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Dear Dr. Br1mhall1 

bare &l 
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tted 

by the Comnitt-ee on Seleotion and Trtdnlng ot Airorit.:rt Pilot■ with' 
the noomendation tbt.t it be inaluded in the ■eriea qt Teohr:do&l 
Reports i■■ued by the Airmim Developu,nt DiTiuion, Cirll Aerona.u• 
tica Admini■tration. 

Th11 paper contain, a doacript1on ot the orig• 
inal and rert■ed torma of the Muhburn Serio.l. Action .lpparatua 
along with te,et data obtained on groups ot subjeot■ differing 1n 
age, •~arienoe, and 1uoaeee in tlight training. The repon, 
whioh 1■ one of a number to be devoted priaarily to s,ppe.ratua, 1• 
ot pe.rtioular intereet beoauae of the •id.• uae ~ioh baa beoo made 
of the· tost 1n the ■eleotion a.nd oluaifioat.ion ot pilotaQ 
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JiJ)l! Cl1.l.At: fORli.Vc&') 

OM :lmpol'te.ut bf""Pl"oduot ot tho reshl"Oh progn:,a ot the ldioml a.­
HU'Oh Cowioil OCDlll.1«•• QC., a.1.ot:t.tm 1.:od Traini!lg ot A!roraft Pilot• -· 
be•n the dnelopment of an app&l"a.tuij and tho imPZoonmant Of e.dnlng •r 
para\tae in the field of tlig)i.t aptitude t•lti:ng and flight pertormuoe 
r•oording,. Thie report on the u1,e or th• original tons am the d....-.lop• 
m•m ot a rffisod torm ot a 'l'idoly uead peyoh~ or .teat r•prea•rh u 
example of •uoh a by~oduot., It doscri 'be1 a Nrrialon ot 'th.a llaellburn 
AulCl1'llltia Serial Ari ion Apparatus grawt.ng out ot a nu«7 llrtolvina 't.he 
testln& of aY1&t1on a«.d•h at th• N1.v:il Air Station, Pamo~la, 11.oridao 
Oth41' rllJ)ort•, trtating_ the Penaaool.11 data in greater det..U and uaorlb­
ing other appara.tt.1■ dnelapmenta, 'fill ~· publilhed 1n iho Teohnioal 81ri•• 
1n the noo.r- tutur• i:i 

Teats ot thi• type hay•· h2'd a rather long binary in pilot a"fi.at1n 
••l•aticn ru•aroh.l Untortunat•ly the bistDl"y of thia ten u 0G11pl1oated. 
by the tact that many Tar111on11 ot the teat wer• d.noloptd bf in41rld\lal in• 
Te.tigatw• and di:tterent DSl'.!lta giyen to th• r•1ult1Jg IIOll•l•• o•Rourt• 111 
1926 oonetruotad. a Oompl&x Ooord.imtor. lluhlmr'n oaU.4 hl• TC"e1on, 4n ... 
elop•d With Oonstabl•t an Automat1o Serial Action Appuat11&<1> Reid 1n Zng• 

-land oonatruot•d a luaotion Ten~ The fOl"Jl'l being utld at preont 1n \he 
Uo 811 Al'IDJ' .l1r fol"Oe testing program ie oallecl the S.AJI~ Complax aoardln&• 
tion Tellt c Tb• f'eTiaion ot t.hs Kclllhburn dHorlbd in tb:1.1 ~ 11 ~all:ttl; 
'lh• lffh-4 Serial a.aotion Tim App:».•EtU;a o 

Until ■114h time u one Tffeion booomoa 1-·he •riablishect 111.od.•l ~ t.hl) 
name l>•ooao nandard.1:ied it mwrb l-.ie r•c'berri tha~ tbq all FOYid• nw<-h 
the eana t)'Pit of t•st a1tuat1dn1 viz. 11 aebat1T• roap0me• by au• of 
aimulat.od a1i-pla.n• control• to a oh&n8i~ aeritts o! s:lgnal l.ight•o 

----·------,--., .... --.. ~~~------~----------·--------------
1!.?! histor1on.1. i,a\~ogp2JJJvl .. ;t;2 l;,Y,1atiqn PIXW1218.ll• Walhi~on• n.o◊, 

01,-11 Aercn1111:U.oe Adminiotre.tion Dlvi•1ou ot R1r>t1arc-hs, ~ ·ffo.4 4Q 
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SUIIL\RY 

Si.Doe the t1ret World War inveeti~tor1 both here and abroad bava been 
1nte~osted in the relationship botween meaouree obtaine~ on teste of psycho­
motor behavior and the complex ooordiration of hand and foot moYementa • re­
quired ::l.n: tlying 11. plane. Duri!le and subsequent to that wo.r exporimen'l;at:lon 
lfith equi,pment like the Thome Reaction Time Teet and the· o•Rourke Oomplez 
Coordinator, dovelcped 1D Anwrl.aa. and the Reid Reaction Ten, denloped. in 
England,, was conducted to determine the extent· to which measures 011 these 
inetrumenta were of prodiotive value :5.n the selection ot trainees. ftndinge 
seemed. to indiaa.te that i:,>od perfol'11l8Jlce on motor tcsta of the serial reaot:lon 
type bad some relationship to succeea in flight training. • 

1li th the aid c,f th.a ba.okground of thaai, eor1.1ur 1nvefrtien,tion•, Col. II,. 0., • 
lhahburn supervised the building of an inatrumnt in whiah the actual control 
opera.tiono of a plane .oore aimu.lated, and in Thioh oerial reaction of hand.I 
and feet wu deum.nd,'3ci in tho testing pro oedure. Very euly thia inst~ 
was found to be qf value 1n ditf'e~em.1.a.ting bet-ereen g;>od ru1d poor pilot traineee"' 

Thie r~port prae0rtts a description ot a s,im;,>lltied re"lisio.n o:t thia equip-· 
mant d1tter111g from the or1{;1.nal in that it is ccnotructed of pflri.e purohased 
from etandard C11U1Ut\:urturor1~ .r.::r..l..1nr; it ine:;q,onl!liVe to build, tairl7 ll""t in 
oonstruction,. and eaey to raplac@ S!V-1'6 i-rtr.. All equipment ~onatru.cted from 
the spaoiti~ations preaented ar~ comr~rabl0, facilitating atandardizaiion of 
prooodwe and o:peratio:n., other chAra:,terilltics of tho roTiaed motlel are the 
inolusio:n o! at1mulus lighte, rela:yn 9 buzzer, and. transformer in a compact 
fLU!ltal unit, ari.d tho intl"odu.:itioil or "'dietraot1on11 lip.ts on the panel asaembly., 

PraUud.kl>,-T'/ data, were ooll,Mted wlj .. h both ·the: original nnd re'ri.r;od f'oJ'U!CI 
of the equipoont on i:aoro thM J.800 a1 .. bjecd~s. vw,."1.nz widely ln flying expel"­
ience 1.tnd reprasentin,,r both eivili!il-n i::nd r.ava.l pilots. An ane.lyei■ Rtl m.:ie 
of tho obtained soorsa t.nd tos"t'! c•f ctu.tistic:1.l signif'ieance applied t.c dots':.~,.,. 

't:dm, if the diff"ereu·~;;;s 't•e,tveen grou· ,-:i r: r- i: v...: --1~sf'ul &tJd unsuaee.esful i 1t:_._,f: ·J 
.rari, ai{!;nifi.ou:at.. l'h.d fol!o1:1i~ t,eto:,ativs oo:-!.~lusloM and suggeotiona r..,~uh1;1,d 
from thb f;JturJt3 • • 

1. In eaoh ot the uoups studi•d the diti'erenoee in distribution betwoo-n. 
th• eoorae or unsuco•s•i'ul and eucaesatul'pilot.• wer• aiGUlficant lt'hen cYal• 
uated. in termo of ·the crit, oal rt.tios ba.nacl on the stAndard erroi-a of the 
ditf'er-enooe bat\7oen mean.a, and the chi-~quare P valuoe. The aritoz-ic. tor 
judginr, euoos1J1 ware (1) time to t1olo and timo tor aertifS.oation £01· pilot '11 
lioenae (oiTilian eroups) nnd (2) pa3&""fail peri'crmnoe during fllr,ht t1·d.u-­
ine (naval groups). Thia prolbrl.nory evidoooe sµgr;osta t mt tho toat v,ould 
be uaeful ao 'Jn& of n oo.ttori; to an,raiae f'aotort1 rel&ti.nt to tha aoleoticm 
of pilots m.ost 11koly to suoceed in flit:;ht t.rain1ng., It muat bo point ad out 9 

honTor, that all. pilot o ranking high on tho taot '.Yttre not auooosistul in 
flle;ht traininr;, ind.iaatine that ot.h,o!' te.at;ore arti involnd. in l(ffl.rning to 
ny whioh aro not moaaured by thio t oat" 
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2. bitercor~!J~t.\onc ?tXot1;; 'th~ t.~ro., Ottri-0a 1lf J.3 aett! -,~~ft wtH"'3 cut'­
fiaiently high to IIUf;e,o.'lt tha't th, t ,-,;:t , ,,.~ ,,. w:10:i.o, pOIJ &>Jaw:ia ·;taf't'1ciem 
reliBMJ.lty t:vc' tnrthar l"~0ei,,roh on ·(.ti~ n3~ o:t' t:,o ttCf,p!'.r11:,111 in th.o pr&# 
dbt.ion ot flight BUJU<M!J. 

3. facri.ors ouu!J. e.~ i:.co, fli,ilrt a,.;;,.,d.eno,., a IX\ mot .h•,ii. ;.011 intlu.eMe 
pcrJ',:,rmanoe on thi• ta!lt. 'l'h" dat(l •mg(',,,&'J th"t tho tlfflt ~-s =•c !i.ppli~ 
onble t0r use with baginn.'lng ,rt,u,'.enl:. J, or tho'.10 ·111 the e,,,rJ.y S't11geE ot 
i"li[;ht trainin11,t duos th1u1!'l ,•,ro,;pm :,ho-,md e. grel\ter 11pNad ~t "corose. 
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:i:'l.rly ;in t.n..1 hieto:cy ci' ',li.l.Qt t.-;.;;d,:tln~ it mis disoovared that iual1J 
studont pilots failed to oomi)lot.<:1 ~J.ai~ flig.l,t troin:ir,g in spite of the 
fact that th&y hnJ ~$B&d !".igid ptyo; ~:?.l ,.;xami2tio11s nt the time of orl­
e;lnal oeleetion, 'l'hia tact 1..ad tc tt•a ct,~ ... alQy..r:ient o!' soleotion tachn1• 
q;uoa, dirsotGd tuw".t.rd tarr'.;orJ -lth>E,:.· ths..,_ tbcse rolat.ad to phy1,1oal f'itnesa.,, 
Since it appearad that £1::il",g an &.il.•1:::J.a...'10 d&mandad oonplex coordina:Uon of' 
hande and f'eet t t,mphruiio na plr1c-ad c~~ -~~-~tors ll ke motor aoordlm.\S.on Uld 
relllted :9aJahal"'t'lt◊r behavior.. Azr.,£1r,g ct·:1i;r tieast~ri~ instnmiontl! in thi• 
urea, and iu line i.rith t.l:~lj e-mp!·sr,ir s W!U! tht, Mn.shburn Serial Action Ap­
pnra:tus in whial1 @e?t';ra.io ..'J:!.r::ula;ti!l::; ·;;h{)ee feu.'ld in nn airplane were mm• .. 
~t'lili..\t.tu;\ b7 tho l:lUbje,rtt< ma.tine; it ~,,:;!;.~ibl~ to ~,euro .:,ertain upsets ot 
\ ~;),Hir,r under atl'!t~'ld<U·dbod ,o:r.U•_;t :11.. Expeden~o 1.rl.th th.le inatnun&nt 
b:i.J.i~r,'ted that fll+-hr)"l~ wh\l--: e$i"J:'-o_r1:J ah:~ it wae not wholly adequate ao 
a. pl:'·1::::dietor oi' $1.1co~se 01· :fiul'-t,r1J i~t tllght trd.n!nfh it TJa8 of euf'fioieut 
·mlue to •mrr,.u,t i.ne1lusioa in• e&luoiion ter.t batt&rioec. 

Ti,it'! r8port presente ei.' cteaerlpt.t,::1n oi' the ¢rl.giml lkehbunt appo.ratua 
as doveloped 4t Ra~dolph Field, a~d a detail.ad diacusaion of & revised or 
modified form. of this 1natrumant 41nd-=t at Harvard Uni:reraity.. 'l'he reYiaion 
toolt tho form ot simplifying f(nd robnil.d:i.n~ tha orlG!,nal .mod&l with star,, .. 
da..rd ()q_uipment obtainable trom COtmn{;t"cirtl me.nui'e.oturors, thoreby- ma.ling 
it p:.,aeible to reproduce tho 6.ppo.rat.ua rnora sa.ail:y and at a greatl1 ro11o 
ducod cost,. • 

The report a.lso presenta J"eouHa obt.;.inod on ls.r,;;e groups cf pilots 
during variouo at!lgee ~f flying.. T'no gro..ips tel!lted 11or-e 200 eivilia.n 
-pilots• 7.50 naval aviation cadete and 82 1netru.otors at Pensacola, 400 
student pilots in the CS.vilia,n Pilct Tre.ir.ing Prpp-am in the Boat.on area, 
and 86 advana-ed o.F.'r., studante in training f'or the air terriea senioe. 
Da-ta obtained ,,J:1,th thE.t ori~ial and nr,risiJd app&ratua are presented, along 
witb a prelimi~ry amlyeis of eoor~e in relation to poor and aucoesaful 
pilots at various st.a.~ea in their nying oanHU"1h 

Tlti ORIGINAL MASHBtmN SERIAL ACTION APPARATUS 

•rly stuM.ee ot motor coordinR.tion and reaotton time indicated that 
motor t&ate ot a serial reaction type we:re more closely related to fl.Jing 
than were thoso me&aurins d.nele reac-t1on times. , Thesi, et.mies led to the 
devalopnent ot aerial reo.otion 1.aat.n Ju.eh aa the Thom..- ~ction 'l'ime Tea'i1 

llrhome, f. H. and $noll • C II F" Soma ob:senatiou 011 the reaotlon 
time of S'tudent flyere~ IQ.lit, Sur~ .. • 192.5, 56, l45~l52" 
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,, 
and l,hs> C, 'Rc.-.irka C11Jtpl.ox Co.:,r:lir1'>t G,,•- (d.,1';el11pad in Aruori::.:\), e.nd the 
Reid Re!id~on Te>stj {dev&lo;:,0d in r:n;:faad}. Tl\11 Compl!:o: •>,ordimtor 
~.,.. dnitiad. b/ O'f\oui.-1:c in 1926, li.<1~:,.•,·~:·n heg= usinc; H :_r. lJ21 ll:1.t,1 
ll, 8. Air COl'PS pilch at u,:,,..'1dolrh FieH., Te;ra;, On t:1e >,si~ ~'1 !-,ill 
111xpcri6llO& hi.' da•rnlopt1&., in 1•:-3:,_, II. "!'.;ff "Pl'.lal'll.',t.W whioh 111l.! onllad th,~ 
!k,:,hburn .i\;~rt..:.:~tic &~r:taJ.. Aotlor. lq•f1.1a -~.tu.s.. •~• ConiJtabltJ con~~=-uute1. 
the apparatU3, !Uld Wot'k'!id o;·.t tt:,, 1·J~~J.,.a of tho wiring a:;··:t,ocJ.~ l,"a<'.l~1-
plate description or the or:gina.::. t1v~cl any bo :!'ound 0l11ethe,·o. • • :; 

The 111p'!)1u·at,ua n.r. e.0eir,;:,.od ao a., '~\} l'ou~.ly 11:!.mul:..te -~· .• e ~tiok u.nC 
rudder lll0var:.1111ta invJl~ed :.1·, n,•,:n; "· i:,hns, ThG aubJ0ot ,,eaots ':so a oon­
tinuous sorieH ot ligh-tei 011 tho ::.,i,;L" .:..o.,mt pimt>l by m,:,rlr.f, a a,rt .if QO:!l• 
trols operatod by tta Ln\dr, ru;d f8,.·t, 1'h!l 111.pfl:lN.1,1., :l.s 11.:Lo!lllltic eo that 
the aorreot roapon:o~e ~o one. i.;$·~ .:.f ,:c·~,i9.l~ 1:ith stick an·i rudder 111.ut,1u 

matiaally ati·t up tJ1:, 0U-:)ec·:ding "ifor:l uatil <:;!,9 o;:t!.re ~e;r·iee is c,:,,,­
pleted. 'l'ho 11nlhjsot 'e ol1oni is [;ivi;:: :'..n tar;un oi' tho tot:,L tir1a r8q:i.:,rec 
to mkEl the oo,npleite sc•?i~a ,,r 4-0 3c,'. :.'._,·,c;t1, 

The signi,.l plUle", ,0 v:.u:.t~J in ;om ::; ."!..,jy!; po,,:;. ti.on in .!.':, .mt or the :;~i:, .. 
je~t, oonte.ine t·h,·e.· do,,blo r rn: el ;,.-.,':.llol Hgt,tv, tll:l.r, ien in eac!1 :r'-'1:"o 

On,1 row in oanh ae1; of li(:l.' ~ .l,i n:·l •.,;,_; ~!,a ~'.}'N• gn~:1. 'l"lle r.id u,;ilt,~ 
~o aignal li[;lito tht c•,,rlt ;.;;to!.:,tJ.c"-'-lYI tha 8'•"ile,, l.te;ht·1 are th,; h]" 
pc,:1~11 lir.;.'.tll, nz.d arP. tl.-\.r ,e•. ly w-,\,,r c .;,-.t1·,:,). cf tlr aubJcc·;, Or.1y onP.i lizht 
is illwur.atcd d a l:'-n1!l it, 011.i,r, :•:1:,, 'f',1~ l•ot·.,o:-a row ot H~'it s ,io:ro~po:i~e: 
-to ths r.iove:nent11 uf tbll .rwifo,•• ·:O,t0 r,,rr,Mciteu10'4r r,nr Qf :l.:i.ghts t,, th;, $1,,_., 
v-e.:cor, and the to,i ruw lli' .l.icht~ to •:-,.,_, t.ilarc:... The c~n-,;;•olo aru t,,., ~:rr,e 
doZILIOnly \.l.,ci\l( in tbc ~rion.r-:,.r ~?£'.~_;,-5.n(; 9J-:..nee..: ~J.'hc thra,, •~ .•ria~ of mc1-,~a:JY:;~ts 

oorrespor.ding to· the rud.d.0r,, ol{.1·-.::·.~~·!"'~ ~r:1 &.i; Ja3rot:. e:1.1t ·;..,e ·n1e i!"tr~pn;.Jfl~,.atly 
of v:i.e.oh. vt.11{;!' ~...!':.d da .n.t>t t .. ~:::t::>:3.J!'',;:'t.J.y ·:·:ii':~.,·i'1 -',:;f:o -C.."";.-.ot'J.j1~~v· .... ~ of cne u:.th t!:iQ 

c-thct•-ri Cl 

S.t,'\"Srtz.l ts:!t.a h.a·re i:;e~n1 C.:n·i"-l,,2;•~--.:1 ,;r:~~c-~-1. w:ttoh .,ro c;;.» ~ .ii:'ht\'t l;'.l~.roL;. 1-,r:."' {~ 

principle to tii.H ~ef_ihv.t"lt s·.sr!.~J },::.:'. \ ~· 1 c';.p~~.1.1.1.r';,1rJ. ::~~c ~, 1) :-:u&·;ti!itei. '~·/ 

3ne!d, ~.n:1 Sig:.'lot"' 
q1m.li tie~ trfft g., to r:10.:.a 

1~~1:, :'1.-,;: •~ ;'.'1. • .1:t.~:-n i:-·.:_:,i·~z(-,t·ut J 

r., r~n-:,r, : !J.;:;'.,.., Jr3J.11"-'t.:1 l<;12fi, 
• • ,. •• ,." ;.a', :I,'~.:;,, 

Pl·..iktug <Hlt tr~, 
2:1~ 80-,,9::i~ 

~rJhbJZ"'n., it. C .• ~t,HF . ...:1·t1 ~- ,-1_,1~ ,: ~-1 ._: ~a:•J.\'U c.o\ivt2 a,,:..r,,i,"'.1.t •\t~ 

te;~ting flyi~~ tt.ptiJ .. 'ldt1,, l ... ~~i:',.;,:~..;;:l:_,~::i~.i- J.};'.{,, 5i ;;r:, ... : :~c-~ 
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111.lliW'l'JJ a.r.d deaignod fl'md o::inati··,:.r::;,.lld by Dr .. £~ J. Schuster of the lledi• 
cal Resew."'ch C,mnoil ~ E~,igl&nd Ct?~iets of a pilo\ ~s seat, adJuat1ble 
t'Udd.-,r bar,• stick, and 111gm1.r.ated ,t53t ~e.binet mounted a.bout 2 feet in 
front i>f the pil-Jt~a seat. A spot of light, actinted by a grooTed diao 
whloh revolves S.naide the cabinet, mov;33 in a definite but irregular oours1 
acroas tho glaos scree.a for a pavbd of 100 eeconds o The oandidato baa t-o 
WJutralize the irregular t.10vement• of this apot of light and lteop it o•n-" 
tered on the ar.:::.-een;, by mean.a ot tbe rudder ba.r tor l&teral de'V'iatlou, 
&nd tha control oolumtf for yartical deviatiom,. A.t the same time oertaln 
diltl"ac·tion1, !UCb aa a :red and whi.t-o lir;ht in front of the oabinet, or • 
b•ll. and t.uuar, hav• to be ooumoraated !\a 4uiakly ae possibl.e bf 
moving a le,:er nth tho lert hand. A e7stem of differential gelU'ing record.a 
thq\ soo~ on tour &ep!I.N.te 1.iuos for leg and a:rm ~Temmt·b, reaction to dir·, 
trn.oticns, and total acore reepeetivoly. Two trial t'Wl8 are given 4n.d the 
1oorea are r~oorded on the third. n!t!.~ . Thia ·hst givee a numerioal reoonl 
or the candidate'e ,.ham-bandsdnelJ!!" or 111 liaad .. footeclnes1." No reoent date. 
aN o.vailable mt.oh ha.ire bet>n obtr:.,.1.r:od with .thia apparatus, but the pr► 
llmuu7 results vore promiaingQ 

ln tho rerlllion ot the lirlshbu.ru tHt dHorl'bed in thia report no a:t• 
teiript ns ltl.ade to ci.rtge the 'be.aic p:dr...oiplee ot th• orig:lml apparatua. 
for examp~e, OM llndta.tlon ot the tHt ia tmt the three ad.Juetment■ (rud­
der fl aileron, s.nd elrratod oan 'be mr.de independently and thus the abilitJ' 
ot the aubJect to ma.b 12,0rd.W:;ted movan»ntr, <>f aeveral oontrola :ls not 
d1NotJ.J maa.eurcd. The prHant revision ia mrely u attempt to prov.I.de 
u 1neti-ument wtiioh would se.t1sf:, three importa.s requirements 1n an ap­
paratus test intended for wide use in 1. pilot selection progn.a11 (1) it 
ehould bo ta.~rly inexperu1ive to r,,;1produoe and aimpl.e in aonatruotions (2) 
it ;mat provide aoourats date., comparable f'rom one inatrumeint to anotherJ 
and (3) it must be rusgad 111 ooflatruotion and easily mat~tned llbile in 

1 uae"' Th• presf.1;:'.lt.· revision ,~ems to satisfy then three Ntquiremen:t.a, ••• 
peoially i:n tbr ... \ 1 t uses stan&lrd _x;;.arta a.vailule from ocmmoreial mmtact• 

• ur1tr1. 

THE RffISE1) S&.~ RE.\OTIOff TntE APPARATm 

! , folloYing is 1. detailed desoription of the Rnleed. Berl.al Reaotion Time 
: Apparatus. Phctoatate ot uobardoal dN.~ of th• appan.tua are al.ao pre• 

••med in 11gures 1 to 6e 1 , 

AC> '!)e SiS!PPlJtaly !1•!!1!1::•4 ~YI; 

Th• oompletely a111Ulbled appe.ra.t1» giving the ftrl.ou OTer-a.11 dill!ID"! 
don ot th& wooden .truwwo:rk, ohAir, etiok, rudd•r bar, and :U.Sht puel 

----------------·-----------------
'1A1ttinghamt H. •~ Jlsdioal reaearoh and &Tiationo l, RoD}; lfaYI Jlej, 

ba.•, 1940 (Jan, 4 lj•24o • 

'lln the photoetated drawings of the apparatus, S01'119 ct '\he dimenaiona 
ha,-e been cud. t.ted. so ae to 11.lUe the drawS.nge. more euily in\erpretedo lt 
aorunruation of a model is oontemplat.ad, the origiml draw1np ah~uld be 
obtainodo 
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it eh.ow in Fig, l. Tho bo.e3 ,c,•; nprl[;l',•, portions al.'o ooni.true'!;ed of' 
plywood. Thie l1l8Y be aepa.,a.teo. :'or eldiJ1l!flirt. by rel!IOTing wing nute in 
th11 lowor part of the upri[;);;-, t ,n•~i.on ac:;l cliaoonneotinz U.o el.e~trical 
ea'ble11 by ip.ee.rui oz the l!ll."f!:,1 15 iJ<:>:'..?-.,:; plugs. Tho soat ill udJuetii.blo on 

. tho ple.tforn $0 that ell.Ch !\lllbje-"-t a,rn J~sn'orlably 1"flaoh tho stick and rud­
dor bi;;r • 

The apparotllll funoti.on;:i 1uJ !'ollow:u The ll!OVemem;s of ·~he ert.iok IU'ld 
rudder bar (ll'it!, l) opent,; rilact.rio"-1 IS'rl.tchos l!IOUntod di;.";lctl;; benimth 
tbeoa coptr,olt. l£liu:itl:'iCAl tablas e<.1!'J1acted to thc13e swit<:hes run to tho 
top mJtal Mbinet or the urricn-t \'<c,J,,;;n trame and are conn'l<>t.ed to the 
li~t pamil lll.r.d variOU!i! parell CJ the <lle'3trical circuit {1":tg. 2, and Ar,­
pemi;c ,'l.•2). r.l.ovo:n1c>m,1 or th& :it.i<>k f::-,::n side ";;o eid-3 111,im1nt1.te the 
green li1.;)r!a, in tlla ar,i !i.Cl'Cell -~J;e -~·-·r uf the pW!<ll (Fi,t, l), illlvo1xmte 
o:t· tbr. stitlk :l.'or.r<1.rd Rn.! t,.:,:;\;we,;;t. li ,:·"; ';;he <!7'<ien O:IWII 'i.l'l. t.he Ul,ll'f&!:r', 
middle row, Wh-'l! all tbl"M, Gl'G ,n ll.f'.'h~:, mD.tch th"l ill,~z;it nted rod l161t,; • 
they olom, the aircuit eh,,-,;, ir. ,:o.r·i ·; :·:um ti .... 2 (;.pp,mi.ti, A-l). lJi,(,n 

completion of thie c:ir..:t.,lt ,ha ,,,,;:, ,, ~.,.,,,inc r•Jla.:t ii:; aa·Hw.te<i ,·,,i.;h 1pt3 

up a nov p&ttel'll o'l r.id li:;M,r. ·rhi..:;s lJ r1-ti;orn:: i:v,'Ve b,J.~l\ a:rM.tra.r,.ly 
Gh086ll'.l and are li 1/tod :i.n A_;:l;lu'-.i .. , ,.-;: , 5«ction ,\, 'l.'h.e n-;.;Jl'.\>;;cre and lo t,ta,•,s 
lato~. in Append.i:r. A-2 1 S,i,'.);;i,,n n, , ~:.teat;:, t:u, elcct:d.csl aomiiilot.ioM n3u,.,;~ 
GIU'Y' to eomr,.ete tl:.>J cl'l~t,·:t~.1 cir~,•i:b ~o v::,.ri(rn11 p1:..<"'t11 Jf tiii'i apJl(U'&.tti':l, 

Oue of the moot :1.rr..90:.. ... t3..,"1.t a.Lt,(_ r,,,-;_ 1 :y-._ g :tn th<J r·evith1d ~)};Q,l'nt u,zi oo~)* 
si11t11 1n a,e,1e!llbllr.g; 'thJ ~t.L::nlw, l:lr;Ur,, 1·elt1.:,rot tratlllfori::~)) arid buu.;r 
in s. metal eabir,et s.e s ,m'. t, .c'i::l 9 c :JcLt.e·~ can be p1,11.'":)h!)51d fr~::i th~ Pal'" 
llotal Proeuota Com,'11Jly \Ap;.md:l.- c:). 

'1118 ·i:l.l:l.&l'l1!iona aud a.rr.,11-.:<'E.j;l.f. c'. ~>•) :tight pll:tl'll 11.0ll"·:::;bly 0\:!''11 ah<rtll 
in Fig. ?. , 'i'he five light~ ~:t,.:· ,; ee ri: :,J..:t, p.L•,:t no !)!.'rt: ~-"' tht: :i.':;inc~\Qn­
ing at t.,'1.e test., 'l',1ei;;; ll;:;'.'lt.~ ·:,.:·,, c ,r.:,,:.otol.i ,:1;~b tb,:-, main ev!.t<Jh and I'll~ 

t-1.n illu.mit11l't,Jd d1.r~li-:;g tn:'J t(::E ~ 5· '/'-,._!s flJ.".1~r~~£l'.i-t cl tl:~; pnraJlel T'Yl'fi 

of re,l e.ni gr-sea lii,;ht~ :l.11'o;u,-;.,e1 l,n 1-.,,11,nc.:l,lt A-1, X. Xt ·.',!l J,;ttm:od w-.d 
nwnbored tor oonve1u~t1~;;, ln 011,~tl.:·1,_; :· .~ r.JOthod !.If w:1.r.l.ti,g, Trio ·,::;,lot 111'J>t11 
and eocketa wt.ich are r.ic-=t~'.l t .. :• .. \..J,( ~~~ ,,1i.ldc.;C1 or J1117.t!!l!( (Fis., 2} G?'O 
1111aurlld t<> ,;,. frw,i-;; a0001·~.i>:c.';· t.(, :'.:L:n1.;;;ion.-, ~TIHI in r,.g. 3. 'l'ti;; r,oe:lti,:,r1;1 
of c.onde»ser-, vaou~ tuh:-,,c..-•vi 1--·J:fa}'Z r.x·s f,;.hattn. in Fie. 4. 'f!\tt n1 pe.r-tt:titu 
ie wired ,;.e 11, unit ar..d :aount~<i. 't, t~'-' 1z,.pur p!'.:.-l: of ,;lJ,J 11,_;ht .'ii!.\ll'.ll bo.A, 

Sii:j1t2r'!! Not<e.- 'l'h,;,ne "dL.:·~~•c,c~t-,Hl" lif".ht<J l\'srn a;l.•:\r.<l b the r-,y:l,:,cd 
mdel of the Jlaehbu.'ll, altc,Ollf.h i;bi:r ·.:·p 'CO rnt OO!l$i.',Sti;ntl:;, t.!l!ed iv. ~"" t~ilt -
ing Iii ttUt:tion4 An uzr .. 31·.ima~lt,\:i.--~ l~tc i~ ,:t;-;,atl on ct t}Hi afft'c'!: •)f t.:res, lir_1'-'!:!$ 
:;,n thet: perfc:r:maneo ot i~v►,,f>lt::1 a.,~:.;.:s ·~r.~• teF~ir~ pr~t,:t!tdtt.:,•t) 1 hb!.ia '.t'..,¢i;:r1~ly 

boen ms.da!J se,,1 '.aQU;}f\~ ?l., :._).~, ,J·1xhs-t,-! G,,, E,) • t•1n:t1(H>, K~ l\'.; 'lb~ t.>\foct :~f 
~ptn;ct:ten l:l.gJ1,tq,~;o.r1 .:9.£ ~;-~!i \: '"'!'~ ·,:\)t;-:J.~•.hbJ¥"!1 !'~if~~ ~.P~~tfoi- .... 
.i!.B!.'.!"' Washington, ::;~ tl. r C.tA,A. :'!.':.\\ !.~1~s:i'\ ,;;,f f~.tF,Q.~~h, Re-.r~rt No,,, 29. /_pt,,,J.1 
1944, 
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,! (\.;!,'",;;')•)~ t·•;,-r··1t:,:t ,,.·,,..•r-4 u.~,i)-· • ,,. ;·,< i: ) I :,e li:.::'.,rlJ.J,11• 1.t t.i·.e X'Gll\ii." 

c:.r..r-t, of tho 11:..:J.~ p:;-,r:;.:,:. 'L:n -:_.,., :·,:i·-.\t-::·:i.~;~ 1i1:..0 n::,u.,;;~;'l~n ,,rrli,~o/1~c• 
·~,ion cf. ·tho ?11.x·.'L-:,•·:.,; 'U"l'tf,lc:.: ,~1. t::1~ .. ·_ r., ".h,;1(,{: .~ ,-,,c..c, ;:,f: the 1:0.:-,,.rAt, c 'tho 
.'.ti'.;r.n:•co::.r.~:-.tltr.,i b~ ... ~ ..... ,c,~ ;,: ".:-•,l ·:~ ·,-:\• i:,,'{', 1:.ieM r.c:.5,q; -;:·11 ~he e,1;.i:m11.uo pn.t ... 
1'-1rau ~lt t:1.,1 ft;•J l:.1:::~-~~{~ ,, :-i !,l' :- .J .i-.. i•f:',;:;-· .,!.' t:-r:.t o ,;~,;;i'.11.'1-..;1 :b li.eto.:i in 
,:.;:p11~di.r; t;.-..2, "'J .. -.t::. !) :1 \.~. :i_":-s,,;. ..;.t,i:: i?:' !lt 1'., ::4o:1 \"fhi,:;li 2\-,l~;;i), ':..i.il '&!13 eoqtkW.~ ~ f 
htimulU£ ,, ... ;J;t,;.~;.·•,1•$ '.!': i7~11"ll'fl "l.':h~::.7;1d.~oJ.l/ ~.l. J.p;)'ln(.!i:t. A•l, S-. • 

Iut;;;,r·c..,,:::ir,.~;-::;•·J..o·.l, 01:Jt :,11~~·- t;;~ ~.-.:>:t:-,;.;J 1n eE:fJh ki.,ik -.:.f this ar.&pp1ng r&• . 
li'\.y {6) a:ld ~,~-~ ~~rti·,n 1;,, ;·w.·~~~l U? t.:,•f' .-...1,,,0 ,.,.t!"~oii ::a ,\})pori-iix A•2 1 Seoti,1l1. 

:u.. l:.,. o?-=.o,·d....\'1:.:. ,r_\:!,Q e::-..-::L rrti.;; • ~:.,~ •.,:ii.tc,·n, ~ .. A(I) &Uhjmb ?.lrJ{'l'i, m<.r.re tho con~ 
~roll" so .:1!'! t::.1 .:: :.,:.:;i.·,·~.- i, ,'.; alf1·::',.,.~:~.;&J. c5 t"~1i-!.".'..1 \!inl·:>h e')'(; up :.he next pattern. .. 

·rn.e ~-,1.tohoa. cp,):-ct,:,i '•:l ··:;-;;; o~71t\~!!.u 4,:i,;1 CL'l.~•arJ:1~ iti .'lJ-'l,pen:ll;;: A .. l, Z. 1 and 
.... ,.'1"' ,1 ... ~.,.,, .. n .......... ,,e:·'i ... ~ .. .-.i l;--i.-- •. ,.\•--, r-1.,,,.,.,, . .,,-,"-1- .. ,; •• ,~ ri-,~~ +~-~ .... -., .. ·n ·},.~-l "-o"'-.a 1T) 

... ..,,,-,..\f, .. ,1,t. ~ "-iW,.i~l'i• """V,-l.ra.""'-.~ .r,; 1,,r~ li'-.t."i 1,,r ._-.;:;- ,.., ,. t.:-'-' ~.• ,,..,.., ..... "J .,,..1,1,.:,i, 'f#t~- uv....., .. ,...,, ill' ..rA .ii&i.~ I..,.' v .. i,-,., \ 

r:.:i-o ch~·.--:. in ,;£,j"::1:-~i:t .,.~ ... 21) :l~eti ~:-'i '. ..., 

Fig .. 5 thc.u a o1i~.e \ .i.c,~ a,1rl !IL ir◊~"-t ,•i~• ::i·i' 'tiia mi:•~h&rl~.a.l OJ,)Elretion 
ot -t.ha ,r.ilaron and ,elewd;or asce~:Itily-. 'tb.f'} (ll6'iati::;. .. Qontactt .J-vitoh. is a a.,,, .. 
11!:-le unlt J.oeat;.d direotly beno:l";'h tlle eti.ak,, rot.~ti~ in u •11-c ai-ound a 
sogm~1,t of o. large gair (ll-3296)"! A um!tl1. p1?1io:1 gear rotat'9s the arm of 
the wl to~1, the oontnet pt-iuta c-:' crrJ.•-:1'.i n:t--, rired &ooo:rdb1g to TI:J.r1tlit Plan 
th>;, lr i..ppendix A""l,i, Only 13 f! 1i.ld,!l of' t~~ standard 20 poilit awitoh are 
\le()de 8im::ia th, elava.tor m.:f..?,i' -f.s :mov!-1.bli.,, the paii,ts ere wirsd with 
p!:J.ospborous brt::!;.:ro to pi--evont ]ua.;~.?,i;_"i'111 'l't:o a:f.lorun mtc~ 13 stationary 
:-r.ml io show on fir; .. S., ·~1ai c--r.., '!f" tM.a ~\'d.tol~ i:l rota.ti!id l'JY, a amall pin.-, 
ion tur·cad b7 a r;e~t c'f a l~J."'g,.r ~-m:-. 1.'.ha oor,n~tione f:rcm thie switch 
aro ehow in Wiring Plan rt~g le 

r:" ttL,o_!~qdpr .Pss.~...2!..A!!r~~.l." 

1i..gu.re 6 oh:lft t.ha top n.nd u.t5'3' vi~,, l)f: tho rm:.1de~ oontroJ. a.asombly,i 
'!be 20 point coritact airl.tuh 1hcw:z.l ikl Fig., 6 it coruiectad &001Jrding to ·;r1r .. 
ing Plan No. lt Appendix A-le 

f • P.,aorl.]i$1011,4,t S;\Qnd&r,j.J'..!.r.:Y~~' 

Standard i;:ea1·s have beaa un-titl iri tl.e ~t.1ek and rooder control assed)l~t'!JC e1 

The small gears connected to tha r,::.:trt.tine ..itches are cut by lathe i'rcfll, 
Boston Oear P1r-lon Rod, vM.oh h&.3 twel vo tpth thirty-two pitch 'llth three 
six.teeznh-inoh face,. These atl'Ul geau &re drilled. to sise and mounted on 
the shaft of th9 rott~l""J 13ntch-. Th.3 la.r~ cears tor the rudder and the 
aileron oontrol m.u.a:t 'bo out ;10 l'.l.1, to eltnr th~ asBembl1r platei= 

The 20 point rot.an, electrical O'<litc~~• are obta.1.nablo from the Guard­
ian El.eotrio Compt't.Df {.A.ppol:ldix O) ~ Only- 13 points are used but the move­
ment produced b:, the controls :l'it.l'i TG:t'Y \\'OU to tho seotor sGt up by these 
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20 point. nitohe11 • In ordering the rotary 11Witohe11 it ehould be ■tated 
that ah&f't1 one-ilalf' inch longer thlUI 1t&lldard are de1ired, 

In making the electricq,l connections to the elevatcz- o,,ntrol 11witoh119 1 
pho1phorou1 bron11 wire 1111st be uaed. This wire should e;:-':and away from 
the contact points for approximtely one foot because the :JWitah 11 cradled 
and IIIU8t be free to mow. Thie movement wean out ordifllU'J oopper wire 
conneotioM. 

. The ain ste1;1ping nlay is a Series R stepping relay, 2.6 point con• 
taot, (f'our bank), lade to spacifioationa by the Guardian Elect'rio Com­
P&DJ of' Chicago, Illinois. The ooil 1s designed f'or 110 volts A. o, 60 
oyole ourrent (Appendu.O}. 

In making th'!I eleotrioal interoonneotions a.11 units &l'·J wired to a 
•central term1ml 11\rip which pennta tho r&m0nl of aey ur·.'.t f'or repair 
or repl&llement • Fourteen wire. oablae ·~1. th ool'l!l0ction plu:;: J are uaed to 
oonnaot the .ewitche1 'Sith the ooiltrol oi:.binet,· Thie em.bl 111 one to sep­
arate the lower wood base troi:i the U?ri:jlt part to facilit1ltl the ehip-
mant of the appara.tua, • 

In the red light 1t:ll!l.llu1 pattern tl;are IU'it 13 different combinations 
as de1igmd in th& original. Sel'ial Uaa.ot,:lon TilG8 apparatus, Since tt.ie 
ai:-rangement nay be oonsidered etll.n!!!l.rd1 tho buzzer ha.e been placed on the 
thirteenth aetting,and the 1tepping rel~y reduced to 26 points inetea.d of 

• the original f'orly. It waa originally pl11nned to reduce this stepping 
relay to 13 points but a relay of' thie type was f'ound to be il!lpractioable, 
A 26 point stepping relay \'liUI uaod in its pl&e,, 

The time delay for the 1111.ater ral!i.y io obtained. by the uae of a vaou-
11111 tube and oondell!ler as shown in 111'irin,~ Plan Mo. 2, Appendix A-1. A.11 
interoonneotione are listed in Appondb: A~2. 

CJ, ltg,b1lity ot the App,y&tlll}, 

One model of this appi.ratas wa.s in 11.lmoet colllltant uae for over it 
y81lr under the 1uper't'i11ion of a trained tGohnioian. No ditficuUiee were 
encountered, In 1;he OW10 of two similax- lllOdele slight adjustments wore 
neceasai"1 e.i'ter shipmal'.lt and d~ routine testing, It should ba kopt 
in mind. that thie equipment has 11. oc1mplex 11'1rina and relay system re~ 
quit'ing the UBual oe.re and trGS.tlll8:it given 1uah inetrument~. 

B, 14,p of' llanuf'aoturere ot 8\anda.rd Patl!!.• 

In Appendix O th1a1 name and di!>ooripti,,n of' the pa.rte are listed along 
with the name and addrsH of the a_-,nufa,1turer• the qwUitity roquired ·per 
unit, and the cataloi nm:;mer, 
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ln 1931., oe.det11 at Ra.."tdr:,lph ,•, ~~ld fi.i:n.1, to&t.ei1 1'1ii* the original lash ... 
bl;.rn App.ira.t,~. 10 The 1ubjQCt1:~ ctvG~n fer- the atue.y warC1 limited to seo"" 
und llomeruwtt and flyiiu; o~det. ;. ~ai.m:-1E-s, The t.oat· aMres of the 789 
~adeta who war~ gradrnt.~ed IUld th~ ~24 ~id~tn wh◊ wore elimna.ted.for the 
reaeon "f'e.ilurE to n&e sathft.dt;,.7 i:,rc3.reBs in flying training" were 
.JOmP",rad,, Tho i'.l!Ooree of -~ta t,rtr-:" gmUJ' ;Jf 1713 oe.ses !"ane;ed from 2 min .. 
utaft and 50 Sf/~onda (215'0) to 14 1•--to:utM" 

A diagr8Jll showing tha relatlonah1p nf ecoroa on thia app&ro.tu■ to 
gradiation is shown in Fig ... 111 The.rs •era 35 student• 1n th• group whose 
Boorae fell in the top interval !W.d 68 stud.ams whoH saarea 1'ell in the 
lowest iiltarva.l .11 The training 1.·oooras ot these two groups vere u fol• 
lowu * Ot the 35 in ·th• top 1nt er·val, 27 graduated and 8 f'aile4, or 11,~ 
eu-oof~*dod1 while in the lo-west hr'.;ern.J. 1 ll gradUt&tod and 51 wor• "washed 
out,tt or 84;( tailed, Tb0 author 1Jonoluded '\hat tho possibility of obtain• 
ing t:ra.inecl pilot, tram a group of applicanta. whoa• acore• teill iD th• 
upper olu• 1ntol"1'8.l wae o.bain ti".l'e ·U.me• u greci:t u the prob&billty of 
obta:brl.ng a trained pilot frcm a r.roup whoao soor•e fell in th6 lowest ola11e 
i~,i,~l\l~ 

No further atathti~ml &J'\&.l;ro; lt:11 wu~ Ma.de from the data al tho~ the 
roaulte &pPear to indiaate a fairJ.y hiiJh relationship between teat ooorea 
and auc-cesa, in flying, 1u1 indioat )d in riz ~ 7 ~ A further &.nalyeie of re­
sul·~s obta.lne.d with this a~rnt"'J on a·,fiation as.data a\ Randolph field 
ha.s been reported by Glenn~ . . 

B ~ lW!MI Ot.taiqed ip. 'l'bi:, I.n].~t2:m_~;.on o:c botn ;t;.e Qriging.l agi 
!!uittd rw u of' the J@11hbqm • 

. liore than :· .Boo pilots at vt\~ioua at.:igoa in their fly-1.ng: oa.reers \"Mre 
tooted in thie 1nve-,tige.tio'n~ Th;:y Tu:'11'1d in a~o rr·odl 13 to t.7 yee .... s. ar..d 
in flying expa~·ionce i'rom beg:fr,nini- ..ir1;.ude.nts to o1vil &1E'liD& pilots of 
~y tho!la~int~f ·;: hours of' tlyinf; tLne~ 'l'he ini,tial axperimant.e were c"",-.. 
riea ont on ci--,-1.llan P.ilots \'tith <i model o:t the ortginal J,behburn appara.tue 

9!i9,ito;:~tt &.lJ... A n.ore e=tt~?liod tr1atment of the results obtained nth 
the Penaaoolca oubJ&cts will be !lr'esented in s~bs•quent reports· dealing With 
the Ponaaoola Study of Raval A.via:tDt'Ek 

lOua.ahbum, N4 C~ u, 9it~ 179-186, {Footnote 2,) 

llTbe 1.ndividuale aoori.ng lon than 3 minutes,. and. above 8 minutes and 
16 aeoonda • were 10 ta~ in number that they were grouped in the top and low• 
eet intern.la indicated 1.n the ct.art. 

l2GJ.e:nn1 Charle■ l\. A prelimimry report on a perf'ormanoe test for fly­
ing. lr Ayj.At io9 lif;,do 1935'. 6. 14-19,. 
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Soorss in 
lAinut em and 

Seormdu 

3100 - 4100 
41'01 - 4115 
4116 ·h30 
4131 4145 
4146 5100 

,,01 • 5•1S 
5116 - 5,30 
5,31 - 5145 
5146 - 6100 
6101 ~ 6115 
6116 - 6130 
6131 - 6145 
6146 - 7,00 
7,01 - 7115 
7,16 - 7,30 

7131 - 7145 
7146 - 8100 
0101 - 8115 
8116 + 

N 

1}2 

139 
174 
146 

151 
124 
110 
ll6 

75 
'/6 

23 
~ 
1713 

REJ.ATlON QETl'J'EEN l!A';ll!B'_r~.:-, $.:cfJ:AL ~:,, L11-: Af•:P,'.Rtl.TVS 51~\Jf~ ·'.$ .i.;·m 
SUCCSSS :rn \ilJ.GJ.l' 1:c.'.J:LlU;; .U' 

P~IDOLPE };J:f;'{}J, /,;;:.~-~,,$ {iS1Jl)il 

*A(..arrted from ro:31,'-~-~ p~•,:~·1~-:-(::."~( '"· ~: ... J,::·- ,:i ··,f }fa ~~._c·w,.."·., 11 1;., CJ1 2'r6.l..JIJ.j,.,. 
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obtain.Ii tr• Be.ndolph Field.13 'lh9 RU apparatus•• used in the stud7 
ot 8'udent pilota in ihe CS.viliu Pilot Trd.nillg Progrm ln t!w Boat~n 

• ar-. and aleo 1n the study at m:n.l cadets and offlo.-a at the llaftl ~ 
Station, Peneaool.11., Florida. The rerla•d apJBratu.a •• usod 1n the Fall 
am Spring Program.a ot 1940-41 with th• o.P/l. irtudom, pilot■ 1n the 
Bost on a:ree.. 

TABUC l 

J&\NS, STA,iDARD DEVIATlOlm, AND RA?JOES OF SOORES JOR PIID.m 
J'ROII 18 !le 47 ?EARS or AGE 

(I = 1556) 

1,. Ci.rll Airline Pilota 

2o Control Group of Hon--Pilots 

3. Pensacola Cadets &nd Oftioel'S 
Glaaeaa 147•1$1 
Cle.seas 1,2 ... 159 

4 • Pansaoola lnetruotox-e 

,.. o.P.T ,)P. Student Pilot, 
Pr-1.118.ry 193 9..,40 
Primnry Spring Ter.:-a, 1941 

*Primary 'fall Term, 1941 

60- ttFllght Offioaru Train1nJ 
Schoel, Northeast lirlinea 

Iman 
Ag• ny1Jt.g 

I B!lm Hol£1 
201 20.-47 5,600 

S3 20r.-47 0 

372 21~27 lO 
378 21-21 10 

62 :'.!5~37 1,;00 

216 18--"'21 0 
8118-21 0 
07 is-... 22 0 

86 ~:J"'27 200 

5 .78 0.56 ,(3.20- 9003) 

6~9'[ lol3 (4o$2•l;o33) 

5.,40 
502(} 
5.30 

4c.51• 

lo03 (3~90.,10Q67) 
0.65 (3~28-10◊15) 

0 .. 82 -(4 o-31.., 7 .,63) 

1.00 ~3 .,40.- 8..;oi 
Oo95 3 o50,. 8,,,tO 

·1 .. 10 (3 .,30,.. 9o 90) 

.. (3 ~03- 1,;J.0) 

Table l aholle t1J~ n:w::ber ,:;f p1.10cta in aaah ~oup and thil> r(i.:lges,, ll'lo3a..1Gp 

and standard doviation.o ot tho 1;m~1~~ f•y~ the various groups 3iven 1.n mu"• 
utea and fraotlona ot a mi.nu-to., It is biterentin.$ to note- that the IOOIL."'\I 

for. the three groups o! caudide.tei.J for i'.i.igbt training in the O~P.T .. Pro­
gram are very similaro In tha Full (l'J•U) group th& revised a.pparatw was 
used., It ie of inta.re.:Jt lllao that the etu(il-lnt pilots in the C.P.T. 001.lrSe 
mde slit!',htly bettar mean aMrea th .. "\ll t!'le na.val t1.vis.tion 'oadet.a and the 
civilian pilot~.. Ae a.. sroup t~-1::-y w,:rra ,.:2(.,-t, on.1.y y0m11Jor-, but probably l!!Ore 
hit"',hly moti vat(ld iinat1 ·i; h~i ·:.nt '!13.IJ eiv ·,r, a-t. tllf; very begiruµ .. l'l.!3' 01' their 
oourao ot' tra.iningr, 

l3'1'ha authors ~ tndebteJ tv tls.:, •~n:mrarJ:.l;,nt • School of Aviation Medi­
cine, R..1mdolph f1>:$U, .le~· tl':.:1 1,r..:. .11:· Ui:~.rci &<f~.:.ipn'.:.nt dUl"ing 1939-40, 
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,,: &;JJJ..1;~~'~.:·;.,i.l,,. ,,~ .. :~).L':ir-, ot1-,l,Jar~~l1·J1l ;~~~-~-~ t!1:.~~ 4+;,:,ar~":\,t'J~ 
f ' "'Cl 1 ' • i "':l ~ ~ ~ i .,._, 1 ~ 'h( ']"!..-')}.~ ,:c::.o .:. o 1i . .1. _l:'l. i·.i; no p..1..1.r:-·;,. -,, 1<:.;•:r,i 11 _.;;r.D .• ,~ -~~-· ,,.i L"•X\!'.l rt, ... 
"'1-t.~J..'1n tlir.~ foi the enth·a grc 1:·. • a-: i::,. [6 ..d:m-',:;r·e ~ :ii-; • e,mtrol grou.p 
l.f .'::, nutt ... f'liEl:":. 1. OC;!l:Jll!l.l"t.'l:ile 1~ C'· 1:~s:Uon and .age 0 th~ mean t::e.lD 6..,97 -
~--hn··,01h, C,nnps,,.-:,5 sun cf ~,11 £- r0:, ; . 1 t-1 .. -ti':..<i'3d :~ri -~M-i':l c'.:-udJ v:~.U: the d~ta 
f·r~rr: ?-4>.ndolph tleld. etc~; :j1at ~-• chl1 ~iUoh te;:1d to ~co~"o 7.1.thin tho 
Jn .. ~~., o!' tho ~t ::-ti su-:iaas'!::·~ 1 p:: ... ·,, ·" }"1:r f~'L1;p-1o, tho BO "r~ ,1U aj.:cl:1.12e 

?llr,·:p in tha 11:rat i)11l""O &;:;i:, ~r"),··-~. ) -~ ,tt q ~ilc:1-e- ':,!'it-m.::i:-,n thG q~es of tr,'tlmty 
·k t~L'~rty J·riar-r ~ e0m-r,:are.t:l ::.l i:i , • • ·VJ t 0··-!) :mr s td; Hn.ri·foJJr> Flold, i:,-1ade a 
~·~J81 ~e1re Qf ~; -:.21 nr~n1tt(~,:,. ~l> :· ~/ 1 ~ •. ...l 1'}19 rw~~a ,iht.Y·J ~J pF;r i;6r,.t 

w-a:-1N· ~uoca,af-g,1: 1 n p,;!£>GLr·,-; tho • 1 _,,:.'.1g tir..;.::~ta at P~r,d.r,lpL F!.olci,, The 
,f;dt~· pilota t,,11:',oi tc m~:t p,),~:>, • c~·,;:-.·ll- TM.I'! rw.y offor ttn a.dditlonal 
p:..it.-1 in favor .l:f tha t,T~ !?l nr-·' ~ 5.,; L-,,:;i'11. th.nt <'J:lID!Jl~x reaction t:J.ri;e 
t \}l'ln:,a.a~ ;1 i;1l th C\G!' ~ Thin re-1.:::i.+,_ '_ • Jt: 1 :c :"r 1-d~ :'t,2'rJ,PH9 tho fr:i.ot that the 
old€.,' pilots k~!{, tad &10l'!"i fl;r~: :•: :,jJi.., 

,~1 .. 1.;~s AND ST,!\J-UiRP DL.'"Vli,TTO:ilt3, I 
·, GT,7.L AIRJJ:Ml~ P11J:.rT3 VAHYING :rn AlE 

fllOM 20 TO J1·' YEA.RS~ l.K: Ifl I~~. i.fiQ 1'D'.8 FRfJU 000 1'0 12,500 HOURS 

1€.oar n.,-r-.,, :lu;:::,ei· ;Jt~ S3tth,Q?1 Ct>t:1.p l lit 0d Mean 
Fl7iH,g ;· .lM.ll~ ~-:i.oh Min, ot 'I'aet 1o 

Pi:s,EJ?. N i}.our,tt,. _,~\,. --6..~i~~t~-2 K!M .. _, 

2 ,:;..2.: Y$£U"lll 21 f<.oo 1,9 7.,8 7 .. 1 8,,0 6,8 5"28 

25-29 yoara • S9 2:iYXl 6 8 7 .7 7(>9 f/"5 6,o ,=; 18 
,, 0 ' 

30-Jt, :rears 10 5,SC0 1 1· ,_O 6a7 7o0 7.,0 6.,6 5 °15 

3;-39 ·reare 26 7,C'.JC'· 7,2 6~7 6.3 6~7 6,,4. 6.07 

4.'.).-.4:1 Y~fl:ra 25 12,$00 6 .. '{ G.A 6.,5 )q7 6,1 6 .. 63 

Mean 201 f! ,,. 7 ~l 7s0 7 ,,0 6S 5.,78 I ( 

C>£nh•a L G1·oup 
6.,9 6~8 6 .. 7 6.97 2,1-48 ;roar■ $3 00 7,0 y.,o 

~~ 

0~12 

1~03 

0.,92 

0,60 

lo08 

0.93 

1~22 

The practic~ etfeote in tha t :-st t ea!}Goially if ta.ken on a uooaeding 
dayst are fa.idJ large. This ia ,:ontrolled by e.llPring oooh pe.r300 only ale.., 
wn !'.ll"aotica· SO'~ti~a before tlu te,1t is begun.., No score~ are included 
tor aubJects wc,J had prev!ous ex.¥:·..-ianoo with the a.ppa.ratus, The average 
nutiwr of sucoa:1i'Jtul set.tin;!s p,Jr :ainuto, as llhc1'11 in Table 2, i:1eioE\t0s 
------------~----,.a-.,,~,,_...., ________________ ,, ______ ,_.,...,~, 

l4Kofarland., R • .l,, Grqbisl 1 A., Liljenon.nta, El, 1 and ·ruttla. A} De 
An 11J:1alyais of the physiological :r.nd psyohological oho.raoteriatios of 200 

. civil airline pilots.. l, AT1atio:n..J!24., 19.39, 10, 16Q.c.210<> 



that the improvement from minute to minute durinc the tinrt rim of tony 
•etti.np i1 no\ large. In the groups of oidlian P.ilo-u • the number of 

• auoaeaetul settings per ~ute aatuallJ decreased during the ooune of 
the teat. Ia IUl1' oaaGS, the largest nmt>or of settings ,rll:re nade d.uri.zag 
the tint min~a ot tho teat" Thia did not al.we.ya hold 'bru.e in the groups 
of 1tudent pilata untamiliur with the motetr aota 1n'90l wd in f l7in(h 

. 2. AJ.&1t&1n_oac1n, am Instruator1 at Pemaoola. tn Table 3 the 
d.ie\ribut.ion ot •ore■ is shown tor the sucoe11tul and unst.tcoeaaf'ul an&• 
tion cadet• at Peuaoola for olassea 14? to 151, an.cl 1n !able 4 tor ol&e•• 
es 152 'io 164. 

TAB:U: 3 

Tm1: DISTRIBU'rIOHS OF SCORES FOR sooausrm. AND tJRSU'CCESffUL 
PDSACOLl AVIATION CADETS IN CLASSES 147-3$1 

3.7. 4 .. 1 
4.2- 4.6 
4,7 ... S .1 
So2• S,l> 
5117• 6.l 
602• 6.6 
6.7.,. ?o1-, 

7~2- 7,,6 
7.7 .. S.l 
8.2 ... 3.6 
8~T.., ?tl 
9.2 ... 9.6 
,. 7-10 .. 1 

lOo:2•10.6 
R 

5 
11 
?l 
81 
66 
35 
28 
17 
10 
3 
0 
1 
l 

Heu 5 .,8;,;l:; ~o;; 
Sl&J'D& 0,/16.~ .,04 
Ra.n&e 3 .. ay ... 10:,13 
Ori ti cal P.o.tio (Jt&Ma) 
Crt~ionl Ratio (s~) 

i 
8 

13 
11 

4 
2 
1 
1 
1 
0 
l 
~ 
!,3 

6,S9;i .. l~ 
:t.,.v&z .. 10 
4Q9;-10.,(,'{ 

4,. 'lil 
1 .. 03 

r : <_.01 
~ 

~w Dter, RoeA aiota 

:. .. 7- •~1 
t. ... 2- 4.6 
J;,,17 ... 5.1 
r~2• SJ, 
;-.7- 6111 
c2.- &1)6 
ie7- ?.l 
1-..'2- 7,,6 
f,.1- 8.1 
-~' ~~r!~ 8.6 
~- .'f., 9vl 
) .,::: .. $).& 
9 .. 1-10,1 

lU.,.~-l.0"6 
N 

5 
1'/ , 
61' 
12 
6o 
31 
2? 
13 
T 
3. 
0 
l 

ffi . 
Jl~ 5.,1Bt .o; 
Si(!ll• 0,;, 92.;t: <»C: i 
R...,mge 3u81•9~i2 
,1 ~· :U~tc&.l Ratio {Jicuns ) 
Grit 106l Ratio {3i11QU) 

Waehouta 
Plv.• Board 
t\PR!&1."0,IIO.!,! 

T 
l.'l 
l4 
17 
l2 
8 
s 
l 
2 
l 
l 
1 

6' 
6.;o.. .. l2 
l.14.i-- .,09 
4,,70-10 .. 67 

5.38 
z .. 32 

P '1 ( .. 01 

J:n. Part l ot tlta tabl<i.i tlte S e1ootH1sa;;; ',thoeu mo oomple.;,d the oo'IU'S& 
although eome rtAY nave hwl ;;'IUe ci· mor" ~:;:peat1WCOS betor& the Co.lili.lU'ldalit·•• 
A4Ti1orr Board, r.r-t el1-Q'!;ffl. in r0htioa te the Washouts (1.hc,:;;10 who we:ro 
dropped fro.m trll1nin.g bi:;,,.!-: .. ur,a cf :tm.~111t. l!:ie in flyin~) o 1n h.rt 2 of 
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the t11.ble the a:10rei3 of tho Good 1-:~lote (those auooee1M pilot• who had 
run-er had • board a.ppearanoa) az-,i ehotm 1n. oompe.riaon with the 'laaho~t• 
plua those wauooG■sful" p1lote ntn \xiard appea.ranoea~ 

TADIE 4 

THE bISTRIBUl'Iom O'I SCORE'J FOR SUCOESSruL AND UNBUOCESSFUL 
PmNSAOOL\ AVIATION C.\DETS IN CLASSES 152-164-

fer;t 1 

Ru ~core l!uoo111u We.ehogte 

3.0- 3.3 2 
3 .. 4- 3.7 'l l 
3.,8- 4.1 9 0 
4.2- 4 .. 5 28 4 
4 .. 6- 4.9 51 1 
Soo- ,.3 59 4 
,5".4- 5.7 64 11 
s .. s .. : 6.1 ~J 14 
6.,2- 6 .. 5 21 10 

-6a6- 6.9 25 6 
1.~ 7.3 8 3 
1.4- 1.r 5 3 
7 a8- 6.,1 5 s a.2 .. a,,s 2 2 
8.6- 8.9 2 0 
9.,0,-- 9.3 0 2 
9 .. 4-ol 9.7 (' 

,Qs-10.1 :i. -- -R 33"1- 12 ... ;.5(._, .05 6.1~ ..14 
Sigma o.n • .. 04 l.,l~ .J.c -Range 3 .. 2(-10 .. 15. 3075- 9~20 

Oritioal 1\a.tio ·t11eam) 4 .. 21 
Oi-1-tioal Ratio (Sigmf) ln6? 

Ohi-04119.J'ttd • P a ( .. 01 

Raw Soor!. 

3.0,.. 3.,3 
3,.4- 3"7 
3.8- 4.1 
4.,2.., 4.5 
4.6.- 4.9 
s .. o- 5.3 
5114- 5.7 
S .e-. 6.1 
6.2- 6,S 
6.6- 6.9 
'i .o-- 1 .3 
7.4-- 1.1 
1 .. e,.. a·.1 
8 .. 2 .. 8".5' 
8"6- s.i:, 
9 .. 0- 9.3 
9.4., 9.7 
9.8-10.,1 

)I 

Mean 
51gra 
Range 

rm; 2 
Waahout1 
Plua Board 

Good Pilot1 4Pp,anmce1 

2 
6 2 
9 O 

25 1 
51 7 
51 12 
54 21 
36 17 
21 16 
lT 14 
8 3 
S 3 
5 5 
2 2 
2 y 

i 
0 
1 

fl' m 
6.03¾ .. u 
1,12± ~08 
3.15-10.15 

Critical Ratio (Kean■) 
Orit 1Qal R«tio (SSgl».a) 

4.6., 
1')65 

p • ( ,,01 

I_,t 1h0ul.4 ba noted tlat in both Table• l and 4 the orit1oal ratioa are 
large enough t..-i show tbat the di:f't'erenoee b!ttwe~ri. the me&n acoree- or .the 
two groupe are probabl7 not due to ohanoe.15 U.tm.aa the probability u 

1$41 oriUG&l ~tio of 3.00 repre1•nt• a bipl7 eiard.tioant d1fterenoe 
be'\ween t-h• meu\d"'N 1 lino• it 1nd1•t•• that only oaoe la 1000 ,lat, nul4 
a d1tterenoe in the ob■ened direction u gr.eat u, or SN&'l•r tbu,, the ol:t• 
■e·ned clittennoe be obtained by chano• if' the true ditterenoe nre ••ro. 
4'. oritioal ratio of 2,00 ia 1ometimea oona1.dere4 u approaohlng aignitlaan••• 
ainoe the diff'ennae would ocs'our by ahanoa onlf 2 t:lmt1 5a 100. 



thown by the ohi••qlll!!l.N teat ia leee than one ohuo• in 100 that the d.ltter• 
cnioee in. tho dutribvtiona an due to cbanoe tluct-.t1ou in l'llndom ll&llll)llng. 

ln 1.'a.ble 5 tu oomb:lned 41rir1but1ont ot olue•• 147 to l$l and. ola.aa•e 
159 -to 164 l'.N bal•d on. etandard aoorea, the olU• uni:t• .betng ln iatenale 
ot ti•H ... tentha ot on• etanuard donation troa ·th• mean ot the tota; group. 

TA.BU: 5 

THE DISTJUBUl'IONS rJr 5'rAltD4RD -SCORES FOR SUOOESSruL AID lffl8UCCl8SFUL 
PmRSAOOL.\ AVIATION c~ IN cusrum 147 • 164 

JlH:1 1 PJu:t 2 
Wa•hout1 

Standard. Standard Plue Boe.rd 
8120 §Y:9911t!I !Mbi\91 Score Qoo4 Pilot,1 ~·· 

3<>0 2 3.0 2 
2ei5 1 l 2.5 6 2 
2.0 14 0 2;:,0 14 0 
1.5_ 45 4 1 .. , 42 T 
1.0 122 10 loO 118 14 
.; l40 l2 -o5 123 29 
◊o 130 19 cO 114 3S 

.. . 5 74 27 .... , 61 34 
-1.0 55 21 ..... 1.0 48 28 
-1.5 42 10 ... 1,,s 30 22 
-2 .. 0 18 5 1 .-2.0 .15 8 
•2c.5 6 4 ""2o5 8 4 
•3110 5 6 .. 3 .. 0 5 '1 
... 3.5 l 3 ... 3.5 .3 3 
•-4.0 l 0 ""4o0 2 l 
.4.,5 0 3' ... 4,..5 3 
..,5.0 0 _,.5,,0 0 
... 5.5 l ,,,5.5 l - - - -H 66<; 125 N s,1 198 

lieu ""·•~-= ·.,04 .... 7~ .12 i&N.n +.l~ .04 -• .sa. .09 
s1.- lell...:i; .03 ~(;30. ~OS S1/,!lll l.OS;i .03 1.30a, .oy 

Critioal Ratio (.._) 6.)5 Critio&l Ratio (Ileana) T.06 
Ori:Uoal Ratio ( S1pas) 2.18 Critical Ratio (S1gmu) 3.:.01 

Chi-aquar•d. P ·( .01 CM.•1qw.red p: (.01 

An uud.mt1on of the oriti0&l ratios bet.won th• meana or the auooe••tul 
am umuooeeetul oad.eta ahon tb&t the probabi~lty ot the ditferenco b•~ 
tween the mea.n• b•1ng a chance one i.1 a;natly deorM.aed by oombini.cg t.he 
two group• ot oluae•-o 

4': 
ti­.. r 

1-1":f· 

• ·. ~: 
' .J..~ ~' 



' . 
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.... ,-! J-
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Tu.bhs 3, 4, 5, U&d 7 ~:!.j,-;, ,,t· .. '" ·:t, +.ho 2t~neu:."'11 deviations (c:J.gmua) 
of the diotribu:,;.1.one4 Th~ u~.j;.,:'.:'_t.: , : ths, "poorer"- groups aro- larger in 
all OODJy.1rieona but only o,w ~i" tt., o'-6 ltioal ratios reaches 3oOO~ Fi.Te 
ot the eight <'rit:'Lcr ratioe .t.N :, ~,}7e 2"00' hOW&Ter, uugg@nting a trund 
in thia dirooticnjl • . 

In TalJle 6 t~o dio ~ributl,,n l,:,; al-".1:•.vn J~o1· a uoup ot instruc-tora of 
flight training e.t the Nav3.l ,U~ .:H,~ .. ti.1'm, Penoo.001&, Florida.~ The mw.n 
aoore of this· group is elightl:, po,,r;3r thrui the means or the auooE:&11tul 
oad.etao Thl.s ay hi.Ve bi!en dua to a difterenoe in motivation at the 
time ot taking teat■ and tho infl1.'..1rwo ot the age faotor~ Tho mean for 
·the group of inl«tructorl3 does noi; .-~if!'1:1r L~ao.tly from that of th9 civil 
airline pilote 0£ oompt,.ri:,b J.a aee Uao 1~ ·2:) o • 

DI8THIB1fl'IOM OF sconJl.S· -·oR 82 A VIATI0~1 INSTRUCTOM 
VAR.TINO "l~~ Al?i; 'R0~3 25 TO 3 7 YEARS 

fia" Sc .. o;:g_ ! 
4e.2,5"-4.,49 4 
4,.50-4·,.,14 l 
4.,75 ... 4~1? 8 

5.00,...5.,24 'I 
5.25-5,,4.9· § 
;&50-s~•14 1 
;.75 .. 5,,99 10 

6 .oo,..6,..24 9 
6.2.5'-604-'I T 
6.50-6014 'I 
6075•6.,99 5 

1.00-7.24 6 
1,o25•T .. 49 3 
7.;0--1.1• 2 
7.75-7,;,99 -82 

IIMn 5o9SJ. e09 
Sigma Oc82..!,- ~06 
Range 4.31 ... 7~62 

. 16rbo autbor1 CLN indebted to Dro P. s~ Lawrence tor a■sistame in 
th• enalyai■ ot the data in 'l'ableir -3 to T, inalueive, and to Dr,_, J. W. 
Dunlap for the stat1st1oal anaqlis in Tabla B. 



In oom}aring th&- results obtained on aviation oadeto at Pensa.cola 
{Ts.ble 5) with tho■e reported bJ hshburn trorq Randolph Field (l'ig. 'l ), 
sov&ral di:ti'erenoea betnen the jFOUps should be kept in m;ind. At Ran,,­
dolph Fiold, approJ:i.mateq 55 per cent failed, while at fienaaoola 0D11 
15-20 per cont were dropped. trom training,, The lower percentage ot f'd 1-. 
urea a.t Penea<iola may haT• been due to previoue ■election in flight train­
ing at the R&Tal fte99ne Air Ba□SB. Also then may have been a 1hlft 1n 
attitude in elirai:nating pilota due to the proz!.mity of the war. Ia ep1te 
ot thee& dif'f'erance1, h0110Tar, there is a_etrik1ll5 relationship between 
the rinding!! :tn the two studiee of neval l!Uld military aviation oa.d.eta. 

3. C1P1T1 St!ijlon:\ Pilot@ in the Primry come. The results obtained 
with st'ldent pilots in the C.,P.T. Program in 'the Boston area are abom 1n 
Table 7. In Pe.rt. l ot this table the eelection of~ and ·!:22£ pilots i ■ 

TA.BU: 7 
I 

'i'Jm DlBTRIBU'l'IOHl a, SCORES FOR T\10 OROUP6 OF O .P. To CANDIDATES 
JOR. FLlCHT TRAitFNG IN THE BOSTON AREA 

Part 1 (1939-40) 

Raw Oo.od, • 
.scor, f!lot1 

llean 5.0]¼ .. 10 
Sigma .69j; ,.07 
Range 3.12- 6~33 
Or1t10&1 Ratio (Ileana) 

. Poor 
Pilfi■ 

2 
5 

z 
·S 
l 
3 
2 
2 

35 
600+.t .al8 
l.O~ ol2 
4.2a;; a.11 

s.oo 
Orit:toal Rdio (Sigmn9) 2*6S 
Obi..gquared P • (.01 

tN1 2 (1940:-41) 

Raw 
Sov, 

3.5 .. 3.9 
4ct0-4.4 
,.5 .... 9 
;.o-J.4 
5.5-;.9 
6.o-6.4 
6 • .S-&. 9 
7.0-7.4 
1 s-1.9 
s.o-B.4 
e.;-a., 

R 

Qo041 

Pilot■ 

5 
13 
13 

• 10 
3 
4 
1 

i; 

Jlea.ll 4.~ .11 
.7~ ct08 Sigma 

Range 3aS2- 6.57 

Poor 
J:ilot@ 

l 
s 

11 
3 
2· 
4 
0 
3 
2 
l 
jl 

S.9~ 
1.2i., 
4.43- 8.65 

Ori tioal Ra.ii to ~llean~) 4.76 
?r!tioal Ratio Sigmas) 2c;TB 
Chi~aquared p. (~01 

bued on a combination of $W to polo and ;Ua, to ;91n.oat104 tor a P1-
lo-t 'a lloemse. '?he good pilots soloed in leas than • hours and wen 
oerlitied in leee than 36o5 hours. The timlt to ilolo tor the poor pilots 
'IU 9.5 or more hours ot dual :lutruction and they a'btaina4 their oert:lfi .. 
aat•• 1n 39.,0 or more hours. The student p1lot.e who fell in between the•• 
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t.wo eztrCllllee are not shown in the distributions. It is interesting the.t 
there ia a marked and atat:t.stiaally elgn:!.tiaa.nt. dilplaaemet:t ot tho poor 
pilot• toward the lower aoorea.. In Part 2 ot Table '1 the 1.ntire 1940-41 . 
group appears in the t\'Jo diatributicnao Tha students W91"e divide into 
good and poor pilots on th~ bash ot 1netruoton 9 re.tinge. FiTo of th.~ 
poorer et udent:s were aotually . "washed out tt beaaus• of poor m.-- or apt it udti .. 
The rat :mca were not ·mde kn11n1 to those oarryinc out the r:ixperi~nt in 
the laboratory• and. the findings at both the inatruatore a,,.d experimen-
t are t7ere not tabulated until the end of' thG study. ,Only ono of the SO"' 
oalled Qgp4 Pi.12'.a would have bean eliminated it the poareot ton had boen 
dropped. on .the baeis of poor sooree in th:l.is" teat betora thay started their 
flight tra1niugc 

The data obtained on 87 oo.ndidatne !~n the 1941 Fall O"'P.To ProgrtJU in 
'\be :Uogon area are ahO'Dn in Tqble 8. tho :revised Serial Reaotion Time 
Apparatua 11'&11 ueod ~ thin study.. The l.!lll.n • aore tor the r,-oup ot 87 
pilots tor 40 aC'tt.inga V&IJ So3 milmtesa This valuo is similar to. thaz 
obtai nad m.th' the e.pparat ua trom Randol:ph Field on similar. eroupe or C .,P .T., 
students :1n the Boston area (Tablo l)" 

T.\Bm 8 

THE Mii;A}l AND STA..'IDARD DEVlATIOlm .\T :mci2ssm IHl'.MVAI.9 (J~TUIG::i) C~•THE 
T;~Sl'.. C:OiUt1..if.l'IfJm .Aft.~ SHOi,~-i a..T ,,jilll:J; THi~ 'VtJUOUS 'J:'RIAI.3 Oi: S?..i'TL;u5., 

(N = C7} 
trh• Rev:ind Appnratua we.is Used 1n ·Obtaining 'l'her.e Dn.taj 

~~.t1nS1 E!f.£8[19<?.•~ 

t-hlmber 13 26 39 40 26-13 39-26 40n)9 

Mean laS -Jr6 _£i'.~ 5.,3 1.1 1.6 0.15 

Siona 0.,5 • 0,.8 ) .,l 1.1 0~4 Oo] <Lu6 

Settinea ll .. 9,0* ~9JP e9)8* ->766 .730 q;U.2 

.. 26 .,97(J~ .978-it .. 926* 11164 ~3J$0 

It 39 .~9a-n 0906* .874* .J40 

n 40 0906* .a10• ~84 .. .. ~ 

Ditfer-eno• 26 .. 13 o6?7 .-)34-

.. 39ao26 ,_?.34 

'°1---------~~~-.... ~~-

11Fol" Gxpltw:ition or e.at.eriakt: r- ee'J t 'lxt , rie.ge 23 .. 



In 1he re;ds1:1d appo.r~ue, az.1 L-i the o-.. ·ie;1.1nl modt1l:, -~f..ora aro only 
13 different settitl{;a o:r otiwlus pr.i.ttor1:Jh 1luring the tttot there ere 
13 oattince l"Opont(;)d throo ti.moo, n:.'.l.d in tho eo.m, eequenoeo Ona addi• 
t ional sett 1ng ie: c,:-1en to oo?nple-ta tho f 1)1"'ty '&td.ch mo.ko up the t oat., 
'l'he tirat thlrtaon are otr1.at1y aO'.ll?SJ'e.bl.e to tho oooond and third sar­
ieo of 13 tor they e:~otl7 repl"c~u.o.::i eaoJ; a~hor_. Table 8 ahawa, 1Jl the 
columns hesded "'.Jettinr,a~" the tr.ea.a number of rrduutos p.t the end of' oa.oh 
13 aett~Do It e.leo ahowi:, 11 i?t the aolu.i~s heeded "Dif'f'&renoas,tt t'110 

total time nilOGDSl\l'y to CO.Mpl•:rt.a the il6lOnd tUU third series of· 13, and 
tha time tor the 40th trial::,. 'l'h:ue tho tiM tor t.he f'irat series (13) 
ftD lv8a the tim tor the ~rnoond (26 .. 13) \VS.I l.o11 and tor the third , 
(39 .. 26), l.'-6• 

The oorrolo.tione in Table S aro ot tt',o kinds. An aateri.cik mrks the 
correlations of time up to an eo.rl:lor sottinr in tho toet t11th the to1i~l 
time up to a later ssttit.ic (iuoJ.,:idine: tho E,o.rlior timo). These oorrala ... 
·UQnis are ot intcroEJt us ahwiuc th6 extent to which scores or o. 13~et.ting 
or 26-::1et.tir3c tost uould pt·adict th• BCl)J'oe of th6 longer testl'J_, The tirsti 
26 .. •oettinga appoar8to pt'<}diat. th& scores on the total t oat "1th gr~at a.o-
0ursoy (r Ii 878) .1 Corre lat ionc not mar-kod ,rl:~h an aot oriek are t hoee 
in vhioh the times of' one aeries do not -inolw.a tho tm:es ot another. 
Thus the ocrrelntion ot th$ first series Vii-th ths saaon:l ia .7661 with 
th" third it is .1730. The aorrelation of the eooond with the third. ia 
.697.. The oorrela.tion ot the tirst two caries (26) with th.El third (39-26) 
is 0764• These figures give an indirect indicntiol\ that tho rslinbility 
ot the toat is fairly high .. They a.re not oomps.rable, hawever, to odd• 
even or repeat maawres ot reliability 11 • ina$m1oh as they may be o.treoted. • 
by ditfereoaea in rate of l<;o.rninrs.1, 

4. _!lirJrt ottioara T!:,Bin1$ Sohopl Pilot. s Northea.at Airllneo) • The 
tast waa given as a pa.rt of a. oomprehunaive e.pt tud.e and ma~•- axaminn• 
tion no a bc.aia for onrollm~uit in tho Adva.-109d Flight otrto era Training 
Course at ths Northoaot Airllneo for thoaf;l who were to s-wrve later o.a ferry 
pilots tor Pan Amerioan Airways L' A!'rion, or P.A.,\ • .Air Ferries. The ri:l:,lota 
t.est.ed had oompleted the Pri.mry, Socondary, Croos Country, am IM-~ructor 
Oouraee or the o.P,.T. Programa ot tho c.-A.A 0 and oa.ah avof'aG&d 200 hours 
at flyin3 time. The oomitionrs under \"thioh tho teats were giTen were u• 
oellent 1n thnt no:ne of the pilots had previouo experianoo with the test. 
They understood further th!:lt tho results had soma meaning in rolntion to 
being quollfied for tho couroe. The mean aoore tor this group wa.a 4.54 
minutes, the boat obtained by' any croup of aviation eubjeots (Table 1). 
Thie f11G1 be due to tha tact thQt the7 win·o highly aeleoted young pilot ■ . . . 

mer ••WUP ... 

16rh18 oorrelatlon oannat be aonsidored ae a 1'8liabillty ooerrs, ... 
oient since tho t:ll!la tor the tirat 26 settings is a part ot the total 
score with whioh it was oorrolatad~ 

l~ditor'a N911. Further information on tha am-relation among test 
eesmenta an:l on the reliability ot the test as a whole vUl be obtained 
f'ram a related Committee projeot currently being carriod o-. at the State 
UniTersity ot I0'\'11 by It. w. Spence and Cc E. Dwcton. 

.. 



of pronn ab111iy o.nd ffl!l'e lllCtivatod to do well in the teat •. The man t:ar 
13 oand1datos Who ,rere dr0ppod for poor a.ptiwd• or ph711:l.0o1.l duabillti•• 
vm.11 5 ~;3 minute&, tout" of them lllflkini; soorea a bare 6.oo llimttes. A-ey score 
abwe six minutes we oonsiderod to bo diaquallfyillg tor 1rz.udonia ot this 
group it oombined with poor sooros in two or m.ore ot the o~&J' paychomotor 
and •~al teats. • 

SWWRY 

A revise! model ot the l!aahburn apparatus w1u1 oomtruc;;od dlfferh.g 
from th• Ol"igillll.l :l.n thC\t it We.a mo,de with part.s purchaoed from oommeroiol 
manufaaturere ther•by atand.e.l'di1ine tho c.truotural IDld ·opr,·.·ational toat~ 
ure11 of the equipment.. In this modal tho bunor, t.!18' trM.iformar, the 
sti:mlllus and U.traation U~ts a.nd a 26 point steppirig relay weJ'e in­
oluded in ~ metal unit au:pported on an upright tramo. All unite wre 
Yired to a a.mral tel"lllinal strip permtting the removal a.~ anJ part fer 
replao11111eut or repair. 

Preliminary datai. YOl"e obtained on both the original an-:1 revised models 
or tho equipment• Tel!!. scores uore compared with witerla or fl:l.£l?t 11110• 
oess, rts., paBa--t"aii. por.f'm:-manoei duri.na fl:!.eht train~ for the nrlVal 
oa.d.ta tested, and t:lmo to aolo and tin! for cortitioa:tion tor tho oivil.un 
trainoea tested. In nll croupo toet&d tho ditferemes betwoen the mllll.11 
iooroa for euoooestul and Ulllluoaa~atul pilot.a ware greater than thos~ Olt"' 

peated on the basiB of, ohanoa f'luotuntion in nndam edlllpl:l.ne;. • Ime:t·oorr•~ 
.lat:l.ona emons the throo indep11nd11m aeriao of' ~ s&ttinss wor& betwoon .70 
nnd .77, 11USGacit:1.nt;; that the test poesosaea rel:la b1lst:, adequate for fur .. 
ther raoEIOl'.cb on 't.he use of tho 1netrument in tho prediction of fl1t,1tti • 
aahl.o•omem • 



/ 

APFENDI:t /,, 

.EIECTRICAL mTF..1W0~'.1iECTI ONS 

Wi rl.'q P lM No " 1 
ffl.ring ?15.n Nr.i, 2 

STIMULUS p Al"l'.E~ Oli i~ LIOJrrs 



A.PPZNDIX A 

Wiring ?lM No 9 • 1 
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0 0 0 0 0 0 0 0 0 ll lJ A 

0t0 OO 
0 Z 0 
0J0 

R 
040 
o _, oG 

EL[CTRICAL 
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E ... f• 
9 :,, 

H , 
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1 
2 
3 
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10 fi 9 5 £ '/ 'I'hooe cor,,je por,d to t.h9 num-
6 4 13 J~u -:· l 3 bo:r<,1 a!Jsi :i1u•i t J tlls li'.1lt~ 

5 
6 

8 9 1 l .'J_ 1]. 12 in P&".rt X ti f "".'i rln(~ Plan IJo-, 1 
lC 13 11 12 :,z 5 6 of rippandix .. ·,-1. 

B~:;~v £1~1 ° i , 
~ .. It. I 'I" C, 4' .. 'I II- -& ■ • t • ♦ 4 • ~'.'.a. • -I._,.,, - ~~,I; ,._ ~ ... ~ {"' _ '_ 1' " ~. "< t, "- )p. ..... 'l' 11 t. e- 11 a t- ,1- .. I'•, ,. • • ,1 • ■ • , 1r p p • .., • .._ • • ._ a iii 

(S~11 Eleotrical Int eirconnaot1ou0; Appsndix J\ ... l) 

z ... A,.l to Y--t,~l, z~ .. 1-·~2 to '(-A=.?, Z,uc\~3 to y ... A-3,. eto., 
Z-r8,:• 1 to y..,n ... 1, l·~B~2 to Y~R ... -~ ~ z.-.B.-3 to Y~B,..3, 0tc. • 
Z-C-1 ·Cio Y-c .. 1 1 l.=C,., 2 to Y=C .. 2 ~ z-c .. 3 t~ Y-<}"3, etc., 

ll?i'ERGOnthlCTIC.'.~5 p.:::;-rm,:.c~; X llliJ Y 

X-fl.,fil3 and x:-B.-.n7 and x ... a .. !U0 tc, Y-D~l 
X~A-R7 and X~B~R3 and X-CflR4 to Y~D-2 
X~A-Rl and X-B-RlO lllld x-c-R8 to Y-D~3 
X:-i..•R6 and X-B-P.A- a.>td X-eC-Rl3 t<i y ... .o ... 4-
X-.\-R2 . and X-B-R8 a::-id X-C.--fi.') ~ .. ti Y=D-5 
X-A-RlO and X-B-Rl3 antl x-c-RJ.1 to y,,o,,6 
X-A-RB and X-B-R9 and x-e,.,n5 t::J y ... D,,._7 
X-~~R3 and X-B~Rl2 and X-C-Rl to Y~D,:c,8 
x-~-R5 and X-B•.;-,t6 aud t.-r.-r;7 to Y,.,D--9 
X-A-Fl4 and ·.x~B-Rl Mi X-C-R3 to y ... v,,..10 
x~t-Rll a.nd. X-B~Rll and X-C-Rl? to y~r;..,,11 
x-~-Rl2 lllld ;{--B0 R,5 and X-G-£t6 to y.,,D-12 
X-A-R9 and X.-B-ll2 und X~O..,,R2 to Y~D.,13 

X•A•G-1 to Y-A•l, X-A~0.-•2 to f ... J:.-2, o-~~ • 
XeB-0-l to Y-B-1, x~BPQe2 to Y~B-2, etco 

llfrsRCmf*;GTJ:CHS BETF.:-:.:N $ AND y 
T-A .. 13 to S-A.•l, Y-B"'7 ';O 5.,.B-l, Y-a-10 tQ s-a--1 
Y .. A-7 t.o S .. A.-2 1 y ... B .. 3 to S-B-2 t Y-C-4 to 5.c; .. 2 
Y•A-l to S--A.•3, y.13 ... 1.O to s-a-3, y ... o-8 to s-c-3 
Y"'A ... 6 to S ·A--4, Y ... B-~- to ;)"'D-4 1 Y""C•lJ to S•C:-4 
T--A-2 to 5"".\-5, y ... e •• a to s-.a-5, :r-c-~ to 5 .. c.5 
y ... ~-lO to S-'"A•6, Y&B-13 to s-B-6 • Y-C-11 to s-c-6 
Y--a .. 6 to S""A""7 J yl3>n-;t to s--a-7 • y ... c;-5 to s-c.-7 
Y•A ... 3 to 5 ... A.-8 y.a .. 12 to .3DB-8, 1-C-l. to SmC-8 
y ... a.,.; to 

, 
y.B..-6 to s'-B-9, l-C~7 s--A-•9, to s-c-9 

Y-,i-' to S•A•lO, Y-B•l to s-a-10, Y-c-3 to S•C-10 
Y-A ... ll to $-"A-il, y.5 ... u to s-a-11, Y-0-12 to s-c-u 
y .. ,\-12 t o S-A-12 Y-B•S to S~B•l2, f-C-6 to 5•C-12 

' Y-A-9 -~ (), S•A-13 1 Y..B•2 to s-e-13, r-c-2 to s-c-13 
YmD-l to S20D-l, Y-D-2, to 5 .... 0--2, y .. D•3 to s-D•3, 
y .. 0,.,14 to s ... n-14 

OOTCilJO n 
001.0COn 

oomoon 

eto. 

lm1ri to Y-A.-.14 
lec1d to Y-B..-14 
lea!! to Y-0=14 

.. ;,~ ., 

c\_ 



nrn.;;:c'fle;13 FC!.l G-IVIFG 'rllE SERIAL 
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APFENDIX B 

D!REGTlONS FOR GIVING 'l''HE SERIAL ~CTIOH TIW TEST 

"' In ordor to obtuin thi!J beat ro~.,lta with tho t.aet, the following in-
atructior.a and p~oodure should be adhared to ?e1•y rieidlJ" ·rhe experi ... 
ment.er ohould oithar momorlza the iust.ruei-tiona or raa.d O$On stop from a 
3 x S bah ea.rd he!.d in tho palm ,;f tho 1'.and. Thie .will !In.ke oortain 
that each subject roooivoa the S!l.1iXI standnrd inetruct..ionso 

{l) Scat thl:> eubjeot ooini'Gl."'~Ctbly and have him eA.juat the aea.t eo 
:bhat he c&n ~usily reaeh the eontroln, 

(2) llcmonat.rate on one :r-attorn (tho_oooond after the t)uziar f'rol!' 
th" p~oeding teet) how the coflt1-c ht op5i.~a.t0 t!la grean li~;tti, aa :follo~a 1 

"Take hold of the s;ie?.: and mavci it fNm side to aide. Th) e;lda mo;rerue:t.t 
o:t the atlck c~ntrolrJ th!;! top grz.on U[:;bt~ ~ 'lha i'ora and 0.f't mov~m&nts of 
tho et1ok cord.rel tho c11ntor grocn llgc_te,, 1"1';.a ni<,v0ment o:r."' the feet con­
trol.a tha bottom gro::1n llghta.. Tot,_r i:-:eoblfJm ia to a.teb t w thr~e red 
lit:;,bt9 with tho groa~ onoc~tt 

(3) Pattern ohar.gos '.'1:i.th d,.f,Y.:natr,;;1tim::.~ t'tan rill ?l<'tioe that ~h3n 
&11 th-.~e~ lir;hto e:ro mtehsQ i,h~ put.t.o?:1 Gr,,1-n.;;;.aeQ NOci1' you.. praotS.oe a -f:f;t:1 

of thceo pe:tt.1:11n.:.:"' .!!eep your h0al£ f'rs:,;, f._·•om the floor boa.rd / 1 

(4) Allo'3' thll 6,itjei;;t to praatic-d ;.t.'·tl;il ·t::i·a liuaior atop13 for tb~ f':l.t'ct 
tiroo., Stop U.!:1. by tur.15.n.:J o!f th0 lJ~~-tri:,. Qflf'. Si~t'O the follo'.'1':'l.n13 ,.nat!'°''UJl"' 
t.1-vllJl oYou ,:,-111 :t:;;r19 a ,,orl:ta of forty :if th::itHl eJ::~t'.lr:,eo to oorrrplete" Yen 
mll be GCOro;;d on th0 l'}U!eC.X'.f;().<;1¾! '.i'i,i,~1 y,:d.ci'l Y",U C:vtlpli~to. this ·sGl"ios" P.!L~r l.10 

n.ttcxior. to tl-:.e b~.:110'i="';~ri,~~ i1u a,:,~;_::--J1 .. ;:·•, 1.n.t..:•l"VO.h:t but oont.iu•io th3 i0c-t 
as ful:!t ""-e you c,:\n t:r:til ~;r:•t~ ~;,]·s -;:.( :;.r" tt· ,3 ·.;op, no you 1.mcsr:-rte.-"i.d tfr;;0 1~~ 
etructiom:7'.1 

(5) 't'urn a~:. th,~ f;n_{\•~!1. 
eei:d.vo u.-J f£nt ,;;13 y .m r\'1'.''-. n 

Not:Jt"t er;. i\t.w.lr,::::1 St;,,).<0 tb; H;,:-,":1 ,-,~t'::t~l ~t.i,::n y,n ;cJ.,,e t,},c; :;::iP,:D.1 '\lt::, l'l 
Rar;orTtii';-~;.ttne <,,:,_ ,d' t~ . ..) j~,t-~ ;:::c,:-,,cls •),n.1i,~t;~1S.ro t..,u;r ~.1[!,nc:,log 
o,nd ,_._ ... th"' ,.,,A ·if"~,.,,, ---..-- ... ~J'"' "<"·•·,--,' ~>,., ..:-->,;, ... ~ ,-,1,-r••c:~ ,.,,!,.e•,~r;l (•af'J..,.,., l":t 2/, 
~-- ~i.,i _. '\,,,I ,;j'ui-.., ...,_...., v• i-,,., ~l., ~ ¥ .. , ,il.>,.,::t ~, ._,.,•,A-~ -t ~L., J.~.:, ""~, _J... \J. V ", .. , ~ ... 1.-. !.t 11;.,r,"rt...,. ,,,.,-!. ~v-.1, ,.; iJ -., 't 

39, tmd ,;a sott:l..1,er:i-~rr:-~J'.)f.cti,:,u··;·),. H t''t: r:u1.:\i:1.i~c, :t::i ~hen loft :tn th:1..B 
po □!:tlonf i1, i,:-, 1"':•r1a,.r {'r,~- 'ct•.,: i-,.xt ;;1.•:,~(.2"". ;7~1.0 t:i":,:u t•~t~O ,.,;;'l,'.;i ,:.~1.-V:m,Jtrr.J.iJr;;1 
t.d..al ~ld a.t,rw·•u pL'l.\.:r~Jl1ti tricua~ A wto;i t."Atoh t;i"Ad.;.uitod in ~nutoa ·and doo:I"· 
n;.lo of e. ~rmte ir, t:,'.1 1·,,,:-:t <~c::,: .. ,,._,..)l,. ':,,, .'. i",:!; L'!-;.t t.1::;;~t,j.11~ prt·O.tldUi'':, 
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