl CJ.1..~t"' l'$',t:. stnnd~d 



, 1'Afl r...i;; ll. 

Correlation between flight r:.-rade11 of TO eubJaot11 Md 
their acores on 8el"r!l'eu.t'er's tests indicated bolaw 

Correktion Predictive 
J!aan Stan.do.rd with flight value of 

Im aoort i!eyiatlon ,1i;me teat 

B)MI (Introversion) -;7.8 44.0 o.o4 o.oo. 

B4-D (Dominanoe) 74.2 52.9 -0.18 0.02 

Fl•O (Self-confidence) .75.0 84.6 , 0.13 0.01· 

deviation is of. the order of 0,.132 whi-ch is abol4 4.6 per cent; of tho 
avorago. Renee• honor stud.ont3 9 crdimcy 11tudont11 11 and falling studenta 
tend to receive nearly th~ earue average flight-grade. However, einoe 
Bornreuter'e taet scores do not oorrala.te apprec1Ably \'11th any other crt• 
terion of final perf'ormr.noe or eoonom;f in low-Ding, perhapa ,re neod not • 
worry about their feeblo and uncertain correlation nth e. variable whloh 
is so nearly cor.atalli as avorae;e flight-grad11. 

Item analy1i11 ot Bornreuter'e teo1i 

,le have eoen that Bernreuter's pl'lreonality inventory did not distin­
guish paHers from failers 1 or va.-:1.ous cla11ses of pa1111ers from each other, 
or stw!.ente having dii'.ferem nvern.&es ot fli&liht gra.deth (The last 1nent1one4 
t'ai.lure, hoaver, 111 probably dua to the i'aot that the fl:l.:;ht grades vary 
but little i'rlJll one student to ano';hor, and do not in themselvea distinguish 
passers f'rom t'ailare .e.t all well.) B11t certain other evidence, which I eball 
not dieo111s in thia repo~, convinced me that whother Bernreuter•s inventory 
ie scored aocording to Bernreut,n-'s rules or Flamgan'o, no trait has yet 
been arbitrarily defined by BeMU"outer'e test scores that will bo U8e[ully 
oorrelnted .iith an, ouch vt1.r:l.ables as final euooea11, e:r.tra time, and other 
1ndioee of extra oost in training, progress in o. GS.van ata5a, !Ind the 1:1.Jm. 
The intere1ted reador lll!IJ test the tactual truth of this oonviot1on for h:l.m• 
eelt. At the present ti111e, properly al.tthorisod persona can get the raw Uta 
for compilation by applying through proper ohllmlels. 

Sinoe the us1111.l procod\ll'e oeel:!8d to 'be unpromising, I deo1dad to oorre• 
late each of the 125 itellllS 117.1.th the pus or tail oriterion1 to 1demit'y an4 
oount those :l.telllS which have lleoful predictivo v1.lueJ to detel'lldne by us1ng 
Pearson's x2- test of good.noes of i'it to the ideal diotribut.1on 'lrtu•ther the 
number of uaaful it911l9 e:xoeod tho nlllllbar demanded by aha.me; and to 1111• 
whether so)!I& mode of oombinini tho valuable items could be found to mxi­
miae their predictive value ae a battery or .set. 



In c a:iaii:.ering eaoh itom, the first 11tGp '1111.lll to count separately 
the pa11oers and fail.era who recorded "Yes," "Ho,• ltOoubttul. 1 " or who 
"Oi:.'1tted anl!W9r." The neJl:t step iras to calculate the oorrespol'l(!j.ng num-­
bsra demanded b:, the independenoy hypothesis, ueing the lll&thod ascribed 
in Ynle and Kendall's "Introduotion to the theocy ot etatistics," 11th 
edition, oection 22.16, and obtain tile value ot itlt and the corresponding 
probability P oi' the diaorepa.noios between census and expeota.tion being 
due to obanoe. 'l."na rosulte .rore :reporl;od to the Committee 20 December 
1940, and a aupplomontary report es eent in '7 J'anWU')' 1'}41. Itl a wont, 
w round by count nine items wbiah yielded values of ic2 as great u 9.24 
or gt'!latar, whereas the indepemenoy hypotbasis allo• fewer than one 
ite111.3 The probability is negligibly lllllllll that the e:a:ces's ot 9 1111eful. 
items is due to Cha.nee. 11.t least soma of·thsm, and quite probably au, 
are f!'l!l'luina. 

The nine apparently useful itema are u listed belou along with the 
obtainod ·val.1.las or z"l., P, 'l', and E. Rare 'l' denotes Tsohuprors ooei'fioient 
of contingency, which ill the oloaeot approldrliltion to Pearson's c:oetficien:t 
of o arrelatio11 r betwen type of anDlfl!lr and auo91ss or failure that can be 
made in the clroll!IBt!lncea; while E ·, l - ~) l - '.I.I •'fllAY be regarded as the 
ooei'i'icient of efilllJ811eas oi' the item in sepal'll,ting pa.eeers i'.rom f!lile:1111, 

Item 111 Do ~ti?; to &tt your own n., even if ;you. have to fight tor 
it? x2 ,·11.86, P" 3(10)-J, 'l' • 0,14, E • 0.01. 

Item 181 Are you "touobJ" on various subjects? 
'l' • 0.12, E ,. 0,01. 

Item 441 Have books been more elierta.inin11: to you than oom:panioneT 
-sJ. "- 14,50, P,. 'T(lO)◄, T • 0.]5, E "' 0.01. • 

Item 501 .Do you usually tr-J to avoid argUl!lS1t■ T 'IJ. • 9.8'1, P • '7(10)•3, 
T • 0.l.3, E • 0.01. 

Item 63t If you are dining ou:li do you prefer to have some one else order 
4inner :for you? J. ., 9.92, P " '1(10)•3, 'l' • 0,13, E ,. 0.0l, 

Item 1041 Do your feelings alternate between 1!11.ppine11s and sadness 
without appa.reirt. reaso117 x2 : 9.25, P ,. 0.01, T • 0.12, lil • 0,01, 

Item ll31 It you are hilting With a grou;p of people, where none of 7011 
knew the •Y• would you probably let soms one elae take the full reaponei• 
billty f'or guiding the party? iJ. • 14.ll, P .. 9(10)•4, '1' 11 0,15, ll: 11 o.oi . 

.3'.rh1s value of 9.24 taken nith two degrees ot freedom, corresponds to a 
probabilitJ P _. 0,01 in favor of the disorepa.nciee being jointly due to ohance, 
We did not feel juetified in putting into a test battery any item for which P 
exoeeded 0.01, although BOl!le statisticians i.lii;;bt bave' done eo, 



Item ll51 Aro you often in a etate of exoitement7 
P • 5(10)•3, T • 0,17, E • 0,015. 

-..2 ,. 10.42, 

~tem 1221 Oan f!U bo optimi.etio when. otben aboU11 you are depr,e115ed? 
zZ ~ 10,28, P " 6(10) 3, T • 0.13, E • 0.01. · . . 

None of the■o iteme is important for it1 pro41otive Ya:bla when •it 
11 taken alone. N8Yertbeloeo, if we weight th• in the beet poeaiblo 
manner, th&:, yi11ld an unshl'unken and hardl.J rallablo IIIUltipl!I aorrelation 
of 0.35 with the pasa•tail criterl.on. 'l'hie eombination of, Bernrouter'■ 
iteme might therefore be UBBtul if 1t 1'18re put into a batter:, with iteme • 
of other kinda, taken t'rom other toeta. Rowvar, a better wa.:, of ha.ndlinS 
them wae available, wh1oh 11B shall deoor1ba 1n Part III of th1e report •• 

llea.mdlile, I reoOIIIIJlanded to the Oomnittee that the■e ite11111 or their 
equi:,alonte be' inoluded in soma nn biograph10ll.1 inventories which the 
Comdttee •• coneider1.ng for development. In miking thlo ~geet1on,­
ho11'ever1 I mentioned two reasone why one ebould reetraln one's expeota• • 
tione of the result■• The first reason ie the ftll known faot that in 
tho or:l.g:l.nal application of thia test, OIi.Oh of the valuable questiou 11 
presented in a context. It is quite probable, a.lt~th• tact ie still . 
unoartain, that. the oontext; partly determinea the '• anawere. If 
the queation ie pre1Bnl.ed in a new oontext, it■ p ive value 11181' be 
either inoreaesd or diadniehed, Quite often, it 111 shed. 

The eeoond reason tor adv:l.eing caution ii the 1111111ner in which the 
va.rlanoe betnon the aotual number and the expeoted number of various 
type■ of anawers to a given question is diatribu\ed ■mons the varl.ou■ cate­
goriH of reaponee. In the report dated 20 Deoember 1940, I ezhibited the 
evidence in detail. For e:u.mple, in respect to Item u 1 quoted a.bOV"e, 63 
eubjeot■ ou\ of 429 an■wered the question "?,• Of the f>3 doubter■, 29 
1netead of 41 were pueere, md 34 inetead of 22 were fallers. Henn, 
there is a. defiaienoy of 12 p&Her■ in this oa.tego17 and an· e:i.:cees of 12 
tailer■• The value of x2 in these two celle ie 3.51 and 6,55, re■peot:Lvely, 
m.king a. total of 10,06, or a.bout 85 per oent of the total var1anoe vitbin 
the ent:Ln, diltribut:l.on, In :t'aot All the remainder of the total w.r1anoe 
oan be attr1but,ed to ohanae. Thu■ this answer saned to differentiate 12 
per■o111 out ot 429, i.e., 2,8 per oert oll 11.ll the 1ubjeat1, and halt ot 
all whom the item differentiated. .\lthoua,i the una.l probability fo1'111111a.a 
imply tllat thi11 reeult 1e atatietioally dependable, ff& oould profitably 
review the question whether euoh 11. ai tua.tion as thi■ ie wholly inoluded 
'f.rithin the scope of the 111ual la.we ot probability. \'la cannot diaou■a the 
question 1n detail here for it belongs to theor:,. However, it. 11111y not 
ha.vo been finally eettled~ 



,. 
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PART Illa THE WST EFFECTIVE COMBINATION OF BIOGRAPHICAL INFO!UL\'l'lON 

'l'ha all8Tllrs tb Bernreuter'e questionnaire could be regarded 1111 bio­
graphioal information in the eenes that they purport to indioate some or 
the individual's likes-Md OJ.alikas, habits ot 1001al adjuatment, !mer-

- a1t1, eto, It 1a true, or courae, that sinoe many or the queetiona are 
111Aan:tngless or indefinite I ao 111U11t be the anllV81'8 it one consider,, thom 
from e. logical and faotu,.l point or viev, For example, oonaider question 
ll.51 "Are you often in a stat• of' exoitament?" Tha adverb "ottan" 11 
lll!lb1guotl8, for what one person mifjl t aall ottan, another might or might 
not1 while for the same person, one event that reourrad, say, 14 timea a 
week might eaem to reour orten while another event whioh raourred with 
the eame frequency might seem to raaur seldom, It 1e a Oftl'dinal prin• 
oiple of countine; that only those things or events should be counted to• 
gethor whioh are of· tho same ldad1 i.a,, those things or &Tents whioh 
qualify for inolu1ion in the 11ame olae,11. In th1■ instance we are not 
juetifiad in counting together two or more typloal anawera to such a 
question as this unless 178 disregard their meaning to the aubjeot and oon~ 
aider only their gl'Bllllll.tical similarity, Thie, in faot I is what the in­
ventors of' such tests as these instruct ua to do. And nothing 1n the 
answers which th-.. subjeot returns will tell ue \\bather ha 1e trying to 
describe himself' as he believes himself to be, or ae ha would like to be 
or as he wuld like to appear to an onlooker. We know, of' couree, that 
ht■ intent halpo determine hie ar18'.11en. 

However, '.~e oan take the anawers to the ditterentiat:l.ng question, u 
primitive facts, and combine than in the most effective manner with other 
it9111a of' biographiaal information, some oi' c.tlioh are more objective than 
thi11. 

Suoh information 'llaB colleotad in whole or in part on the following 
ole.oae,1 Bo-o, 81-c:, 82-c:, 83-c:, 86-c:, 87-c, 88-o, 89-0 1 and 90-E. The 
terminal letter• o, c, and E, denote the maka•up of-.the olae,e, a, Ot't'ioara, 
Cad.eta, or Enlisted men, raapeotiwly. The several 't'ariablea aonaidered 
nre aompiled from the records of' tha station by Mary L. Boote, Research 
Associate, and Oscar Baokstrom1 Jr., RHearoh As1istant, under the iDmle• 
die.ta direotion of Mr11. Boots."' The variables used were as t'ollon1 

05 P/P' 
06) TT 
07) 

Ultimate suooe11B or failure in the oourae. 
Total time spent in training. ExoeH pe.eean­
gar and instrument unit t:l.me not inaluded, 

4r muat say here that this part of' th'e work must be done impeooably 
or all which follows it is infected with unoerte.inty. The records of 
every flight had to be carefully atudied, an-i supplemented by recordll 
from at least five other souroeu, Some of the original records nre self'• 
oontre.dictory and several olasseE1 of data had to be disoarded for thia 
reason, · The olassa11 of de.ta that ware retailll9d are unllJ!lbiguoua and de­
pendable. Thia phase of the program cannot be entruated to novioee or 
mare q_larka " 

I 

-. 
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08 'l'h'T 

09 TJilCT 

10 TIJDT 
11 Tille 
12 TA 
13 TV 
14 TNA 
l5 st.age 

16) Peo!l:he.m 

ili 
19 Navig,. 

20 GSC 
21 Age 
22 £duo, 
23 M,lnt, 
24 Pr.LI.Exp, 
25 Ath, 
26 Relig, 
27 Des.Fly 
28 Hered, 
29 Env, 
30 llaJ.Oo, 
31 Empl,3oh,. 
32 Pr,A,'l'r, 
33 FitneH 
34 Bem.ll 
35 Bern.l.8 
36 Bern.44 
37 Bem,50 
38 Bem.63 
39 Bem. :i.04 
40 Bem,:.13 
41 Bem.:.15 
42. Bem,\22 
43 Bem,l.llH 
44 Bem,il2S 
4,S Bem.l34D 
46 llore;a::i 
47 ET l~A 

tbru 
'19 
8o ECT l-A 

thru 
94 

Tcttil e1t1•~i tirn~ ~ •• ~_,11"0..:1 --.11.W!flt¾ oo'tar"S10 ~t 
tl'\\id.ng,. i 

·rotnl ex.tr" aha<ll< tir~e (s1ient in tllk:!.ng axtn 
aheoka ). 

TOtal ueed dua.l t :\uM in ciour111!,, 

Total. numbu• of ext"1 oheoks in course, 
Totul ac.oid•mte in course. 
Total viol!!.ticm11 in ellurse, 
Tota.\ netU'-aocidonte in oourseo 
stage in 1111ioh dropped fo1• f'e.ilere in courae, 
or if' ::1ot di'opped with uncompleted slie.i;e 1 lut 
completed stace oodsd., Passers all the 11811180 

Pookham score devised by HllJ and RHP, aooord1ng 
to numb8r or "u.pff or "da.-n" oheoka, 

NIJlllbar 01· -tJ.me navi1;at1on oourae wa.a failed 
:!.n !);ro\llld aahool. 

N111nber or ground aohool aoureee tailed. 
Student.'s age at beginning of couraa. 
Eduaat1on c,f student 11.t time pf entering, 
ll!ljor interest or field in oollege, 
Previoue military eXperiM111e0 

Athlatiu pnrticipat:!.on. 
ReligiOA, 
DBE ire t« :fly• 
Heredity. 
En Yi:ronme ltf; , 

I 

Most reeont prior major gainflll ocioupatioDII. 
Employir.ent during eOhool yee.ra, 
Previoua tre.ining in a.eronautioa. 
Fitnaua, eza.miner's judginent of. 
Bernreu.ter Question No, 11, 
Bernrauter Question No. 18, 
Barnreuter Question No. 44. 
Bernreuter Queation No. ,so. 
Bemreuter Queetion No. 63. 
Bernreuter Question No. 104. 
Bernrsuter Que■tion No, ll3. 
Bernreuter Que 11tio11 No. 11,5'. 
Bernreuter Question No. 122, 
Bernreutor BlN dif'ferenoe soore, 
Bemreut er· B2S d1 fferellO e so oro, 
Bernreuller B4D differenoe ■oore, 
llorgan ecorea. 
Extra tima, Squadron I, Stage A, and a,o on 

tor every stage of every squadron to total 
111110ullt of extra time for Squadron V. 

Extra csheck time, Squadron I, Stage A, and so on 
for every stage of every •ciuadron to total 
amount of extra cheok time tor Squadron III. 

, 



95 i.11.\I' J.aA 
f;m-u 
ua 
119 EO l~A 
thrll 
149 
lSO Al 
·thnl 
]54 
1$5 V 1 
·thl"!.1 

159 
160 NA l 
tbru 
164 
16, l>'l' 5-A=3 

!J(ied ci.u,,,J. t:l.Et•, ;Jqua.drc n I• :.ltuga A, o.nd po on 
f\;l:' ev~:·v ,rtac;o ,af 0.-1,17 cqu:tdrcm to total 
"m:>un:t ol uuod dw:.l t itm for Jquadron IV. 

ilumber uf el[l;ra o!ieolto Squat\!"01: I, Stage A, and 
so 011 for o,;ery stage or avsry squadron to 
toto.l nunllor of axtrr, aheolw for ::lq11$.dron V • 

Aooiden·tu in Sq\11.l,drOne I thru v. 

Vi ":,.at :l.011!1 in Gquadrollll I t;hru 'le 

Near-a.onidonts in Squadron11 I thro,1, v. 

Extra time in Sqtlll.dl"On VI Stat,"8 A-3. 
(Should properly ho.ve been in 73, and all 
othora follwed frO!ll thero on as abov11.) 

Thone items varo oodod at Tulane Univ$rsity under cry immod:l.e.te di~ 
reot ion, to be ;:nmchecl into Hollerith oarda, first of all w1 th a view to 
combining all the items wh:loh could be used 1n predicting ultimate pe.oe1ng 
or failing before the record wae complete. Some of the items contoiu in­
foruntion that 111 intrinsically non•quantitatiYeo For ox=p:Ce, ite:.1 26 
(Relic;ion) 1a tho rel1cion miioh tho student r.iantionod aa his a,rn, The.ie 
unswero were olaoaified ae j erioh orthodox, jewieh non•orthodox etri ot, 
jowi11h passive, aatholio strict, oatholio non•striot but aotive (thie 
claao wno o:c,pty), ont_holio passive, 11to. Obviousiy there 1.e no wny of 
arranc1nc thoao cloeaee in linelll'" ord11r with reapeot to "dee;reo of !'one~ 
io11ity," or ,litb reepeot to any other .Jharaoteristio that gives rise to 
a rectilinear series. For oumple, a strict protestant mia}tt resemble • 
a striot ontho11o or a striot but non•orthodox jew more oloe11ly than he 
·would reee1c,blo a passive p1-otostarrt in ao tar ae his· attitude toward re·· 
ligious ill8uee rn11y be oonoerned. Likewise a ~:isive or noru.nal oatholio 
might NJoemllle a paeaive or nc.ciiruil protestant or a pe.ssive jtiw more 
i::loasly than he would rescimble a strict oatholia. However, we did not pre~ 
judge this question. Taking a:1.1 aategorie11 sep,,.rat11ly, n followed the coding 
procedure 01' .:deorton Md Wherry. l"irat, we took the ro.tio of po.eaor11 to 
total membership in eaah rQUc;ion eroup. From each of theao r:::·tios we 
eubtraoted ~he mialleet ratio in the series, thus transferring the o,rbi-
tre.ry origin ta tho religion class which gave the 11r.iall11Bt ratio, Next, 
we div11ad theaa l'llfll!l,il'\de,rs by tha larr;eat ratio, and r1ultipliod tho quo• • 
t ient s by 9 • rounding off to th~ nenrellt whole nwnber • This procedure 
ci-VH th& !Jl'Obability of pna11ingt moa11ur11d fr(l]J an arbitrary Ol'igin, in 
arbitrary uni to fer eaah religion oat e,gory, l'he n11ll!bere which azpreos 
thia result are then 0Grrel11ted with the paes-fe.il criterion according to 
the usual rearoon:l.an fo:r11r.:la, The tld.vam;aga of choosing an arbitrnr;r or1,, 
gin and an arbitrary un.tt in this manner 1:1.ea in the fact thllt tho reeult& 
acn be oxpreosecl. in numbere o:f' one dic;it end thus llimpllty 0od:l.ng1 and 
that the110 numbera ara cardinal. 

It ia unnece1111ary to uur :I.Dr.lad:l.ate purpoae to 11peoify the weight• 
<lhich belong to the varioue religion olaoeaa1 th11::, have been made knoirn 
to the proper authoi:-itie11. 



,. 

On the Validity of iihen;r's weighting•procedur-5 

Certain triondly oritioa have. questioned whether 1~ 1JJA1 not be 
illicit to uee '1/herey'a procedure tor deriving the nighte ueigned to 
non•meaeurable variablee in a 111\lltiple regression equation, and to ueo 
the same weights tor determining the cootficient R ot multiple oorrela.­
tion between the ·oombination of weighted teat•itema and the trait to 'ba 
predioted, whieh in this inete.nee is the probability of passing the 
arlatiooal training couraei. 

I also he.6 a similar mieglrlng betore I had analysed the problem, 
but ot course reaolwd it before we adopted the method. 

There is only"one t'unotion for any coefficient of oorrelAtion to-per­
form. That function ia to aid in deaaription. Ita· aaopa ii limited by 
the impliaat1ons of the detining•equation 

R2,. (a2, - a2-,)/iZ-, 
in which o21 is the variance between the N measured value■ or Y and their 
oommon mean f, while 12,, 1■ their vari111100 from their values oaloulated 
from a regreesion•equat1on. In this sp,ecial example the equation has the 
form 

in llhioh X1, Xi, •·•••• Xn are the swjeot's scores in·the n different 
testing trait■,. and B1, B2, ••• Bn are the eeveral weighting•fa.ct ors. 
These weif!tlte f,,.re ao ohoaen as _to render a2y a minimum (for aft1 equation 
of the s8.11111 fo,,n a.a thie), end therebl to render a2 a mxim11111. If the 
weights are improperly ohosen, then •"'y ia not minimi1ed, and R2 could 
be enlarged if a better woight1ng•procedur8 were emplo1ed. The usual 
method or deri·ting the proper weighting taetore be61-na with the caloula• 
tion aclely aa an intel'llllldiate step of the "partial" ooetfichnt of oor­
relation betwe;,>1 ea.oh teet1ng trait and the trait to be tested. rrom 
these n x (n • 1) partial ooeffioleonts tha veights tor' each teat item 
my be derived, Thie procedure like '.Vharcy!a, millimiaea the varianoe 
s7 and max1m:l.zas R. But Binae R ill used only to expre&1 the shrinkage 
of variance an(, therefore the shrinkage of standard error between teet• 
prediction and the outcome of training, it rr.altee no dii'fereme by what 
procsedure thee(, wei!!1].ta are derived, so long as they minimiae the varianoo. 
Thie var:l.ance•1uinimizing ocmbination of weight1, however derived, is 
unique a i.e.• every B•i'actor obtained by one varia.noe•minimizing method 
has the same Vl'<lue that 1.t ·,10uld have 1f it were obtained by !lily other. 
Dr~ llherry has presented an algebt'.8.ic proof that hie weighting prooedlll'El 
minimiaea the "1EU1.anoe, Therefore it is interohe.ngeable with the usual 
proc ed t.re • 

'Author'u note insorted in 1943, 



Certain crit1011 que11t:l.on•d• asoond., ,theth1n· the waight11 which belo,aa. 
in th.le regression 11qua.tion yould probably 1hrink if the equation nro uaed 
on uother sample of student.a 11eleoted by the 1111.111e sampling procedure trOlfl. 
the l!1lll!EI p11rent,-poplllatlon. This objection ill ii·relevut to tmy uses of 
the infonnation that 'ft proposed to make+ Ou:r principal aim wa11 to ehO'lf 
whll.t can be done nth this type of mate:rial. If it 'ffl!re decided to uee 
the questionnaire without. alte:ration .,. and it wa11 not -- we would han 
undertaken to build up a continuing expe:rieno...,tabb, euch as life•ineur-­
a.n1111 companies build up and auob as both our armed f'<'.ll'OH and the CM have 
since been constructing, ln so doir.g, ·.111 ohooee a s;;1t of tests 'Ghioh prove 
to have a ueefully high prediot1vo value in Ontl 1!11.lJl'Ulf n administer the 
same tests to a. second ll!llllple1 we compute a nff ragression-equs.tion for 
the second 1111.11iple; we test tha two awnplea for homogeneity 1n respect to 
the crUer1on•tnut; we co:rreot if necesaar:, for la.olt cf· homogeneity and 
tl'Or'lt out a third regr&1111on-aquat1on for the two eu;plee combined1 fl 10 
proceed until _the expanded experience-table haf! beam,e etablef blZt we do 
not oease to experirneDt as our "experlenq,e" is late1· enlarged. 

It usually happens that u the si:ae of the &&lllfle, or the e11.111plse of 
aamplea, incroaaea, tile predictive value ot the tea~.-batteey ehrlnklt, be,-• 
cause none of· the indl.rldua.l samples perfectly repr. aents the parant•popu-­
lation. However, a.a Dr, Wherry baa pointed 01.tt, a.1·. theae ooetUciem.11. 
and the \Yeigh\s derived from thS111, have been pre•ah.:'1Ulken by a formula in• 
tended to oorreot for u unoerta1nty that attend.a the introduction of ner, 

_ new testing trait into the ba.tter:,. Fo:r when we include another ten 1ng 
trait, 111'11 produce two ohangee, First• rre eliminate that pe,1-t of the total 
var11111ce that roaults from our aaaumption that the II-weight approprla'lle to 
the nn testing trait ie •really" •ero. (we presuppose this val~• it we 
disregard the tost•ltem.) But while mi are eliminating this part of the 
varimoe we are othsmse adding to it, for the inolueion of ever, new 
t.est increases tho variance due to uncertainties of S8111Jlling, since none 
of the teat-item weie:,ita la perfectly determined tor the uole p0pult.Uon 
in the limited saiqple tlat we haTe. Wherry's procedure ne designed to 
be.lanoe the known reduation of Tar:l.anoe from the one aouroe against its 
moat probable inorease from another source. It require11 ons to daaiat 
t'rom adding more test.a when the t1110 effeota btOll.lllG equal, If the formula 
were perfeet, then as the sample-population gro'IV'I, the values or° each of 
these wei!!,tting faoto:re and of the oorrelaticn•ooeffio,ient R would be just 
es likely to ■well as to ahrink, It is not urged that the formula is per• 
fe~ 1 although it remains to be shol!Il that a better· formula has yet been 
devised. Since, hOll'llver, it 1lil'U not proposed. to wplo:, the tests 1ft the 
manner which their ·critic desorlbed, the question of most probable shrinlt• 
aae becomes hypoth~ioal. 

Pre-aelective \te11111 • 
\ 

Our f'iret end princd.pal problem was ·~o select all those items whioh 
oould have been used. in aeleoticn before the at•J.dent begim training at the, 
station, , They are indi oated by al!lteriskl!I ( *) in the liet, from whioh are ~ 

excluded thoee poaeibly 111Setul itema for 111bioh the ooeffioient ot ~orrela-



tion 11i11h the pu11•fd.l oriterloa -..s less thall. tlrioe it, nn nar.11lud 
deviation. Tla1 teet ittm111 wb:l.ob failed thie etandard were u tollow111 

A84I 
Previous military experieaoe 
1'vmlner•e enlmate 01' beredit, 
Benareuter BUI (nel.1l"ot1o tendenoio•) 
BH'lU'euter B2S (selt-1uffloienoy) 
Bemreuter.B4D (dominance) 
Morgu. 's tset 

. 'Die itlllllll which 'llligbt oonoeivably lend themeeJ.vea to pre•seleotion, 
and W'hJioh also sat.iafied. the etanda.rd of admiss:l.on are ehown :l.11 Table 12, 
alozig with the ahnmken mul~:1.ple ooeffieient of oorrelation R Which re-
111ulta from the:l.r lnclue1on1 one by 011e, in tile test•battery. The rule 01' 
inclusion i• Vlhether by lnolud:l.ng the item one increase■ the prediotivo 
value or the test more than .one inoreaaee the eampling error, The orlter­
ion is lmpli-,d :l.n Wherry•• tee\:.ae Jsotion procedure. These oaloulationa 
were made lllldar Dr, R, J. Wherry•, pereOM.1 direotion, and he is rHpori-

• eible for the rlilsult, '1'able 12 le copied from a mmorand1111 wh1ob lie sent 
to tne preoorit mter for the CO!llllittee :l.n JulJ, 1941. 

Variable11.~eleote4 
26 Reli.gion 
30 Ulljor ooour,a.U.0111 
42 Bemr•lll;er 122 
34 Bernreuter 11 

TABIE 12 

33 J'i tneH , e Y.am:l.ner • 1 J\ldSJ118111; ot 
32 Previous training :l.n aeronautics 
22 Eduoatiori ' 
38 Bsmreuter 63 

•• 23 lla.jor intereet or fteld in ooilege 
25 .Athletics 
39 Bernreuter 104 
40 Bernreuter 113' 
3.S Berareuter 18 
29 EnviroDIII&~ 
36 Bel'lll'Suter 44 
31 Emplo,-t dur:l.na. eohool year 

Anrap 
R 

254 
254 
2'{0 
291 
2'{3 
2'{4 
290 
298 
285 
278 
284 
290 
296 
288 
293 
286 

Shruaten 
1\ 

.2632 

.3153 

.3628 

.3940 

.4191 

.4)72 

.4503 

.4604 

.4704 

.4804 

.4892 
• .5003 
.5049 
.;071 
.5109 
.Sl04 

• '?lie tllble shoWa that ad.din!! the varioua items to the test battery 
in the ordar of their oontl'1bution to multiple predictJ.on i11orease11 the 
ahr\lnka ooeffioient 01' multiple correlation 1\ mi.til w reaoh item 31 

~- (l!lmpl.oyment during oohool year). Although tliia 1.ttm iii poaitively arid 
aigniticently correlated with the paea•.t'a.11 oriterion. MYertheleea, it 
is 10 highly' intercorrelated 1.1:1.tb more highly predictive item thllt if one ' . 

f 



~ku~ 9r-cpor ti~e c,f t•hsiv:~ .,t1.l') 1_::\.c.~a J,F., lttiilt fo•: 7.~E;.'tl .)l to -.::1oaau;:·c~ 
Hen~o, if \."ta {rad. 1~u1, it iui.o tha -.~a.ttery, iP.:: r.~w'...\1U ht:LV'Et irto.t•rJaoed tOcl 
sampling el:'ror by l!.'<>l"!I thal'l wa :3hvuld have :lnoreasod the aoauraoy r;,f 
prediction fr= the multiple reg,·ssaion e;quati.on,, 

T•rnr,, Dr, Whsr·ry's procedure yielded 15 Ufl&fu.1 items wh1Clh 1 when 
moi,t ~r!vantageously voighted yielded the following ,imUiple regreeeion 
eq'-l!;·am1., in wrlioh Y denotes the probability of pa3e ing the course, and 
the si~soripts to the various X faatoru denote tho nominal number of the 
tem'; as indicated in Table 12-

The Pearsonio.n ooeffiaient R of multiple correlation between these 
l_!i te!lt itoms and the pase-fail criterion ts of ths order of 0,51. The 
multiple regression equation reads as follows, 

Xo ~ -1.5729 • .038~¥'22 • ,0276Xl3 • .0242¼5-k ,OJ88¼6 t o044U30 
• .027at32 .., ,032ll33 + ,,0507X34 " ,0358x35 + .0216136 
+ ,,f?,i~38 • .Ol46X39 + o036l.X4o t ,0203l42 t ,0093X29 

/ 

The examiner ollli.tted aomil of the de.ta on eC1ma eubjoot■, eo that the)' 
had to ba reat.ored u well as one co11ld reatore them from a fragmentary 
l'eoord blank several yean old, ~• restoration waa made by e. qualified 
graduate student in psyohology, nov in the medical eohool, who followed 
utrictly the rules pre■cribed by Dr. Armatrong :!.n every case in which the 
rules could be applied, A ewnpllng of his restorations was checkad by tm 
11r1dereigned1 who aleo·-e guided by '.he same set oi' rules but who disree;ar~ 
ded the first inspeotor'e noteo. The two eats oi' ecoree agreed almost por­
i'eotly, That our ratings were based on incomplete information, and might 
not have agreed w1 th the e:mminer'e ratings if the latter had eat them 
down illl!D8diately after the inter·view is uugge11tod by one or two faote1 
Firet of all, the examiner's judgment of the etudent'e "Desire to fly" is 
aorre lated 0,45 171th eventua.l euacees in the earlier work of Dr. Ar!lllltr-ong, 
Dr. \7hite, and Dr. Kellum, In thi11 exhibit -the correlation ahrinka from 
0,45 to 0.197, say to 0,201 or to leas than 45 por cent of its ort,iinal 
value, Assuming that the eX8llliner1 were equally shrewd in appral,itng thi11 
item, one .na,y wall surmiee that the ratings set forth in Table 12 nre baaed 
,on a ~reater variety of impressions than were reaorded.ae the bnaia of the 
ratings rea_orded in Table 7, ln other words, tho written ace ounts oontdn 
only incomplete information; the ratini,11 mde by th a orlgins.1 exnm1 ner , 
nre not based eolely on the infoi:mation that he recorded, It la thue 
evident that if the oxamj,ner's judgment ie tc bo aollllidered nt all, it is 
better that he record it immediately aftJr the interview. It loaee muoh 
of ite value if it goe1 unreoarded until the eiaui4ner's mamorr becomes 
U!lcertain, and still mar~ ii' it io estimated by another from euch incom­
plete notes as theee examiners left for posterity, 

Although in Tabla 7 the examiner'e: judgment of tho students• MDesi~ 
to fly" ha.e some ooneiderable weigt,.t 11hen taken alone, nevertheless when 

· thi■ judgment is estimlted by another person from incomplete written rao• 
IINl!i• its value va.nisheu in prediotive importanoe, when it is oonsi~red 

I 
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with. ,other iiawa of biographioa:t inforim.t:l.or,,, One reason for this tail· 
ure lies in the sli>etituUon of one ioode of estil:ztion for 11.nother whioh 
11'8 have Just dJaoUBsed. Ancither reason is that this item ie so highly 
interoorrelateci. wit.II other test itoois wt1ich gained admi11eion to the te1t 
battery beforo thie, and whioh ther•l'ore did eo muoh of tho prediotional 
'lfOl'k of the whc,le battery that little remairied tor th:1.e item to do. But 
it the original basis of estimation of the student's "Desire to fly" oould 
have been retained, it• oontribut:i.on to total prediotion milltit not lut.ve 
ehrunk nearly a;i muoh as it did, Corresponding and similar oonaiderationa 
apply to the oe.tegorios "Inherite.noe," "Env1ro!llll8nt," eta. enumerated in 
Table T, 

It should ,ie remembered, however, t,hat the data on wnich thi11 study 
is based were saveral years old 11hon they wore first analyzed; that some 
of the oi'fioere who made the origl.nal Judgrneata had been separated from 
this kind of ,1ork for a good while I and that even it they had been avail­
able, their prcblem in reetorinc tl,e originaJ. records would not have been 
greatly different from our 01111, 1'hie coruJidei-9.tlon inoreasee the importance 
of the medioal examinor'a judgmerd; beim reccrded' ~bout delay. Othenrile, 
oven in reviewing his o'll'!l work, hie procedures are necessarily Diuoh like 
thooe of an antiquarian • 

.u, ve ment~.onod in the SWllll8.ry (Part I), 11cme of the ■tudeats were 
not rated by tho emminer on some of the traits, and the reoarde were ao 
indi,finite or incorJplete that anothor person could not construct a eli>eti­
tttte rating. ~~ therefore fomiod two classes of rated subjects, The first 
olaes included •lll those and only those otbjeota who wore rated in respect 
to every trait that survived Wherry's tost aeleotion procedure. Their re­
sults are shown in Tables 1-A and 1-B ard in Orephe 1-A and 1-B in Part I 
of' this re port., 

The aecom: claee included all t.he studenta whethar rated in respect 
to every trait. or not. If_any rating Wll.S lacking, the l',aP was filled with 
the averar;e l'f,t:tng of the whole (1',I'Oup tor the trait in question, This 111 
equivalent to disrei;irdirlg the missing trait, for ,if the ■cores had been 
expressed in r,'.a.11dard form, tho otudorJt's rat~ on nary misain,; trait 
(in which he .m.,,, allowed the aventge groee score) would have been zero, and 
therefore would have added n0thing to hie over-all rating derived from the 
multiple regroadon equation. The>ae results appear in Tables 2-A and 2•B 
and r.raphe 2-,, r.nd 2-B in the Swnr:nry (Part I) of thia report. 

Both ta.bl.,,, and both sets of graphs indicate clearly that all the 
rel.avant infornc,tion should h1:ive boen meticulously oollocted and recorded 
for ,,very atllde'1t1 otherwise eou:e do.ta useful tor prediction were lost or 
nullified. 

flow valuable is tt:19 material in 11elaotion? 

Tho answ,,r 1B, "Very valuable if properly uaed 1 " but the answer de• 
manda oluoidai :ion. It may be well to begin with a conorete illustration, 

\ 



} .3·t l/,B !"O'$t-t'lC".. t,JUY", :utt-?;?"•'~,t.on '..f,) -,<!:J'I:' 2.P·i'l ~-r:i.-J;•,t-1,7!-1, :i'or i2j'~O.ff. 8\f,'H~,J- itew. i,,f 

it1fQnr.d..ti~n i(W;.,ij obt.e.i~-!ra ilt.sf,~_{[',C~, t-c, .!f:,.b.;..r >·•'-,,, ~le, 2, h,r!.. I., of t:.J..$ 

report~ 1t1t ua guppoee tt.i-~.-\~ tf.6 e:r..t1.-:-::-..1n.e:· t .. e-i. 1:;h"CJ ~.r•ltioa.l r-1coro at o . ..,6 1 

and i-o<,omrue11d1,d that all 1<~pi.io,.11.:cs -,;ho ·r,,i l&d G!li~ score 00 reJoctad, e.nd 
that all ,vho ettaine,1 or_ er.oecdGd t,,is ,a;.:i ort> i)e rt,tained for t r!i.ining. 
Let ua auppoea ul~o that th,; tru.iniug «.1pariro'J11t riled the ro~amrncndatl.on. 
i,,nd did not eJJ1i:d.no it u.utU the out,ccms of: t,-ain:lne had buen completoly 
determined, indep,rndently of' t,h'l t'>ate. 1'he comJJts cru:i be e,cpreeaed in 
a 2 x 2 oon·tingency table u t'ollo,rn, 

TABL~~ 1~ ., 
/1 ... nt.a.\na& t,y " " r1.\]eoted by 

teet ecore t'!lll;t ocore . 'l'otal 

rs~ paeaed t " 9d f .. 29 127 
tha couree fo "'- (71) fr, - (56) 127 

11 ,, 27 &2. -27 0 
fj. " '1'29 ~ 729 
~o .. 10.2'1 -i_l" .. JJ-,02 

B' ~ failed r " 19 f - 62 81 
the course fo ~ (46) fc " 05) 81 

.~2 "' 
-27 » - 27 0 

,. 729 729 ... 
x2o "' 15,85 x2o ,, 20,83 

Total t: " 117 f ,, 91 208 
fp " (117) f(l ~ (91) 208 
A "' 

0 ,, 
'!'?; 0 0 ··• 

-;:2 
" 59,97, p -~ (10)~15 

The oell AB of: the tabla incli ca.tea that there ~ere 98 ·etudante who 
paeaed the oourue who would h&.ve been retained by the teet if the· critiaal 
eoore had bean 511t at 0060 If the tost had had no pradiative value, tbe 
number of retained pe.19ere would mve been fo ,. '11, instead of f " 98.6 
Thue the teat properly ola191fied ~ ,. 98 = 71 • 27 passers llho would hava 
been rejeat"d by this oritioal test aaora if ·the test. bad been ineffective. 
Again, the aall A 'B" of the table contains f "' 62 illdividuala who woul.cl 
have bean rejected by the teet and who aotwlly failed the course. If the 
teat had bean ineffective the oorraaponding number would have been fo ~ 35, 
ThWI the teat properly olueit'ied !:. .., 62 • 35 .., 27 failere who would have 
been retained as havi~ bsell predicted t.o pass if the teet had been •orth­
le11e, The value of x2 ., i (~2/t0 ) " 59, 97, Yhiah oorreeponds to e. probe.­
bility P "' (lo)=l5 that the di11crepanoiee between the oensue and the aorre11-
panding number-a implied by the independenoy hypothesis are due to chance~ 

6s" paeea lC ff for e1xpl.anation. 
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The oomo:ct■ ot Table 13 may be 'indicated :l.n other wq11 then th111. 
For. •Xllllll)le, th9 Pellf'eonio.n o,oeff'iclent 01' correlation r betvHn rstentlon 
nnd passing con be readily comput.ed by formula 1).1) developed ln Yule and 
Keru\all 'e Intrc-luqtlon to the theory of ptatiptica ■ .11th ed., London, 
Grlfi'in, 1937. This i'ormula mny be written thues 

r" ~./N./ PlQl ./p2q2 -

in which A = It • t O I la tho ab110luto difi'erenoe between the nlll!lber t ot 
1nd1-ridual11 o'ourtted in any 1111.llt:t:ple class (such as the cla11, AB ot ratained 
pasaera) and the Oo1To11pnnding nwber t 0 implied in the lndep .. '1.denoy hypothe-
01111 whilo N i~ the nW!lbsr of individual.a in the aampleJ Pi le tho propor• , 
tlon of lndlviduala retainocl by the teat, q1 = l • Pl the propartion of' 
ind:LV1d'411 rejooted 1iy the teat I p2 1a tho woportion ot pueere in the 
11!U7JPle end q2 = l • P2 the proportion of' tailero 1n the arunp111. 

In this oontoxt r hao an iiJportant 1111Saning, 11h1oh ao far no I have 
noticod, hna not. boon mentioo.ecl oleOIJ'hore. Revriing to Tw.bl• 1) and 
oonsidarirJe the cells A'B (NJeoted passers) and AB' (retnined fallers) 
we observe tJu,t the inclependonoy hypothosie require■ 56 individual.a in the 
A'B cell and 46 individual.a in the liB' cell. 'l'bua a warthleaa test uould 
claa111ty ;6 fnUere as paeaere and 46 paaeera na f'ailer1, l!lBking a total 
or 102 1nd1vidµ'1la iriproperly olnssified. Nov the most that a perfact 
test could acc,ompliah la to roolaHify these 102 incl1Viduale properly, 
leaving both t,heaa cells ampty. But tho teat that •• are considering tra1111• 
i'ere 21 indiv~.duals tram oell A'D to cell AB, and 21 indivicluala tram oell 
AB' to oell A' B '. Thus :l.t properly reolaaaif:l.es 54 of the 102 individllale 
who would hil,vo been wrongly olaoaii'ied by a worthleaa test, or by ohanoe. 
But. 54/102-:.: OS29t wbioh le almost equal to the Pear110nian coefi'id.ont 
of aorrela-tion r : 0.537 .1 Thus. we "an 11ay that thia biouaphioal in• 
i'orL,ntion baa e.bout 5) per oerrt or the prodiotive vnlue th(\t a perfect 
tost would have. , , 

The superiority of the llto.tieticcl -aeighting prooedGre orer the gen• 
eral im:J:1reos1Qll made on an internewor by the 8111118 kine! of data le indi• 
oated by -the aoettioient of' oorrelntinn 'llhioh in thia l.nstanoe :la 0.53 
i~ead of O .30 aa in Table 4o • Hence thia prooedure le nsarly t~oe aa 

11n isane1•al the ratio r',r:/Pl'l2 P2'U' -?a·(J11'12~P2Cl1) - 1.e., aa the 
ceomc,trio met\Il ot the two produat-termo 1e to thoir arithmetio Liaan. If 
the difference p2. • Pl. 111 vocy small the rst.io • approaohoa unity, otherwise 
tho rieht member of the proportion llhould be applied as a oonv.-oion-taotor. 
A euitable mai;rix-table le found in1 Johneon, Ho 1.:. A useful interpratation 
ot Peareoni.'ln r in 2 X 2 oo,itingoncy tablNo AplS' 1 Jo Ppchol,, 1944, f/.1 
236-242. • , 



11:l'tsotive aa the othc>r4 Thuo an argument. ,mich 18 often uaed b7 protest>ional 
ps7ohlatr1sts, 1n tavor of allw.lng the!'!' to c alllbino the. oridence eubjectively, 
and rendor the :final dic:l.sion, is not corroborntecl in theoe i'indinSS• 

So II)UCh tor th& Vllluc cf bioe;rc.phical 1nf'onnat1on of tho kind which we 
have doecr1bedt 1n tlu1 eogre6!lt1on of oouree-paoeere h-0111 oouree-failera. 
As we have noted, :I.ts value d,vendfl partly on the ·o.ttrition•rato, It th11 
le low, ohance or a worthlecs test will olam:1:l.fy r.ioet i,tudent11 correot17, 
eo that corrospondingly little rom:l.ne torn usetUl. teet to do. &cl the 
value of thie inventory bHn known 11.t tho tilne those studonto wero being 
considered tor admission 11.t Ponaaoola :1.t doubt.leas r1ould hll.ve bun applied. 
!lad it been applied it would have greatly reduced_ the ezpon1111 wmeoesearil7 
incurred in partially tra1ninc many inept oo.ndidatee. llOf'eovoz-, it would 
bavo ma@ more quio'll:ly avnilo.ble the oorvioes of oo~petont arl,xt;ors tbl-ough 
saving of time W!tlltod 1n attempts to tz-a1n inoompetente and in awuting 
tlle:l.r elimination. NO'II' that the Davy hns managed to reduoe its attr1tion­
ra.to by halt, tho v111ue·ot thie perticu?nr inTOntory for aoloQtion ha& been 
reduced, moat prohll.bly by 21 pel' cent. 

It io not to be supposed that tlliB 1nventorr ill the beet that aan be 
constructed. Ito administl'ation requires poreonal intoniews with ppeoially 
trained officers who oomb1no the skills of psyah1at'rint flight 111ureoon, 
and father confessor. Their number is limited as well u their tiia. It 
is probable that oelf-administer1ng questionMiroe my have to bo chiefly 
rolled upon, though eupplemonted by othez- int'ome.t ion, Two 111.1ch tests 
have boen c,mstruoted-- one by E. L. Kelly, the othel' by J. u. Dunlap alld 
G. R. Won@ with tho onthue1astio oooporation of several membore of this 
ooL'!lilittee. Thie 1s not a au.itable ti.mo and pliioo tor oomp,.ring their merits. 
Both armed f'orcoe and the OAA are nlready aequainted nth them. 

But thoro iB b1og:raphioul information qu;i.te apart frOlll persoml hil'" 
tor:-1es, eto., 17hioh prmiaes to be uoef'ul, end 'lllbioh can be added to the 
lntt11r before the students aro sent to tlts naw.1 alr etation. On• ot the 
best potential ssleetors oontnined :L"I tho re,ords ot theoe classes at Pen• 
aaoolll. 1a the t1me-1nvalltmant which the student required tor 00<JpllJftne; 
certain ground-school oourses. -But it aould not be used beonuse these 
ooyrssa woro civen e.t the e.ir otation ocnourrerrtly vith i'lt(lht t.rainj,ng~ 
fly the t w the ground•sohool reoord was completed the rate of nearly all 
the students would have been decided by their performrmoe in fii,:;ht train• 
inc. But 11; ia proposed to give SOl'.16 oi' thoso critioa.1 couraeu, along with 
a few hours ot pre•pr:lrinry flie}rt inatruotion, at the eo•onllod diatrib!ltion 
oemera oz- elim.1nation bases. 'l'his 1nf'oroat1on should oertainlf be, added 
to the rest 0£ tho students• i;-ecoord.s and its s•loct1ve value detel'lld.ned. 

' 
A word :m:iy be e.ddod about a olaH or teats oalled (in bod .ii:nGlish) 

"psychomotor.", Their oeleotivity na oompw:-ed wit.h toot of the bast an.11• 
able oombimtions of "pap!lr•and-penoil" teats combinod 1?1th !l. i:;ood biogf'a• 
phioal inventory ie nat great. It mey turn out that they can t,e· usefully 
added to tho battery. But it 11 not easy to cet the oorq,etent personnel to 
admin:l.irter them, and to inoure that the r!!ode ot 11dminiatraticm is kept uni­
form. It remains to bo shomi that it ts ooro expodiei:rli. to 11111plo:, thom than 

I 
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try to :improve biographionl invontorioe and certain pono1l-and•paper teete 
with 11hioh the rtembero or this crotlClittoe aro acquainti,d.8 

Correlation of test itome with ~her criteria 

1111 ellall 1 ,at burden the Pi"O!lent repm·t with an acoount of the ll&llY 
relationehipe whioh w exam:lni,d nnd found t_o be too weo.k to be 118ttul. 

_ One or two other Bl)eoinl pht1oos or this inveeti0ttion, however, u-e 
peouliarly intaro:3t1118o Amona the olaoBIIB which we oowsidered, about 16 per 
cont of tho■o Vlho tailed, or about 6 per cent or thoae 'llho entered, were 
washed out before the:, had ccmpleted l.5' hours of instruation• 1••• ,- either 
bo:forli they had tween their tirut solo oheok, or at thi1 cheok without bene• 
fit of muoh extra time. On the surfaae, thie look, as 1:f the training de~ 
partMnt. believed thrlt it a student learned slowly in the becinnill(l otse;oa _ 
he would probably learn Bl.owly through the later at.aces or wn11hout. _ i1he• 
ther this as11urnption was verbalized or not, it waa not borne out in the re• 
oorda of those 11bo passed. 9 It :l.11 'tl'ell to remambtr that it 1'11'111 nat a 
ceneralhation from exparionca, because the oxperitnoe wne curtailed 'ilhe.n 

• woh men 'QI'S eli.mi11ated1 it wno M a119\lrlll)tion;, A rdmilar aesumption pre• 
vailed at least reoantly, in another of tho eBM'ioea. It mar be costly if • 
retnined. 

Howover, the tim l!8Y have arrived men trnillinc time must be eoo­
nomiaed if our planes are to bo man.nod by the tiloo they are needed. Hence, 

' 
&rhl.. aue:rtion ie uade cf tho sample population studied and ita soope 

ie restricted thereto. Moreover, tho author eees no reason :for modifying 
hi11 interpret . .1.tion. Hot1over, it should bo noted tha.t sinoe the report was 
written the Army Air Forcoe found it pr~oticablo to admillietor certain pay• 
Ohomotor tests, and demonstrated them to have oonaiderablo selective.value, 
over and abov, the oontribution nude by pen,:iil•alld-paper quoat:l.ormaires. 
Their sample .9opulationa, howover, were not homogoneoue '111th this, and :l.t 
ie not eal!IY tc> make suob allot"1Bl'.coa as are necessary for direot OOlllp!lrison. 
'l'he 'llhole pro:,lem of constructing a test battery is 80lllnha.t complicated. 
For one reaso.~, the oroor in which component tests aro admitted my be im­
portant. It :should not elll"prise us i:f a psychomotor test should be fobnd 

_ 'll'hioh \'/WI mor3 aeleotiw than tho beet itlllll in our list. Once it is ad• 
mitted the \'fo:rk that rennins :for tho other component tests to do is cor­
rospo~ill(lly iiminished. Althotl&I the question is too complicated to be 
dise~secl ill ieteil here, this a.uthor sees no incompatibility _betv,een the 
t'lfO sets of flnjings. • 

9rbie asiertion does not boar on another important questioni namely, 
whether stud&it~ Who, i~tead of being el:l.mimted during the eali'ly etagee 
are allowed ettn\ time, are unusually likely to f&il in the later stage!!l. 
In thio i,ample ooarly all tho failures oocurred durina primary training. 
Recent atudi<n mde by the RAF, ainoo this roport trail prepared, indicate 
that the prcportion of student pilot.a rith m11dium or 111perior accomplish• 
ment in later phases or training, and the proportion reaching operatiorial 
training, are greater for student _pilota ffl!O solo early t:tan for student 
pilots requ:l.rins additional hours of dual inetruotion. (See AA1 Aviation 
Abstract Serioot No. 86, 1943.) 



it may be important to detect alow learners before they ranch the'atage of 
baalo troi.Qtng. We therotoro asted ,11u,ther any of the it.oms in thi11 in• 
flllliOl'J vhioll were aV11.ilablo for pre•aeleotion could ba used to predict 
the total extra time of those students who 00111pleted tho course. The nlo ... 
vant items 'ftl'O 22, 23*, 25*, 26*, 2'Ji", 30, 32, 33*, lf, 35*, 36, 38, 39, 
40, 42, 11.a llhown :!.n Table 12, P• 32. Tho 11:l.x iteiu indioated by uierisks 
gained admission to tho tost battery by i'iherry'e orlter:lon, Md be 0C111putod 
a multiple resr"eaoion b!leeid upon tham troM whioh to eatims.to the total ex"" 
tra time., Tha resUl.te 'll'llre a bit dilappointing. Only 130 students' reoord11 
were oompleto witll respect to th• test va.riablee. Th• ooetrioient ct mul• 
tiple oorrsle:tion !\ -= 0.32 0 The most pre.otiaablo double diohotom:, yield• 
Table:,~, 

' T ADI..!! 14 

B -= less than 
14 hours tate.l 
'extra time 

B'.., not leH 
than 14 hour.a 
total extra 
til'llll 

Total 

A., at lean 
-60 

• .. .. .. 
14 
(8) 

' )6 

4.50 

::: 

-
42 

(46) 
-6 
36 = o.,s 

... .. 

... 

z2- =- 13.02, P,. 

A'= loaa 
than -60 

.. 

5 
(11) 
-6 
36 

t "" '14 
t = (74) 
c.0 = o 

Total • 

19 
(19) 

0 ---
lll 
111 

0 

--
130 

(130) 
0 

(ior3, L' " 12, r/N = 0.09 

Sino• the tot&J. z2. = 13.02, x•3.61, r• :: '0.20. This finding ia 
reliable but the test enablos one properly to reolnsoif'y only 12 individu• 
!!.le, about 20,J Jl9I' cant ot the..59 who WCA.!ld have been 11:lproperly ola.seitied. 
by obanc:e. Thie tilldi118 is il!lporiarrt obistly' booauoo it SUG(lsats thrit 
moh more onn be done withi ouoh an enlor.;od and osro.t'ully doetcned bio• 
gr-aphioal inventory a.a the ouboacm.ttee has since ,dra,m. up, and mtiob is 
now undergoing validation. 

It is ueuo.l to olose 1110h a report, ae this w:l:th a eat of reoommendations, 
but these hav-e already baen madat and st111e ot them have beon anticipate«. In 
comparison '11.t.h those tests of mot.or ooordination, the aoquieit1on of motor 



j 

akillll, .-iid 'the like whiob involved olaboruta end expensive. inetl'lmffltat1on, 
and a epea1al.:Ly trained peraomiel, and whioh have not disti1115U111hod ,the• 
i,elvea by the:!.r esleoU:n atfioiono1, and. u oomparltOII With t:!JH•conauming 
p9raonal lnt.a:·vina, :IJltended to oxpoao latent pqohopa:t.holoe1••• tltia ltincl 
of information he.a pl'Offd to be unexpecrtedly valuable, and allO eaay to , 
get.10 .It ra:iaine to be shown that the oth11r, inti.rmation ie nooeaHl"y al• 
though in the 111oanfl:lma w ahould uolt e.U that we oe.u get. Bui it it. is 
true that tolll~ N.ttha ot the applicant• an DOif ualuda4 by •th• stringent 
medical ell'8Dlinat1ona of the 11,ffled, t'orocu and the OM, it iii' hardly to be 
expected that Wl-fl1 would l'lll!lain eligible i'OI' exolu111on by an 1.alarged llllldioal 
euminat ion. 

I 

1°w,a,& I. Ngt;e. Rltoant studiea b-J thll OOl!lllittea on Salaotion and 'l'raining 
of ,,iroraft I:.lf1t11 and by the Armed iiervioea oJ.early Wioate that Maaursa 
other than tta,ao obte.ine\! through the use ot biographioe.l in£OJ!IDO.tion contri• 
bute c,'aatly ➔ .o the prediation oi' auooas11 in 1ee.n1ing to fly. Nnerthelesa, 
the author's <U19basia on the value of biogrsphioal dsa is ol' pnrtioular 
e1r;ru.tioanoe 1,rne.uae of the rolativo no{':leot of mah predictors :l.n aelootion 
reaoarl!h in 11.duatf7. 



PART 11[ • !{Ql',;;;; 1m ,.'!{E ECO!lQlUGJ\L u5;,; ~ IBEOIOTORS11 

Otrtlliu fl'l.oto oontainod 1n the 11.ooonpanyin(: tables and graphs oan b11 
mm-e eo.aily and tu1ef'ully interpreted it' they aro i:nd.e allOOIJha.t mon explioit. 
For w5g,;;,m;iom1 that led to the following p.rooaduro, I am il:ldebt.•4 t.o O&p$e.1n 
Lybrand Slll1tll 1 U.S.l!lo (Roto) and to a. Comdr. Jobn G. ~, R(V)S, VSNRo 

I 
G:wea a aet of tel'lls the results of which sto.nl\ in 11,n Cll"dlll'oo owioi:i, 

!Uld which stcu1.d in multiple oorrel:,.tio,i With the ,ro'be.billty of pa111d.ng or 
failing a train:ln&•oolll'sea one lll!ilY arbitrar.1ly ohooao aom• eoore K a.a critical, 
and oons:lder batll' raMY oourea-,:aasora ru:id haw many ooureo•fa:llm-a attain or ex• 
o<:?od it and how nany- fail it• This re4uceo the oimibit to a 2. x 2 ccmt.incenoy 
table, in Whioh the 011vliral olascea aro (o.) t11st•pW111ing ccur1;1e-passer11t (b) 
to:.rt;-fail1r.e oour110--p!1,esora I ( o) toet•Pf.!90ing oourso•fid.J:<:1:ro J (!l) toet-fllil:lng 
ool.U"se-fa:!. lero • 

Tliro sets of qullllt:!.one ru-o proposod. T~e t'irst set inoludo:i thei,e 1 
a vnluc for tho oritio:.l 11oore KS th,m in oriler to e;st 1000 ooure!!I• 

I 

1.1. How mny etuder!te 0ust wo train? 

1.2. Hoir mney applioanto 111Uet be avdlableT 

1.3. Undw the oondition11 llhich c,c:,bt on 11 given date I have we 
e,nough 11.pplioanto to jwrUty us 1n eoleot1.ng a critical oooro ao high 1111 Kt 

The eooond groap oontaine those qusetione, 

2.1. :rt we dd 'lo t;mining a oandidsto whooe t1111t.•11ooro falls 
within a epoc11'1ed range, what is tho proba.bility that be Will p11,011 the oourseT 

• · 2.2. Hn does tbie prooo.b1l1ty oompeire (a) 'Iii.th that ot th• irbolo 
aMtple of' otud1111t1119 and (b) 'Iii.th thll.t of' the studente in the other terl•Hore 
ol.f\a,:i-,31 

The amffllr to -q,1eation 1.3 ~at of oou:rae be derived i'rom other in• 
formation than these or similar tables contain. The anawrs to all the othen 
oan be found in the tables alrea.d7 presented but. ma, be lllOre :readily seen in 
Table 15 and 16, 'llbioh are e:Grnoted from·the termer, and which are al.moat 
self-explanatory. Sirtoe they are uced solely to illustrate a prooedure, I have 
lm.lad thom on the total sample, for aomo ~OO!bers of '1!!.ioh th& information waa 
not complete. In this exbib:1:1; the corrol.ation between toat and outcome of 
trninins is considerably loll'8r than for thoee students for whom we obtained 
complete infol'!llliltion, but the number of studenta is greater. 

Jl..nis.11 pa.rt of the report '1111.B originally submitted as a.n appendix :l.n 1942, 
and hall been ao!ll8'11lhat oondenaed. 
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, The qt1·e'don.s \Vhiah we 110.,rn ph,c.~ed presupposo 11 completed exporianoe, 
in wbioh the pN;,or-t.ion of pa.seero t-, trainoes is known, In this sample this 
proportion P/N: 308/480;, 64.2 per 'Jent, appro:dmtely, Tables l!i lllld 16 are 
derived f'rom Tal::'.e,i 2•A am 2-B, Th"> results have been sli~ly falsified 
tn the tails of ';h~ distribution by 11 process of "adjustment" or "smoothing." 
tt seemed to be ,le Jh"a.ble for two re,,aons I first, in any part of the distribution 
ihe count itself i:a attended b)' an uncerta.inty l!lhich is Masured by ite variance; 
in either tail c: ~ho dlotribution, whore the proportion P/N of paseere to 
-trainees is oitt-or quite larGe or else ~uite emll 1 the varia11Ce of the propor­
tion ie about acc11t1l'to the proportion itself, !lenoe, as we consider one SB111Ple 
i:,fter another, l:·u ;:ixpact this propoi-t,ion in either tail to fluctuate consider• 
ably, so that a Hmoothing proceae reprosonte the most probable values better 
1,han does an ort,~:ial census oo!llprieing a small sample, such as this. Second, 
in the oricrine.l la,+,a, noor tho infloction-point of the cumulative frequency 
curve, the ra.tit, l:q/tJ.x lo quite larce; but since the raDge of each test•soore 
claos is rather '>Nad, this fa.ct me.kea the teat look mora _senoitivo than it 
z,oally is. The :Jmoothing procedure m;mld not haw to be applied if the sample 
wore very 41'38, ;/hother it is demanded here may be questio,1ed but the answer 
0,oe:a not affect -~hJ principle th11t ao are tryinr; to expose. 

Teble l!i tihich -is derived from Table 2-A a!l8W8r& questions 1.1 and 
1.29 and· providn 1 infon:a.tion that is 11eoessary though not sufficient for 
amuot-l.ng quest'.. >r. 1.3, In respect to question 1,2 it presents in rather 
etartline; rashi<n <Jome facts which I hl!.ve not aeon in formal preso11tatlon before, 

Comlt,,r, ror examrile 1 tl",e third line. It tella \IB that if we sat the 
eritical &Gore F. "' 0.9, the:a, in order to ere.duate 1000 pilots we need to train 
(most probably) :.093 studonta, as a.pc>ElF.ll"B in Column E. It t_ells us alee that if 
~.1' had selected : ·o.r• training only thooe candidatas who attained or surpassed this 
critical .;core ;:, , wouJ.d have olll.y 8,5 par cent of the total number who would 
ha.ve fa.iled the "c·.:ree, instoa.d of 35 ,0 par cont for the D8111ple ao a whole, llut 
C'clumn D tells •, that if 1ve sot the critical score K=0.9, we must have 11,163 
applicants to otcno:,e from, in order to got 1093 trainees and 1000 pe.ssera. In 
other words,. if 1·:,, ;,ave e.bout 11 caµd:ldatea mo havo pa.ssed, tho examinine; board 
am the lllGdioal ,,.,~ta i'or each ca.ndi(!ata that we eeloot then ,·1e can out the 
CTaahout rate to Lb:,ut ono-fourth its present value. But if there are not 
enough appl:l.canfr to permit such a hie;l1 otandard of selection e.s this to be 
applied, th<a1 fir.,:i:ig is not pre.cticalfy important. 

Consilr,r next the sixth line of tho table, corresponding to K:: 0.7 • 
If we had selectnd for tre.ini~ only those oandidatas miose scores attained or 
exoeeded this VE: .l:o, we should have got a mi.shout rate or about 15, 1 per cent, 
'\llilioh is still :bes than half the ov"lr-all rato1 we should have needed about 
2.7 applicants r,,r eaoh passer, and 2 .3 applicants per trainee. Perhaps thil 
atar.de.rd oould h:.vo bean applied. or course, F8 nm, have teats that are probe.• 
bly better than ·;hoses their superiority is masked by a reduction of the rate 
of failure in tbi llavy-- due, so I suopeot, to tho adoption or a new ·poliay 
oonoerni.ng the f. U.'>wanoe of extra tiae in critical stages. 
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, G 

!ll!!ab"7' 
!lumber NU!li>er of 

Nwlill<>J," Number 
er ot J.l'ai_len,i 

C:r1U~ of' 
Applioante Trainees per oent 

or 
'l'eet Qua.litiod Qualif~.&d 

Required Required Number 1!1l!W8l" 
tor 1000 for 1000 of' ol' 

!ul. Soore 'l)'n1uao~ Pat111H'S Pa.seer, Paaa11r11 Failere frni".l.ee11 

l 1.1 6 6 
2 l,O 18 11 

80,000 1,000 0 0,0 • 
28,235 1,0.,9 59 5,6 

3 o. 9 47 43 11,163 1,093 93 8,5 
4 o.a 117 102 
5 Co7 210 177 
6 o.6 290 231 
7 o.s 359 268 
8 0.4 408 289 

4,705 l,147 147 12.a 
2,,712 1.186 186 l;i.'T 
2p078 1,255 255 20.3 
1,791 1,340 34Cl 25.4 
1.661 l,,U2 412 29-<2 

9 0.3 439 299 
10 0.2 460 304 

1,606 ' 1,466 468 Jl,9 
1,5i9 1~513 ~i, 3J,9 ,, -

11 0,1 472 307 
12 6.c 479 308 
13 -0.;l 4-:lo 308, 

1,564 1,537 531 3t .1 
1,558 1,555 555 35. '1 
1,558 1,558 55c . (\ 

Table J,6 tlantains tho infOrtllilction denanded in que:itiollll 2,1 nnd ,:; .. ~ -. 
Consider the fii'th line in th<!. tanlc,, whi11h showi. the most pi:-obu.bla i'~te :;;f. 

those students vmosa test~s,H1re falls w!~hi,i ths r.an3s 0.70 to C, 77:. F a $1,w• 
dent balon,~, in th1.11 taet-3cora o~.Ms, Column ll 11ho\18 that hi'1 o,,anc~s , .'. _,,,.;,il.~ 

·,u•e 84.J i;•n c.,ant-, 1-iataad or G.cl.~ f@r cent l'ol." tile av111rage. Colw:m ,1 or,,s ;,J·.at 
his eha.nees arc ther;,forr, :1Dt.-.1~" l .,:t~ t:h:,i~~ the a.vero.30. Md. th!.s rn··.: ~, t,1•.JW:h 
reliable, :i~ nc'; s.)ectaouw.r, /:1.t l<;>t r:• di •,,;i 1.c tha ninth Hno in .; . L,:,J.c,, !>, 

ahowe that if n stll1er:t's ~et t~.J..,cn, fol1e be,tweoel 0,30 r..m 0,39, ti-.., I?' o;:,aHUty 
of hill ~s!l'l£: :,z ◊nly ;;c i'"l r.c,,ii, i,rntr,,,.d of 64.2 per cant. for t!,e c•vn,,g$., w,4 
79,6 per o•mt ,or 1:c,o •coic ·.r!l·.c.ne t:ii,t~e0oree f'all vi.thin th-, ran,w C,f_·,. __ ;•; .. 'Cn 
other- word::.,.,thr l3.tt0i- b,.,y,; 1 7_r;,'_~O"O .~. lo6 timea bhe olla.nol!I~ of :·•O.$::;t1.r• ·~:~ !11A'~hj 

the for.o:i,;r, 1,,,,,."ova;· tt ',; r t1·J· ".,- ntc t·,.,•tieullJ !'~liable, 

I stm.11 nt:;t. r~rth ·::~ ;)]r~~;.n 20 :: c ,,hat ie otrVto'Ult in tJ,t ::i ::, t.~ ~ _;__:.: < 1'-1:.w 

points, hot"1a,,e;-, sec,m tc~ 11?:. '"'-":'i3 ;-:·~.:u11t::, ~"irs': 1 t:..tt;:1 ·taste st:; :,-1 ":<rt. i:r,-

li.able i.r.i.d.-tc:s.tJrs of ::rbr..t ~\": • ~r:J'J.'Jidus., l 7111 ·lo 1!13 a studen':; r;.. '"4tn➔ ::Tu,_w L,;a, 
3eoond~ they are 1uite rcJi!" )l.o i -•'.le:!::~v,·'.',. 0r ttt•t .h10..:rt. prOb1$..l:.lc,; Ytlf.i ... ,-1/1 ;> ~--,~ 

within the ·~t·;]:ups thitl.t ttu1.r ;Ht,:~~-~ t~,11:c~ ti:; :,;1Bs,d.fy.: Tlli1 .. d, ir, o.r-fe1 li",f; ~;,c,1 the 
paychoJ.ogit:it.s '::.r·~ •Jt'fer:L•r 1 1t;i1,~.1:1.: !•i~1;::. J no.th.\:r-g thrbtl boL,r1r_:s )~,t.i1v·:·~1 ''.16 ':!:s:.-• 
psrinuoe a:•1d u!l.doretti.:11,,~iu,:; \ r 1H• 1 "" .. ,.:;J•.1t1:: •)~£'1e1tr- or t!'"ainin.•1; r-J'-ri.,,:;1:.:-· 1 • .:;,~!\ re~--
nall a. J.it.ila • ~tf1 Bchco1 :i:: : --;:,,;t~,'1:i.1.~ ::lX\'.°Ht:);)t O.il <-1.t:rti..tO.;>l,.1 .. J <":t,:~~,·~ ~.: .e •·i .. c:"1.,l;t 
up .tr-om. continuing and a ... r:.·• nt ,"lt:, ._..: •• 

1.·::n, A~ !Ht{'Jh thn t,,~t!!' ~-~"lJc fl so~_c>J~~-":•:: l?~ .. ~ ~;•. 

ah&noee of' dec-tth ~ th0it· ;,; ,: t~~;1 ,:, t' l~""'.f(.t.J: .. ~i . .!_t,.,::: r<,t, 1 ~ ·•'11 .• i.~_:i!s:v ~£1., .. i.t;i.~ i,a,: ,s1 r"'r, ~'.·!~­

curacy, HenctJ, if' or,.1-;: '-.1·0 I<:~£;, i;•"i 1x.1,:ir•it·r,.:;:.; ·.:~. ~- 1Jtt:.~, l:'·s _,,1~•,':".u.r.n~ .:', ) 
eetra:.:, dApcnd :ir: t!;s t~~ ~:~-"'"P·~ 



.I': 

r 
; • 

~!,:o;"'-.11.'f:m " ,; )} .. 
~1scfun1· o! 
~.i.a.Hfied Probe.bill.tr 
t'o.Siie,11 p~r c,t Pll.11811:lS u 

:·i'.1. ~b ,, c- t• ~";' ti\lt:\b,:' ;~ cf \'lati:t. numbt,r IUlll t;. i;,l• 
/len,gt, of ·:t·air.r~ec l--Lltt:1r:)'t:• ,;, f' '}u1, li f'1ad AYfl"'S$ 
Teat .th<> w': 1" • ii~ai.u.; i¼~ p:robe.biltt:y · 

~ Soores ~
. ·,1-, ('!t.tn.Ji.l"• . l'!-100 C/!l 4 t"" NO/P) _ !;..i,..,,...., .~ ... -~.i..,.,,-

·:. 1.,.1,.,,., ~ lOILO 1,56 -· 
:! :t.O·•l.,tli \3 } .. ? 52,3 1a44 
,1 0.9*0,9';,. 2~ ., . ,.,:, s~ :r 1.4-0 
J.\. o.s-o"a~ '10 5'i 84,.3 1.31 . 0.7 .. 0.7. 93 74 79.6 1.24 ' ,• o,6~o,6° $1) .)4 67,5 1.05 ' ,, ospos: 6<; 3? 53,6 o.84 ' 6 0,4•0,4' 49 21 42.,9 o.6? 
~ 0.3~0 • .3•, ,, 10 32,,3 0,50 ' .,>'~~ 

10 0.2 .. 0,.2·, 2.; 5 23,8 .0.37 
',, .0,1·· 2C .4 20.0 .0.31 ~, 

.1s.nrU'l'lONS1 M "'nu, ll:ler o.c tr .... h,uee ·"' 4801 P = 1,lll!lber ot raei;1:1ra "' 306; 
1;r11be.bility or pe.o;-:lng,-, P/11 "' 3~6/,;So = o.~,2 "' 64.i per cent. 

Thi> d.·U.'.'sireneb 1,ot.11104,,,:, tln•ee crntrolloc., arA ve,•if1a~le or .t'aleif!­
r.bl@ prad1atior.a e.,.,d thoee bt,eed 01: the pla\lsibl.41 gusc11es of benevolent but 
<l'lllli •C,OruJtitutfld e :].)$!'Of! 1;; N~:rld ',,:,i;• I, GlillnOt be too 11tron&1y 8lliphaa1sed.. 
·l'hae;i data have li, ,ite.ticna on tllelr' eele.:tive values but 1t can amys be 
appra.ieod, And th, esels6tJ.•99 teat• 'llhioh tb:!.a Committee has developed can be 
,.ovutaa upon to ee, ·e the ll'>\"Ornmen+. tena of lllillkns ot dollars e. year. 
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:re {:Ol_t,.U,:.;1.•l;:-~;z: ti1.~-: f'or-~~cdn~:: 1~:epvi"t fer p1.1bi3.:;1.tf. 5.dn, q·.!oe;tione wr.• 
:-.• .t;J,;;1, ~1i" thra !!'(;~'tl?'(.'·" {;OnJl'3r.·r-,!J:JZ (c.) ·tb, 1.:::-J.t--r'131" ·o:t cocling-t~1e ,!etas (b) 
~i:HJ i;;:'-irt f\:r ar·tH.is vo.l;;.dr.d .. it)th i'ollcr:d.ne;: Qt·~ O-Ci:lh..O~ltJ p3i"tin1Jr;; to theaa 
qUB1..~·\i Xt3".l 

'.C:1s. •1.t?.,t;i:1 ,,,~11 1 l.i;;.•·_tc;:! t.y ~ .. ii~ .ToJ'.;.1li•:n wr.i!-'~ ol"r'.;.a.ined on ,t.04 eubjttcta 
-:, t- ·t '! ~I'} ~~-1~!1.\CVlri r;,1'taJ T'&',l:~::d,:t,tg ;;.-\,-:.:::..i<:rn ti l"H)·!Olt; a~d ti317t to :Jr• R"' Ji;, tftuairr, 
f. :,;r ;..l'\.:;-::f,,;1.-.:.·~!f':' l :~1ul7u~il~ i'}:~ co:.,.,~--:.J" f•tcH;:;(l:.~ro io der.c:riOOd !'li d.otuil on 
f,r..£(> 2~~ l~,ta !~] ,;;,i.4 ~h~ r:.or·,-xq,n.1:i::;~ C!:Ul l:,o ,. •. ~'9il as u.n e~pl~ c,!? how thls 
!'.,i'•)i.t:i,c r~_;e d.or:.€>. ._ 1~i, it, J!! ~o-Fl•.: 'bt..:1 &r:.;\7~1rt~ f& OtLt.1 ot S:cr.::: di ffercnt w-aya., 
" •. -~-:"; :l:-~"t1:1.•J:o::t.!a~1 ;if tb,;;ce !::?lt·t:-Q!'";.1 ~,i OY!:'.;\ttl :'eo~ r,1.tt".: thl Pa.33"1v.:.\l oriia:rion 

, •. Ji to b3 n:: i\iJ.:l :;,;;i-e:: 

,111'97:0!'.'(l 
~,-w .. -..rl"I ;;~~ l-t~'}1 L~E~!§ LJ/,.'l ~41 COil$!, 

3.97 
I 

• Y~o '-?! 5 19.4 •; 

1 C, );?. 66,1 ,~oo 7 
N(< l;:;9 

,,.,.,. ".1 65'73 B.81 8 .. ,,,.;.::; 

fuii:h t t;(\ l. iX),0 o.oo 0 

V~,;t~t~a l'tt!:.1:,:· !c~} t:-;:,-:;:;,. 0 't;.U 9 y>.:t;::r-;; need i.n. ,;.~J,:\i,iz, UQ t,ho.t thoy could be 
p;Jnc?:, .. r :L.11- ~. u5.n!~lc i;:,J/.t!t.n on ,:;.n 11D,/.T/} ~a:~."'io Ti:- ·oodie th, ent11 i1.;tB i'n this 
I'~,,,,,,,, •. •l''• 1rr·,,, ... , n·,J--,, ~ l (! ,, '.J '1"' ---' 1== T""'" d'~~-'~d "-y "· _. .... ~,,. fi ...,__,_,.L~. ~· "~-' -~- ,.;--'L'J ,,~,..::.J -~ .1~,., ~ _,J •• '\) ,J<.., .. ,l;...:.♦ ·~ ,,.~~"" u 7, !;j ... Y.&.,l,.~,:;;;, 

~ ::.LF1 :.n ·,u,,., cn~J of ,;._~•;~,;• :.·\~,:,,· l:, :•:. 63 of 7. I';). by wh:!.~'t. llll tJie othoro w.,N1 
f.5,v~ . .:..o~t~ 'iL.o s.:_-•·.1.~ 1,::ro-::rc-d\:l';!. Wf;s,.,;; i'ollo•.q::,:d, :l::i "1:rho caso of all othe~' :1:taa.,'11-,. 
r:: .. 1,1] .. f'1,;uc·<i:i. be :ne r-:n,1(JC! ! ofi ,,1; ::.i:18'1, (iigi:l;o, 

Th<, c;u!l,:;tic:". he.a l,ee,n !:'t1.!:i~•:,, .z.,, to whother :!.t 11'1\ii l.<ilg.l.tirnato to mH; tht.> 
c;;je oc;;:·cn obt~·:.J"':o~ l,:; thirz 2.'"uthc-1 to ,;t;;,tt'~ill. the oultipla R b~t~no:l:1 \ha OO!t...,. 
bi.nr .. ~~o:n of \.1i..:J.c:·:iali tect-' .. i~e:n:; uu,d th~ µ.~ooobilit7 0£ pe,1;ndneQ It 1.lt",tl bo~:·. 
c::t;i;,-:;t.:t.~d 'th'~t t:1.io 1:roeetU::'3 e_i\-r>::: :il!",.;tt:::'ttn z;e:r,,, -cn .. d>;:~':" ocri'tll\tion~ rith 
t:-1ti c:"t{~.:1rio:1 u.r.;:;d a~ t,hf) r:,rc•'.t)~.1elt,:.-,..; 'ln.r,:'\.i1'!>lo S.n t!io- tr.ul·Gipl~ l"Ol}r·l:'S~J~n 

·J-=11~c.tlv::if,t It hl"~?J l.'"'<.a.rtho?' ~eiffi !aL\~i:r;tJt-'r.t:l 'th1t ·tht!i 0f.f6ot of mu:r .. :t1.ns.,.,'l:.: thtJ 
~a:1:~:,'- o:..·.isr cooff':1.eien:t. 1FJ <.,:; .$,tl•z~r-:-r.:.hl t.l:~ ~;:tl-u.~ of tho ::i11lt!:~J.,3 R !)-Oycm1 ;t~,u 
tA--C.a ~l,ia;; I::1 this ccr!ne~·~ i: .. :ri~ ,.\:/ ;,,tl . .J;:-.r,c-iif't>J p?' opueB.l 11:<!.G rr~d.o t hnt on.'D 
;:,jri;:•.~:i~nt!.on 5:ta ipl·::t b~ 1.u:ec! tv ,~wt!;..:: •,_.:i.r..l the oodlnta u second t :a d-:.-terr~i~\-'• t~:i.~, 
;'i;brC180iOt1 Wei~;,h;t.;,, nt: . .:,1 u ';·~.~~t•~ ·~:,tr tG'"Y~ 4 ,i.,.~ :s:~:tr"ii~~J:t-.C's'ln 



-, ~ ... ~),::: mt<~,.,'.!,. (l r ; -":IC; -;,-.-.,, ·, r-. i. .-:;<:.:. "'""~nt.;,g.i::-e1r,'.1 "lS::t#it\l'! :trr 

" 1' i..:"o t11SfL 1) af ·t;he rr ~ ' 
• 

o·~ ~ .'.:,':' l,+,)rf;i~,..:,r;p-rr:•lta{ "-?1:lf£:"i•:-J;§:l., 

• 1, ~""$-- ,:, ~ ,::!.•lY);,h?t·\t J~:n, ~ •: ·:f. ·;j:1,,: :'.l:'.J.:~'\:J.-»v;~~~tr:orii!;{ic 't18,.;:-.t~b1,· ~ 

./\" ·r .~ pq/1, -~~"'t bi,,r,~z-1..~.\,: f -'l·•' 1•1° 1'.,..,. ., -~- .:r 11 
'-3 • ··n !!'" \ ~ ,; •• _,.,.,,., O!.tl-"'l."'~1t. ... .- ..; ... 

--~·~-7 :(1 b~· tt.: t) ;·1·•x·rf:_J,~ ;·k .. c':h~ w:<:r.·~ ·,:J,~lght e-'-.~:i:' :Jo:t,.~f!0-1':f j_ i.n. ~-h~J u"e11-tt.c.r-r. 
'/1: , '.;l;ei~ 

:( X1frpl 

J;.. Jtifr ql 

~ :<1frpl/Np ~ ix1f'r31/~A 

✓-bl 2trtJ/'tl 

• \ 
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• 'i15;i"w,. 

;,; . :1 /. 
~i'.f ~ .. ·· 

rJ1, ,f_,i -r 
···>"'!,.'• 

t;·_ 
-.f 

..,:JV-,. 

·r;: 
,.., iC:rs~~i 

~in -".'i '? .. t.J,~do~i -;er111ie:frc.[1 to tl)rm ta. 
·,.; ·,;.Hr'/ ar•,;_.• r~la.",;.it1.C:_y rala.·t.i7Hit bt:it r 1aroly 
~~ -:t: J.~·tt,l:.' .·~~t-:#rli:~p n.s pt;,:,,r1:l1'.la~ 

11\<:,ifl't.i{tf:L' :~•1,-•;;!.'l;:--_·.,. y ,l,,'. 1.'.!Dn r.d"{': ·C..C:l(d.d.e1"',;a{t in i,h0 body or 
1.:1.1 r~·;:ori, lJt:.i't,i(•1;):-.1.:<~:-- ·-:n ~-:_.; ._ H~ri•,. ,.j,·l;1.:!.an.c!- 1ei :pr.,eant.?Hi to 
..;'".:r:,,:1:· 4, ~$he fn)_; t,~: r;i' ·,...-->:\i; t-:.~-...:~ ~. ;• ~- L• ~H ·:,,·t,~.c11r.~"i.:r:J:~1:1 "h/ th:a \/11.el~i.'"'/ :fcrmuls.-~ 
.rer,1 ... -s~.ir-::ntrJ -~21'3 r,-,f.ttf~ y J."'~: 1~:·..:?.:~ ·-.7!1~ er c:-v, t1•'&r,:_!•.e ::1 t,; .be 0 1.t:::!ned fror.:J. a 
,·v•i•;rta;-! r,:· ",.'."U(:::5 ~/;}\i-:kt<, ~i·-~•rj :: ~ 't:> r:, 1.!~ ~~J.itt':; tJ~,:3 b@st p~e1:i:l.'tt.ion or this 
"btf!ti•,,tto: \'/1.an ,.,_r.•:-:.e,f.'1 y.J'J)C ... ,•,;·--,'•1 ~ .. ~;.!1t p:,r:-i·5.bJ~~- llortuner, it- :lo also 
.tt~·",:iJ ·:.l,1!U"' tho.t. ~,n!;:) ?1'~~r.~-,~,·,.n .. :'.. .;:; : ~ of :-,ht'i, :J:L~ld.J 1:lttti to t~~t tflQ a.pplt~ 

C tlH°t)'i,L~ i·r r;f t.h4' t\F,·(h<l-~1"1 f12, f'•. :~·~.- i}i' ld.!~::r~rhi~'h:.l lil.6.t~-rial .on. an 
a,i:taiif/ola sP...i.:'iJ:i:i..Llr~ ,ri.· 4d4 ~·:nJ1,j~•i...:. OJ;Ti'>r·:_; • .ndtios, f'Or croe.e. validation 
~)~ ;~utint~qus~T, u.~F.:llJJ.t'.:,:] .JMt'·Z. :iut .. :r.a,t;_~~ p.:·.to:;:~ to th~ OOMJ'iltttion of thie 
·d ·uJi .. I:t eh1JuJ.1,J ,J~ 11ol1t.t!i'~ '.J.r.~ ~ :·.{:,, ~,l. s 1/0-:r.,lt-fiei:~ on SGl@otion and 
:caill:'..llg of A'.l.t'cr:i!'t N.l~t.., ;,,,,._,; ;,- :"nr~ ~l' 11.)!JJl"<ii"hd. 11 propose.1 by the 
~.i.l'thol:' coll:!.n? i11r tlw ni;,)'J.;'_c,it.::.,,,. o!'. tl,e toohniqusu ·or crooa validation 
f,~ l:.l:~grnpb]o:.il it~~:1~ :1~ p-.-6:J".'~1.ci: .,: .~:, 

.. 
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. -;,k 




