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The attached report, entitled Tests of the "Ability to Take It" 

~

bodies results of investigations conducted &t the University of Rochester by 
J kW. Dunlap ;,nd his staff, under a grant from the Committee on Selection and 

sining of Aircraft Pilots, '.i:11e re;,ort is submitted with the approval of the 
C rru;iittee, v,ith the recotJmendation that it be included in t,1e series of techni­
cll reports issued by the Division of ltese&rch, Civil Aeronautics Administration. 

Wnile the re;,ort includes only results obtained st the Univer­
s·ty of Rochester, there are referencea to materials &nd findings of parallel 
r search conducted elsewhere. In picrticule.r, note is made of s st,.tisticc.l anal­
y~is of •ability to take it• tests by Robert J. Wherry, University of 'forth C,.ro-
1 na. The results of this analy:;is ere presented &s Supolement I to the attEcheC 
r port. The findings of investi;e.tions on similar tests, conducted by A. R. 
G~llilimd, Northwestern University, 17ill sp;ie,.r es a· separe.te re;:,ort. 

I
I The chief outcome of the investigation by Dr. Dunlap is the 

cqnclusion thL t two of i:.iu, t8sts are sufficiently reliab'· e for use in investige­
t~ng the possibility of prec.lic ting the Cc.p,,city of pilots wid of ,'Jther mili ta't'y 
;:,!jrsonnel to resist p,<in &no fotigue. It :'..s Llso importe.nt to note th&t the 
irivesti,:;&tion has incluue,d WI eve.lm. tion of sever&l me&sures which h&ve been 
d~sc~rcted for VLrious re~sons as being u~suitable for future rese~rch. There 
s~ill remi,.ins the ;:,robleti of oesigning und conriucting an experiment, involving 
&.~equate cri ter iii of perform,.nce under stress, Vo'hich may furnish evidence on 
t e vc.liclity of these tests for predicting the "ability to t,,ke it" of pilots 
o of other rullit&.ry personnel. 

Very truly yours, 

Morriss. Viteles, Chairn.:m 
Comuittee on Selection wid 
TrLining of Aircraft Pilots 
Nation~ l Fm se>.rch Ccuncil 
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There is a populeJ' ba~ief thLt a succe3sful flyer must 
be able to •u.ke it' -- to endure conditions so painful &nd 
so f&tiguing th&t the &verag'e person ,could give up. ?he pre­
sent study was underte.ken to leern v:het;1er measures of such 
an ability could be found wbich 1..-ere reliable enou.,;h to jus­
tify valid&ting them in the fields 

Nine tests went through a prel.i.minery trial on about 
thirty individuals. This t:i al served to show the "best methods 
of administration, to locate fu,lts in th;, E-pparatus, end to 
eliminate dangerous or impractical tests. Five of the nine 
tests were discarded on the basis of the results of these pre­
liminary investigations. 

The·four tests 
to 129 men in 1941. 
withstand pain; the 

retained for the main study were administered 
Two of th6 tests re4uired the subject to 

other two to withstand fatigue: 

(1) Electric shock. Vibr&tory shock we.s administered to 
each hand at a constf..ntly increasini; rute. The subject reported 
v:hen he first felt any sensation; Y-hen he first felt pain; when 
the shock wt.s •very pE.inful1; Lnci ,;hen he could sund no more. 

(2) Fedge penetration apO&I'atus. A br&ss wedge was set 
1,ith its axis P6rtllel to the tones of the subject's polm «nd 
;;rr:.dutlly screwed dov.n. Rec.dings at three ::,oints during the 
increesing pressure (thickness of the ll&na, point of first pain 
sens~tions, 1,no the terminhl point e.t vchich the subject demhllded 
to be rele1.sed) furnished a single index score. 

(3) Hwid dynamometer. The subject• s m,,ximum grip (best 
pull in three trii:.ls) WE.S deter:nineu for each hand. Then he was 
rec,uireci to maintt.in u grip above a point equal to 60% 0f his IIIBX­

imum. The time he was able to maintain this grip was recorded. 

(4) Chest Ergomete£. The subject gresped two handles at­
tached to either end of a strong spri.ng, 'and, holding then: at arms 
length, pulled them upart. After his maxim1.rn pull (test in three 
trials) had been deterrulned, the instnm,ent was set at 50% of this 
maximum. H" wi,s then re¼uired tc ,~aintain his pull as long 6.S pos­
siblf'. above this 50% ,,oint. 



·J 1, _,' .. 

The 191,.1 dE.t6 yl.e.Lc.:.ea interc0rrel~tion$ anonl? ~'-- !"·aw scorea 
h.Ild ind.icea, Ll:l.d reliabilities c..:-1 meazured by correlations be­
tween the rizht anr:i left. htr..;._~s.. T'aere ;,ere subskntitil correla­
tions c.monis the 'streni,;th! rL.c.1:-~sures, but lit~.,12 among t!le measures 
of resistance to pain o:i..-- fbtlguc:~ · Reliabilities ..,,..el''£. hi1:)1est for 
the shocker and dynamo1setcr. 

~le-ti.snrements un the shcc~sr c.....l'Jd tfle 11w1ct ci~raamomete1 .. wErs 
repeated or:. '75-85 of ti:ie :su1jccti; ~~ft.er an i;1te:rval o.f approxi­
mc:~tely ten months.. '.ChtJse tssts furnished 18 raw score~ ~nd in­
oicss whose test-rete~t reliabil.:L·sies were studied., 

Ten of the most J:eJ.fobJ.:, •:.easures (1941 data) ,rnre 3elected 
for fact,or analysis. Four Le cor,; ,.-·are .f0und and j_nterpreted as, 
(1) ap::,reheneion, (2) endurtc;,ce cf ,iain, (3) rr:orr.entl'.ry strength, 
E.nd (4) v1ill:i.ngnecs to exert oneself, These re$U}:t,s shew a lE.rge 
me.s.su:re of &greenent ni th an W1al;i,rsio of similar . tests by vYherry .. 

On the busis of t~-d-s StL1dy two uteG.sures 01:e recosrnended for 
V&lidction in the field: the g,·£Cte3t e.mount of shock a person 
c«n t«ke (the esti.mat.Ec!i relh,Lil.\ ty of the sum of two r.1e&sures 
from each hand is r;·oout .91); ;;,n-6 the c.mo~nt o.:" t"2..1?1e a ~.:erson 
cc.n mc..int&in his brip c.. t 60~ of his mc..ximum gripping strength 
(the estim.ctE-ci test-retest re.:.i.1:Jl_1Llity of th-:-, sum of two measures 
t,i t:1 his preferreO hc...ncL is &bout .60). 

The wed~€ test c,nd t. :1.a chest ergo.meter c.re not recomi·,:ended, 
at leLst for t.m _.:Jre;;ent, in .,.,i~r.· cif mech~.nics.l difi'iculties c:.11d 
pos~ible U.Gncer ~o the Dubjeet~ 



Tnere i.s e,,. _?opulir b~lief tfa..t r.~ _.:;:cce.3sful flit;l' sf1011ld hf: .;:..t·le tfJ 
1 t,<..Ke it1 •-- ta enuu.n .. ae,sree.:i of _.:;,t..i.aj co10.:;i t..noxi.:s., etc~ beyona. t._·'-c c;-.p­
c..cl t:I' uf' t!1u :;verc.,__:;e nE..n.. T~is belief hE .. s f,1und .3oGe. SUr;Jport jn :he r,r.: :,(,:'~ :~ 
of Gerr.11:.n mii.i tLry ;,sycholo, ... J.st~ Lnc.. in t.£1( ;r Lctice? ernployeti : ,, t!1e,a j_n 
th£ selection of cor.1bb t :,Hots,· 

~~1ile rec02.,nizinb tbe r:~pe·1·irn-:mt&l (.'ifi'icultles to te e 11c,:J!lt,ersd, th2 
Co:1·:.itttd on .-:=e-lsction Lnc~ 1•c3intnr; nf J~:i.rc:r·eft ?il~•ts, fe.~-::.ri;_, l.J::-.t no lead. 
s'::0-Jl.1'.: te uvc:rl,JJ\:.E::o in J,.,~1.:- :J-:·:J~~_;tl.111 of ·_.:,_i:.· •~o::lc..t ~).!..lots, ·1-:,,. i,,J.:.~o:-c-ed a 
number of investig&tions involvi:n~; .:;o-ccl.J.e(.1 tests of 1.:·,bilit-t +,. tr- ,.~e .:t~ i2 
The r:-ixperL-:cnt d.escrited in :..:.J..::: 'i'.'Pport .2.G U!te ot~ E ~{e-:•ics 0~ s;.1 ..._:~1 ,11·::ijt..:C 1.,s_ 

t: bL.iter) -,._,J ra;:._U.cble !..-ie.s.::ur,::;::: of -~r:.:s.:~::t.:-inc.s to :',;:,5_!i .;-_;J~ i:'1:_U:::,n:-· ,..,_....~·.:.l•., te 
r·or.:;..t:'.'·uc~:u: 1ri.t:l. the: r·ntic.1::-cti.\JZ, ·r...hr.t ~-;1c-,1. + .. ~·::L:,!i cc·11if1 t!L:a1 ~·:: -:~.,ci,'..1.t::.,.,1.: ·. ,· 
v,-.J.i.c:t:.tir:i:·1 '.n1c:::·:r )rt.cLi1. .. !.-;}. ~·ly_~_:-:,1; c:.--,i:--;.c•J U :~~.::: 1.,-_;_t~1 th,_ vier, t'.·~-' "I" --~_f',1.':n~-; C/£· 

l't~f1Jt.i n 1:, l '1e po,?1.•l[ 1· bcliE:f ,::- oni::?rr .. iE;~ ·t:·1e l't3.L{_ t "t,1!11:)~;_p Le:-~.ws:...1-1 ':., :.._, j_ ·,\_l ty -: .. _-, 
'!:.'-'~-:i=: i•t.t .;:.::;,c; )8l'fo:c·,_-·:-nce ~.~; ,..JiJn·;·,~ ·_:t••t: -;,.·:~i.~r E,t,e:..1 '.::.r.~, .1,:,.., .-·~.t.. ,"':r:r. 

The stta.c.:y to ue l'~~·),,r·ce-::' :1Gt'(! ,,:,:; •-\~·1•.~1~.j int,: .. -,~,,'.'.'.'C·':I 8X~~-· •v.,~-i-,~,_::1 

_pho.se2: C,·\) l11:~ ~1rrcJ . .Ln5-:ne:~.'.-' _~:1t'.i-".~.~ (E) ·,11':.: 17i.~=-- s·c·1c.L:_.-.t,, ~-n·J ::u; . .. :-_1: .1 .. ;.'tZ 
repeot. t.:;.;-:·:.-~ 

~:~:.'._u ;.~rlc: fc.. t,:; t,u~, ~ 
n_L::_ ur:=• nr c ~1;•1-.::;_ -i_ u ~' 

. -:,1-·~.- .-:_, ,:::.·~- ._,: i:,_; -:-J°r'l~ • ert _;1;-. :~ 

-~.:. - _:;c, _. -:1i ~ ,-, L:-ic .: J J1i:; 1. 

( ,,j 
(1,) 
(c) 

-7,iri;iJ..i \, -i.: _\' 
I JL.::,:::rc-;~] -~ I , -

-,_I 

( ,-, '. j 

_,·) 

, .:.. .-, ;:;_: ,,-.-- r_ ·.:.c.h J~e:~ :-i !_ • 11·.J,.!, !-, r i .: .• )' :::e '-~-: ,_ 
·,·~-G>::.J~t_i :Ii_ ! : i.- ·,11;- Fls·,:-.c,:. on 

'•-.i: ,_ 

-'· 
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Preliminary tryout of t"" nine tests3 liste<i belo.· v:c.u conc.ucted on 
the staff tnd a miscellaneoucS Jou;:, of ti,irty indiviou,;ls. T:us try­
out ,·.c.~ ut.ilizeo to c eteruine t·,.,, ~•ost r:,et'10cts of' E.U];]inistr·&tion, to 
locLte 1'1-ults in t:i~ c.p.ot.r&tus, to esthblish limits beyonu ch:ch a 
subject n s not to be permitted to 60, enc:, to elir.1inc te 61..ngerous, 
imprLcticw., ur su;,erfluou; t;;sts, A phy;ician wt.s )resent through­
out these tests. 

(&) The rt.diE.nt ,18Lt test. 
(b) Immersion of l:1c· h"nC: in ice w&ter. 
( c) 'Dry• ,snd I wet' electric fahock, 
( d) r eci~e lJene-L.1·.:. Li_vn test .. 
(e) Tim Smedley h~nd dynunometer. 
(f) :'•1~intE1ini!l~_. ti"'!· ,;;::_'~~ ._JerpenLiicuJ •r tc L1·:ie tudy .. 
(g) Mcint.t1-ininf: t 11.: 1 e,,- ·1ernenriiculbr tG t:-·1E: bilrJ.\ra 

(h) A :1.odifieO r.~o::..~o _::_,:1~2r ergo:net.er .. 
( J..) A cl.1c s·t ..__.~; . ...:.r---;c:·.,:,s·,:·,:~ 

Tests c (wet shock), d (wedge te~t), e (lu,nd dyne.momet~r), end i (chest 
ereometer) were ret&inec. to '-.J,ceecr in the fin,,l b&ttery. All oti,e.rs were 
elimin&ted for ret..sons given j_n A:J;:;enuix A.. StL-nG&rdized ~rocedures B.nd 
techniques of administr::-..tion f•1r t:1c r·et.c~inerl tests .., 0 ...,_.\~e set up o.nd th?­
first experiment&l stciJies (L,J,1) bet;illl, 

B. 'l'he ;1.941 "t-.J<iie s. 

Two pc.in-producing aevice.s, :--,~le SL1ocker i.na tlae v:ell.ge ,t'ertetr&tion 
c.p,:t.r,,tus, ,.nct two f&ti 6ue--;,roc·ucin,; oevices, ntnd dynemometer &nd 
c!iest erboi.Lleter, r:ere er:;pl0yec. i11 the;_;e studies. 

'Uie ::1c:.in investibE..tion vc.~ ~-e1•~'orwec1 on 179 ;JUbjects, r.wst oi 'N!L.-
· .. ere m.s.le students c..t thE Uni\1 (•:r::i.:;.~:;:l of Rochester, tl1e •'Jthers beiug 
1:ien enrolleQ in thE.. loc;;l CuF~T .. llltr\.)ductory ccur::-e. llm•:ever, com­
;Jlete d.c..tn on c.11 of t:1'= :-ie<- :;1ir1:--.:; \·t-re obtL.ir,Ln for only 129 CGSes., 
of ..... -..J. l.LJ trere Unive:r::51.t:r' ef Lc,r:i1est.er stut1ent:J !nd 10 1 ere C .. P .. To 
~1.en,, All t~H; CE.tf~ r;crs .Jec;n·d~ i:ti .,p1:!_l : nJ i·.~:..y of 1941. 

Twe;nty-two scores or int!ices Ye:re :,:Jt~ineo ,",,r ,, ch of 129 aLuctents, 
All of T.hr.se scor!=S "i ert inter-c,1rre.1G. L.ecl, yie.1.dine; ;.Jl in.tet·correla.-
tions 1,,.s indichted in li,blt~ .l • r;1;1c, r.:;.E,r.n encl .JttnctF.ru deviL tiou of 
e<-1.ch 'Jcore or index, , ,,~r2 liker t:3t.c co1~puted. ME..ximt11:1 Lnd :n}_nimum 
sc'Jrcs for ec..ch test.J indict.·~t,_;.r1L t'·I!-: rr.:.nses covered., ct·e '<..).ven. in 
T[.ble II,, 

Further :Jtudies •,•:&re r2&de usiLi.{ eor.ro:.c.tions bet1.iei2r.1. the meusures 
t.t.~en on trr~ ribht and ltft ru:nd~ us l:idices of reliaf·ilit~r of the 
in.c:, truments c nd techniyue;J employed .. 

3co!llplcte 
'.· •~ r'.;:,'st :-:r-e 

C:.f~seript.ior.3 er" st.;;; 
oesc1·.:!.l,eJ l;:: .i.) J~~l~G.i.x 

\· ;, (0), (e), ~n~ (i) •~?s&r in t½e text. 
f:-.. 1- lc,::. _, ".: i l:,h, r:;;c..S0,.'1S far thei:" el L'TIJ.na ti on 
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A physici:.s.n wus .ore sent ~hrouf,hout the testing. In the eerly part, 
of thco ~tudy & short :,.,dic&l. history w&s secured fror; eEch rub,iect, 
Blood 0~res~ure, pulse, ,end other Dhysiological measu.rcs were ro­
coi·ded.4 No analyses 1rere 1r.c.:..d0 of t:O.ese latter r.ie& . .s;.u'es. 

The 19,:2 Studies. 

Du8 to limit& tions o:f tic.:e ln t; re:, ~;:irir..,; c,f 1)41, i c 1n1s impri,ctic"'-1 
to a.t t.ompt to s,2c1J.~~ ... e x ... e ,.,sst :1s..-:_eU1·es vn t~1e subj :::::::.-C.2.. !J..fter the muin 
boc..'..y o.'" t~e data hG.d bc;:,n S.D;'...,lyzeci, it seemed r:.dvL31..:~<l_2 t,o secure 
such de.ta on ths cwru~r:.~r~!ct.0A." ~nu on the constc....rit st~r:u.lus shcch3:cG 

Retesting of i..he 191r-l Jubje~ts r:ss be5un in ?ab!'"u:i.ry, J.9l:2, &bout 
ten months ofte:r· the coupl6tion. 0f the ,review:; st:_1d.y. At J:h[,t ti~:·~ 
39 o-"' thE: U.1iver3it.y stuclent3 ~;it:1 emn.Jlste test 1·ecord,3 ~:id a fl'l.E•'.:;:.: 

of students v.-it.h inco1up1.eta !'Gcoi·tis y,-ere st5-ll in ::;chool. 'I'l1e te·~~ 
C .. P.T .. sLuU.ents hoc..-~ co!JjJlet,2cl th8.ir co11rsf, t.nd. v,ert not o::.vc.ilcble. 
ht t~u~ conclu,'3ion of Lhe 194;._ t,0sting, .~co:i:es for 1'141 End 191,2 .-:2·-..,~~ 
c.vsilable for tl·ie follor,ln6 1-;.1.:11r,bers of S\lbject,?: 

( L) 
(b) 
( c) 
( d) 

g5 
79 
77 
75 

s t.uC.en ta on t,he con.$ tLnt stimulus shocker. 
on the r!:u.:d.r'.11t1n dyn.U110rr1eter grip. 
en t.:le: dyn(:.HhJ..'.!let.;:r t:L1.1e fur t:1.e right hE.ud. 
·.:..J'1 the O.yr.iui;ol!'.eter tl121e for the left hbnd. 

Fourteen E:.v~il~l•le cr-.f;E:S 'l:ar::: lsft untested .. 
blc.nk to be rctssted:, !:1.1t. i.C.8Jt oi' ·c!1.sm simply 
tue tests c.t t!le hppointed -t,jJr.e .. 

Some I"efused point­
fc.-.ileri t,:1 &p?e&:r· fc:r 

TI1e se test-retest de.. tc. y .Leldari 1 eJ..i&bili ty coefT"':i, r? ients c . .nd coef­
ficien t.:i of r-cla ti ve -.T&l'.:i.(1.L'.1.li ty ~ 

The tests u::;ed ln r.hs fir.Lal tc.. t t.ory e-rc no<llficc..tions of' t.c,uh.niqnes of 
studying pein c.ud fc..ti6'Ue ~lre&O.:/ ,:-61:i. ~'l..ncv.'n in psyc'..1olo~icol oxp8ri!r1ent,;..tion. 
Bec&use of some of these U1od.ific.:.tions th,~ i:ests ~ctually u~wd !..n the studj~ 
are described in some c.etail belor:: 

' lvDr .. J. D. ;-Im':'le.nd v--cs the &t~cmciln.~; ph~,-sicien. Dr. 1Jm1l£p .'.:: .. ntl Ur. K. 
0' Neil ·..-ere responsible for a<lr.1.i.}1isterinf~ tlle electl·ic ~noclq I,ir. F. Gehl!llaim 
fer the v:edge ,?enetration test,; Dr. E ... A,. LipraEn foi~ the ~E:,j:,Q d;yncmometer 
tests; r.nci :1Ir. L. S .• Ko2,t-n fc-,r ti.:f; che3t ergoneter. Dr ... J., D. Crn3.kley 'Pho 
desit;,'Iled c.nd built tlle const!= .. n-t, stimu..lt:s l-3hocker, h0J..p0d in the r:mintensnce 
of t.he tip).sro.t'..ls. 

Stc.:.tiaticc.l work 0.:1 tr-!~ 0:~tc.. 0lYt,c..inoci 1-.-c:,s .. 1one under the direction ~nd 
supei·visicn of Dr. Itc.nJ.::.tp, .s3a..i.stt;.,: by i,':Y-.s .. C. Elrps:c c;nd i,_J.I•. L. s. Kosb.n. 

5A i.11:.nul:l fOr c.u:11inist1•c.ticn -::/" tL-.:: t:.:;c:ts; ;.;;?scl .. ficc..tions for co!:str-uctL:.1:-c1 
of the conGtLnt ::::tioul1Ju sh-~•Gker 3 b.!ld .:_ C-'.:~:,_;,,.:.-~i~..,r...,:.::i. of th1;-; rnic1-oncster v:el1t/-' t.L:;3(. 
·, i th the Hor::ell.s r:e\\:.., .. .J }~:ar.~31 .. ..c-~'b tr:__-~- t. ;:--::~.' tG J.'c,u:nc'. it1 tht:; .Ap~E.:ndicas o 



(1) Electric Shock., 1\1e c::1r..stE.nt stimulus ~huckET is conthined in a lO x 
;> x 7 1/:2 inch metal box. It ,',irn~ahes " cunent ve.rying from 0,0 to 3.56 

u:illiamps v,l1en connecteri ·, ith s 110-volt source" T•1is e,_,;:•;·.snt is tr>.nsformed 
in s. 500~vol t tn.nsformer , nc is ,:,2.s3ce1 through a rectifying tube with the 
appropri1cte resisti.nces in the vLrious clrcuits. One electrode is inmersed 
in one beaker 1Jf s, tur" ted sel t s0lution 1'nd 1cnoti1er elec Lrode in e second 
be>.ker. T,~e ~ubject cor.Jp.Lete~ ;;,11, circuit by insertin,,; t.~o fin;;ers of the 
slr:ie hwld in t,1e two beLkers. 6 ( ::iee Fig. 1.) 

The instrument is SC!..lec. in terms of pei,.k current r,c ther than 
avercccie current so that the scLle v~lues which r,nge from Oto 96 should be 
o.iviaea by 2¥2 to secure t:ie unit (millkmps) conwonly used in measuring cur­
rent. A sc&le on Lhe f'ron"~ plLnel of t:-1c instrll!llent indic"tes the amount of 
current used. A false ricier 13 cuTiec;. by the adjusting knob of the rheostat 
c.nc incil.ce..tes t~1e :;aximurn point rcc:.checi by the subject. The &xaminer ·prac­
ticeo turning tile knob e.t the r~te of one full turn eech sixty seconds. 

In the course of Uie tcstiri;; the ci.nctidi,te re:iorts four st&ges of 
experience as the ex1c..r.iiner turns the c,j_sl &t r, slow, consknt speed: 

(a) \'•'hen he firat feels :anythini, et elL 
(b) V'hen he first f2fJ.s ~iaill (P). 
(c) t'ihen the ahoc::-~ ls t-..,ery i)&inful, 1 lJut he cc,11 stt:.nd more (HJ_l) .. 
(d) The termirn,l :,oin,,, -... hen he cells for the cm·ront to be cut 

off (T). 

Sine~ the point £_ L ; '1i ~-::_ t)w sutjccts reported tht1t t.'.-iey fj.rst 
felt cnythine wo.s r~lctively st:.. 1.:,J.E· (5-r/ vn t:w 3cele), this score ',Yl:5 not 
useci in the flnal tnelysis. ·!'J:rs~; t'LY1' ~~cores ~:ere obtcined from 1''hich four 
inC.ices ·,;-ere computed for e&cll -::tn(i ~ 

(a) 
(b) 

(c) 

Ternin&l ;'Dint cii ,ms ';i-iinful point• -- T-P. 
'i'he rCJ.tio of ~: .!:'· c~i f_:_·e:n~nce b~tv-:een the~ tenain&l paint r:..nd 

the t pc.ini'ul :i-)Ji::1c; ~c- t.he ttrrr:irw.l point, (T-P)/(T). 
The ri:,tio o:Z' ~:-:.8 !_.j_:'ferc:nce betv.een terr.cini-... 1 point &no the 

1 very -:'Jt.lnfuJ : ... oin 1: 1 to t'.ne · uif~ ... erence betvJeen the terminal 
point ;~nL~ t,;1i= ·• ~<-in.:'."'u.l point., 1 (T-VP)/(·r-P}. 

The re. tio Gf t~10 1.~J . .f fsr·ence between t!1e terminal point &nd 
the 'Vf;;ry p:.linfu1 ~Joint' to the 1 very pr..inful point, 1 

(T-VP)/(VP}. 

6usuc...lly t.:112 fit·f;t ,.no. 3ecori:.1 ..Cint..,BT,':i 1. tn'e u.seu .for 1:ne ·Leet.. OccE:.sion-
E lly Ln .LtHii vidu..:-J.. '.it·~~ f ouncl ~ ~i.u ,:,.;. (J_ c. cut, [. brc.. sior.., o;r.· ~.i.Lng-nc.il on one 
or more df tll8S~ f'Lt1,~e:rs~ ~)'J.t'~, ; __ n Lnc~:!_·vi:i11::.i. v,t.J:.lld rL:Jorr, ~"lEns~tio:ns ct E~ 

rauch .1.m':er point th.__~1 \t- :.rn1l -1 ~i·I~ i:tLJ ly ~ r!'.he 1i&nr.is •.)f r:,ll tho:::e to bs tested 
v;;.:n.'5 ti1erEf or>;;: i:!6.J~,;;tu .. L~? (~,,__., ___ inu~t 0:10:, if 1iefeci,.; ;-;-ere :_\)u.nd ,)!1 t.!1E: index fin-• 
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:L.1•w, /;;'~•: ! . .' ,..,,;',_•j JL >,.:, ,,:~ .. ~.,Hl&j (i!l~-'! 0J.Ji?:f"d.(, .... !J.g t.h0 1J1Sk-TU-• 
if!,?l'","1_. rulO. 1.:,t: <)L 1:t -~· 1 aeLl't -~Lii.~ •,ll'f.; t~i.:•)~' s;:c- '.!.\tB ;:;ubjer.d", was blind-folded 'tl1l Jleans 
,?f 5oggles th::•c,'>J;,;lv:,ut, t.he ·.~;,:. ,;,G n.>o told ,wt. to r=ove his fingerl:l fro~ tr,i, 
salt ::;elution ~.·:.:, 1c~'f'iJ t.,l:!~c-- 'fhe bltndfoJ.d ~F..rvei! to concentrate t½e subject'.; 
attentior1, "no. c«ny indi,;idud.s reported dislike of wee.ring the ;_;cggles sinte 
the'v could ~ot s~e,. r--.r,,"t t.11us vzere r:.n .. ,'.,."e~·c~n;,,:,:l,rp,, r.f"ne Pnt,;....--µ t-•-"'C.1+ "0r both r~..i~.:,, 

t1c.kes ;,bout 5 to 7 1tinutes, 

(2l The v:edge-Penetre.tion Apparatus, This i.:.pparatus, modified from 
Howells, 1 consists of a three-inch "c.lick" micrometer- c&libr,..ted in thous1.ndths 
of en inch rmd attached to a v:ooden block. A bri:.ss wedge v·ith i:. blunt but high­
,,, l'Jo·, · shed penetrE.ting surfE,ce is slipped on the end of the micrometer screw, 
(Se~ Fig. 2,) 

'!he subject pl,,c;;s his r,cr,d, palm up, on the block. The wedge ls 
then set on the peJ..m wi U1 i ·.::is ..Lont: h-:xi.,; pai·aJ.lel to ~ii~ b-:.ue;::; u r Lht i1b1:1J. 
By ::ie,:ns of the llLlcrol!'.eter screw it is t..ien forced do»n between tho second &nd 
third metacarpals by the experimont~r. The operator turns the sere• until a 
ratchet spring 'gives.' Records are ticken at this point as & measure of the 

! thickl,;iess of t,1e subj!'ct • s ha.11d -- (I), The experir,:enter continues to turn 
the microt>eter screw et a ~lmr, cor,stent speed. The subject reports: first, 
!'!hen he feels pain - (P); second, the terminal point, r:hen he demands to be 
released - (T), 

Three raw s<::ores ,,re 1'ec01•ckd for etch hand: (a) thickness of the 
h€.!1d, (h) pain point• (c) ter:.1inal poi.nt, These di.ti. furnish &n index for 
i;ach h&nd. This index is tiw r1.tio o: tne difference bett1een the pain point · 
1.nd the tel;'lllinnl point tn the tot,r:..L penetr&tion of tne ni.mi iron tne initial 
to t:ie ter1Pirn:.l point (T-P)/(T-·I). 

OnG :cer:.;on ,;.dmi.nlste.r5 the test. It uk.es ,;bout 5 minutes to test 
et.ch ~nd c.nU a ::-;;;st pt:rioj of <bt le::.,~b 10 minutes is alla1:ed be'tween tri&ls .. 

:fa tigue-Pr-oducim~ ]~vices 7a 

(1) The Hi.nd Dynamometer. A S,nedl ,y h&nd aynamometer, modified to yield 
a met . .:iun, of force 1.nG t.i:ae in teri,s of sustained grip &bove a point proportion­
al to the :u.ximu,;i 5rip, •:&s e,1,ployeci in this study. 

Tv;o bcetteries c.re btkchea to the, ba,-'k of a standard Smedley hand 
dyn=ometer-. These ho.tteries sup,;il,r th,; ourrGlll, for '-'I1 adjustuble buzzer, a 
r,:,o li;;ht, ~nd ;,n arober li.;ht attt..ched to the dial ft.cce o!:: the instrument. A 
s1;.&ll 1.ttc1chment on th~ fi:.ce of the dlt..l ,11.kes it possible to vary the posi­
tions at which t~e buzzer, the red li~ht, and the ..mber light ere activated. 
The rdations of the buzzer and the two light::; never vu:y &.mong themselves, 
but thi, three, ;cs a unit, c&n be ohifte<i 'Go 1.ny position on the dial. A com­
plete circuit is i'ormed throue); & fuse riuer v:hich moves forwi;rd with the 
indice.tor ,w.nd, Thus, if tl,e attcciinent is set at thirty units on the, dial, 
the buzzer v:ill sound '::hen t\1e inuice. tor 111,.nd shows a grip of thirty kiloi\l'b.ll!S; 

7Hov1ells, T. H. Im experimenkl study of persistence. J, &bpore! 
· (spc.l Psychol,, 1~33, 2s, 14-29. 

7aror descriptions of st!'..n61,rd ft..ti!;Ue-producing devices, see: 
'Bills, A. G, General Experi;nent..l P~ychology New York: Longmh?ls, Green, 1934, 
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the red light "ill come on at 32-34 kilograms, and tim ember li;;:ht at 35-:n. 
In th€ ,::n-<c:sent experiment an extra attbchment recorded on a kymograph and 
-,.,axed paper the number of times t' e light 'flickered from red to M!ber.8 
( See Fig. 3.) 

Each Eubject was ecsked to exert his naximum grip on throe succes­
sive trials, first ,,ith one he.nd ,:.nu t!1c,n v,ith tr.e other. After the mnximUlll 
grips for the entire group had been obtE.ined in t.'lis manner the fatigue test 
ws,s 5iven to the ,,ubjects :L'ldi\l'idU&lly. (See Appendix E.) 

The experimenter set the Duzze:. to sound at 60% of the me.xi1num 
.,-rip of L1e aubje:ct being tested (mwo1;iur:i ,:;rip b,;sini; the stron,;est pull in 
the ·tnree tri"'ls on tile i:lblld tested). The oubject• s task vms to keep the 
inoi0& t::ir h,.nd of fae dynrunometcr ,:bo-.r.::l tl1is point so t:i,,:;.t the ,:;rr.ber light 
,,,,,esinec1 on. He ,%5 not to w.lOI". t:w ins Lornntnt to touch his body at any 
t.l:ne.. The reti light fl&shed on as c .. \'. "~!:"ning to t ·:1.e subject. thvt he was re­
ls.:ring ,1is .;rip. The buzzer w, s the si:::;nal th&t the ~est vms over for that 
,1c,,nd. The examiner recorde<i the tot.,l ti:,e for ei:,ch llllind from the st&:rting 
:i:.ilnt until the sound of c.l1e buz2er. ht least te,1 minutes intervened betueen . . 
ht.mis. 

One examiner gives t.h2 s ;:t;.~.;., t&king approximately three minutes for 
eech hand. H" records two scor<os for sucti Ji,,,nd: (a) iAaJd.mU!ll gI'ip in ldlogrems 
end {b) total time the sub,ject stc:.yec' e.l,ove 60% of his maximum grip. 

(2) The ChesLgg_o~. T.1i2 J.nst-rument is essentl&lly a sprin.,; , hich 
is to be pulleu ap:;,rt by two hHncl~s. Ti,e force .;,f tbe vull J.s l:'8t,ist1:red on i;, 

point sc~,le r£il1ging from O to 50. A :o,1zzc;1•, a white light, enll & red warning 
light sre nttechecl as on the dy,,;cr,c.,mec2r. (See Fig I,.) 

The sub,iect g'r&sps t,,~ bo .·.cndJ.es, palm::; f£.cing, and keeps the 
instruc1ent, at ..rms length v:it.h hi;, L 1.,iows sti:eight, directly in front of his 
~yes. !hi then ,Julls c.,tward on the 'lc.;,,jlc~ as ha!"d as possil,le without rais-• 
inf, or lowering l'iis arms or i:llav,ii1;; '.lie. instrnJ'lent to go to one side. Three 
trii;.ls are 6iven. The best pull out "r :h<' three is callci the individ11nl's 
ciaximum pull. ,;hen all of the subjects hc,>'e been tested for t'.ieir maximum 
pulls in this rn&nner, ihe individual LstiD:o is begun. This p1·0ceciure ,,rovides 
1:. minimum rest period of 10 minute~ "u1· ecch subject. 

In ti1e individual futi~Je !.t:~td tl1e btrtJZer is set i,t 50<:!: of t!':e 
maXimUlll pull previousl.y ueterminu. fo,. t,i:. t subject. The ciirections to the 
;;ubject &re simih.r to t.1'10se "'i-,<?n L,1· t,,~ \fund d:,nan:omet.er. ,(See Appendix E.) 

One per5on c&n &dl'linlster U,e te.~t. t&ldng about fiv,; 1.1inutes f:>r eu;h 
subject. Tv:o 3C<:ire3 ;..re usc,:i in :;he '..'irlhl reo::ord: {a) 'fho m;;ximum pull (best 
in tiiree trit..ls), ;.ntl (b) t\1.e to~&J. ti"1e th1,ct the subject mi.intc,ir1s a pull above 
50% of hi;; =xlmum. 

~ 

0 '£hi~ lt, ttcr a tt..-. chme2 t. -,-.-~ ~~. 1.- r!t.,rl :!.u hcve o [ Leu.rni.ng t<:h-s ther the nore 
su:;jGc·,~s We!'6 ~l.so t!1,2, 1/J'.:i"G ,_-;~.;.•~1i.stt;;n·b. It ,:._:t:_:: found t.ht~ t the i r'licksr:1' 

(:.:;T~ss.d.7,nes.s} ~1£.d ~-:-io J'tl[;t-iori :.t; t.:!,_ tJ_:ue l.::~ Bubjec'f, \;\s,tJ to :·11t~intain his 
As :.,he L''£.. ;)u_its s:-:.()r·ed no :.:i-~ n;::. i ,.,..J, ;:-, he f, t i:.&chflim1t \';a,.~ {:iJct~rd.ed .. 
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RESULTS 

Intert:orrelations of the 22 me1c.sures 1..nd indices ic.nd the me,.ns uid 
stlmdard devihtions for the 1941 cases (N = 129) t.re presented below in 
Table I. The !llEudmum lilld minimum scores for the meE sures used in the final 
mialysis, indicating the rw:iges covered, are listed in Table II. Tables III, 
I" V wu1 VI ore sent further t.nl<lyses of the 1941 tla:... ,,r,d comp.;risons of , • • 9 
tais dhta v:ith t:,e retest scores collected in the 194<: study. 

A. Studies of Reliabilit;y;. Measures of reliability for the wedge pene­
tration test, the electric shock, and :. '.e hand dynamometer 1'1ei:'e afforded in 
the 1941 study by the C()t>relation between scores of the risht and left hands. 
Subsequently, in 1942, retest data provided bllother method of establishing 
the reliability of two of these tests. The nature of the investi.,;£,tion in 
1941 rendered retesting extr·ewely .lifficult. 

The left-right reliabilities rui~e from .44 to .84. ~hP ~e1ln~i 1 •ty G~ 
the lY.nd d..ynamo1neter for grip v,as • 79 cnu for time .51. For the wedge pene­
tration test it W&!l .61, Meesures of reliability were also computed for the 
various raw scores and indices of the constc.nt stimulus sl.ocker. These ranged 
from .80 to .84 for the raw. measure~ents, =d from .~4 to .73 for the various 
indices. (Table I,) 

There is considerable re"son to believe th~t these correlations are at­
tenuated clue to the unwillingness or in&hili ty of the subject to exert him­
sell on the second trial on the other ,1rnC\ after he hod exerted himself on 
the first trial. This contine;ency ,.p;,,ee.reu to be e,xceptionally likely for 
the fatigue tests. \':ith respc,ct to s:-,ock, moreover, rr.i:,ny subjects l':ere 
fri,;htened by the ;,p;)aratus on thca first trial, but on the second trial over­
Cl..file this initial fright and 1:ere cble to gc much further, 

The subjects retested in 1942 shm,·ed obvious shifts in ettitude £.nd 
motivi,tion in both the tests used in this study - the l'.l£J1d dyna.mometer &nd 
the constant stimulus shocker. Senne of' tl1e::i had been attrvc···,,,:; i:i1 the novelty 
of the tes~-~ in l·Jl,J, but v:ere relu,:tant to tcke them &1o:?.i,, :.'l J'!42, Other 
subjects hed vu OG c::Hc ... a.ragec in the 1::)41 testing to fieht es l,,,.,•rl 1..s ,,ney 
could beet.use of the pr·esence of fTiends 1:.nd tne knov•ledge of tae performance 
of others, In ).•J4J, rer1embe:rin,_; the ;::unishraea t tid::en, some were reluctant 
to repe" t i.ile -u,~·""· Jn the 0ther ·,=ct, some of the subjects r.ho did poorly 
in 1941 were mxlous to i::1provo tiwir ;;cores in the retest. In other words, 
it seens possitle t~""t ~, situntion ofi'erin,:;;. ,:iore consu.nt m()tivation LJ>d a 
more or les;; stLndccrd eaviroreJent, suc'i us Li1c1 er.;.mini.tion for flight train­
ing selection, \';oula tend to incre/..$6 t,1e ralicbility of t:ie tests. 

9A crude attempt WE.S Ll.so mule to 6et indirect estilll&tes of the validity 
of these tests. A brief sum;a;.ry of this study is raported in Appendix B. 



TA!JLE 11.. 

Chest Er,;ornetez; 

HLn<i_l?:.fil"'-lJlome ter 
hight Hctnf. 

7."edge Pen1;trs.ti0.Y, 
l:igbt Hr.nd 

Left H"nd 

Sh~ck 
.n.iffh t 11'-nd 

J..,::dt !e.nd 

Pull 
Time 

Grip 
Tjr:ne 

!~E·i _i:. 

~,.. ~-l'lC 

Indax 

.Tnd.-sx 

P~:Ln 

Very 
p&inful 

TerrniE . .al 

Index r* 

Pain 

Ver;r 
Pr...lnfuJ. 

'l'ermi!" ... al 

Index I * 

Mean 

27.25 
47 ~6 

5:~; •' "?? 
-'j,f ,.(!r~ 

;:6 ~2S 

;,,f1 ~ ;;: 

LO~ ''JS:• 

., , ,, K 
.,)4 .. C:,., 

5r) .. 07 

j ~) ~ ·7::~. 

;::.0~2.,3 

Jl, .. ~,4 

:i4,ll 

33",<ii. 

*"•1·11" r·- ~1 .... -_. ·, 
',j ~" - ...... _,-,~-- -· 

rr.,.l :i. ~."1: _·1.:i i_ t:y· ~ 

.?!~ .D. 

4.33 
16003 

lJ .64 

11 ... 3? 

10.J.6 

13~93 

,. ~, G.?. 

1,~. 79 

9.89 

l],,05 

16. r/l 

13.41 

Minimum 
Score 

16 
14 

J,J. 
J7 

4 

; 

7 

10 

11 

10 

8 

11 

18 

9 

___ ;;t~' 
:, j.-

M&ximum 
Score 

46 
J.07 

61 

70 

68 

90 

96 (No •. - 13) 

77 

68 

96 (No. := 1) 

96 (No. - 10) 

84 
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:,' ·,,, •-~ ;~~ 

I 
~ 
0 
I 

,., 
-0l~, 
',t,: 
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In T~Lle III the :1e<....n.s, st.....ndLrci devi.: tions, •.;;n(t cocff"'icients o! 
relc.tive v<.rii,bility e.re ,;iven for Lll ·:ie,.sures on tll<o dyn&mometer Wld 
constLnt stimulus shocker for t'1c- inai viciuhls who h&ci Leen tested t11ice. 
In ;;enertl, t'rn :C'.141 ,.nc l)~ dicitributions &re com;iarable as to :ne,on &nd 
stiillc.liru cievi&tion. In exunining TLble III, it will be not<cc t,,~ t the points 
for )Lin, very p&inful, >-'1ci terminal ,oecin &re slightly l01·er f.,r tl1e 1942 
c&ses trucn for the 1)/41 subjects. This c~n i,e accounted ror by the fE.ct thnt 
th& constc..nt sti:nulus ;,hot:ke.r v:Ls ::r.odifiec: d~'ln,i: t~1e inte.r-iL1 <.. nrl h&u [;._ slight'­
ly aifferent ctlibn.tion in 1-,4:2. 

Tl1e test-re:teat cur1-elr.tions (l·?,/,.1 ~~s. l'.,>1.,~) ,.-.:!·e ~~rts.seni~:.:d i1~-. i:,:1,,-:._ble IV 
below.. In i::;er ... erc.l, these cor1·alotic!!s tE-nd t.c be lo~·:er tn.s.r::. ~-,he corr,-:s:Y,:md•­
inc; right-left corrt;J.c tio ns.. It :tiu;-.;t be I'E>.1BL!J.ber8CJ., ilor·e'7er J -

1_.li::_ t th.:: :~JJr/: 
intervc.l in t:11::: former cc.se (test.-·.J.·ctest) wc.s Lp.t1rc:,d.E1L-::.~1y LO :,1 •. ,nths, ,;·l•~.!.:' 
in t":1c lr,ltter (right--1£1:t c1J1--r;_,.lu C.:ons) :i ,-;nl;y t. r..1::.tt,::J~ o-: 1r•ir:1: ::.es. 'l'his :('ri,> 

tor &lone ,,ro1.2_ir.1 t:c.:tirj to r,:-(,UC(~ tt.s (!Ol·1·e2. .. -, .. -iont.-: .. 

Te~t-l·,r:ts2 "7_. Cor1~eJ.t=. ti.oD . ..-3 fr;:;.• i he :land ~.fl!&mo:Ttete:c 
LD.ri. tl1e Con3t,\...i:.Li~ ('.t,i~D~.ll.'J.S Shocl--::er .. 

l)yn.ruomeJ;er 
Grip 
Time 

Shocker 
P&in 
Very P&in.:'v.1 
rrerw.::.1121 
T-P 
(T-P)/T 
(T-VP)/(T-P; 
(T-VP)/VP 

Left 
Co~relat~.or..s 
1941 19J,2 

~c 
• I, .59 
.,51 4'/ 

.20 ~ 7(,~ 

.3J ~ Sl. 
-·~1. . :--, 1 

' I :;. 

,73 
J,3 
.. 1,1. 
.53 

*r"• corrGlation.s lnest :--! c:_-

te.3t '•' \J. tv,:'._c:.t: the ~-en(i.,h (: .! 

- -~P.ight l .~"J.d--­
lS!-!-1 P1~e1~i~!t.1~n 

v~.. for tr.a 
d,ji,_~ ___ t!·i "1 s __ 

• '11 .. 8.3 
.4'3 .J)O 

:..,., 
ovU ~75 
o·S 3 3 75 
.7'! ~3g 
.. ("11 ,?') 
.:n .£7 
.. 3i / ~-, 

• -~ ! 

.. J~; ~53 

-G.! ·,:;',J- ~· [;c_ t.-••• tn•-: L, f ·-· r~c_ ,-
e G1]';; .15 :-,:·~ .... 

---Left Ifaud----
1 ')41 Frs,i iction 

vs.. foi· two 
l~ _____ trials~ 

.69 .::-2 
,41 c;58 

.64 .78 

.64 .78 
• 71, .35 
"'; .71 . ,, 

,J7 ,54 
~3C .JI, 

-. r• 
.. .l ,' .. 29 

-"[,i\ - -~·.r·ui,.;. i..','!U.lG for a 

'l'~ie mt,xi:rtWll_i-:t'"i9 1-u_t ,_r. :r.•i;·.,·j_cl.:.vil c.·t: -:-::e·:.1
.:. tc2t-•2B-:....,-_::,.,:d, -.:-·e:-:_iot:.11~~ 

1-t,v of .. 71 .~nu ./:/? tur ·~•::::- ~ ·f)1 1~- :--L,i ~L(:!:",. !;...-::~ .--:~.•t(~t,1\·,:1:y ( C::.blo 111)., .Ir 
1_.., .. , 5,1--., ,.:.:_E-c,-:, '.1-::u ',E.•-··:1 1._ l-J~·11 

.- _,r:-:,L!'_::.. . ,J 1..1.l.d ::,L·~:? ~p t,.; 
.J.br~~:th nf_•;_,in~e~ -.,r~L..L ~::L 
,fCP~/;' '1_;~: J .':•i.,;-JJ.C -, , (1.l. C:,E ~. 

-'• ~.: .. if lt.r.r: 1 :: ,.-.~, . · .. '. ~.1 _: 

l E".1:,i_ :~!.:::..!.'.".~~ r:~.-.:J.; 1•.:,!.v:,-1<,-

.,!·w .. ~ 1t '~ ~'.; 
.. j '•J -r,f:'.:' i"-::}_-~, 

r 



• 

,. 

·.:..n 0Lch hc:·ndu In usinG thl-, a.yr.i.c;.4!Jometer tt is reco:iuS·ncea i:.;v-. t two trials ~-E:; 

~._.:~-=n 1-:·i tlt t:1e ?t'tferreri hLnci ~nd thf: c..vero5e of the t,.o t0 u_.;~en c..s the jncii--
7iuual1s ,,bility to resist f,oti,:ye 

In Tv.ble V., tL1r· r11cLsurcs ::m. ~--:~ r_.:..u:.1 t, 1:.na .:i..eft lu~ncis .1<.. vc \ee,n combinsd 
adciitively end ·,t~~t.-rst€st (l';i~ -_,;;., J.'')/.;:) correlc::tions CVE:putcd., 

-_,. f; .i J ? '-;. .:..~1 ~\2 _:_ 
'i'Ar:.:.l.ifi.£.J 

Jync.moneter_ 
Grip 
TimEi 

{;'7 

//2 
\3 

Of t.hf ,1~1·.:..ous r:ieE s:.:..:·c:; or: ~'!r ·h·-,·~· 1 ~~•i.·•., t:1e m.o:Jt 
left, ~n:l tc~t-1·etast co.1;·~'elt:t:,_o:r,~ ~-n~ •_:c•r· .. ,it1e.rc.cl;a i...c: 
i.,e.,., -:1t:.r.. t.~e l.nlliv.ld11r.l c.:..rJ 
t~·._-: _,,- r.rolc.- tion tetrtef;!"J 1:!i,:: f. 

h ·-t~{~S for 1')41 c n'i 19.42,, :i'n_:_ 
Jt:.c t .,:t..,U-l.).1_'0'\'-'ll for~tHfi -tn,-:CC:' ,,, -· 

Jl ('i 

._,, 

Cc:·:,·,~~L}d ~,;•/ 
·\.Je,. :';r, n--U::-o::_n 

.,34 
~ q)_ 

~~e_'._lt-:lJ..t?,, ~-·1·1sC! ~. 1( r-<.:;-r 
~'.(1£.i: r-j' -~(;(---,- ~(-L'L,i•·t<il : 1, 

i_ 

: r,. -~ ni '1:.ll•_;- !~e1~.Sl·t•_ 
1~ght and left hands" 
the right and the left 
ty t,o resiat pain, 

Thus, 1.n ~i-~c~t,t. __ ~;:~ t.'!Wo t.riala shou~~d b8 ~1ve·a u:tt.t 1J• 
ti.ands v fil'_.j i-h:i : .. "'8l'"(l_ge t..aken ,S,e tbr j ndj 'TJ~r1tt~::. ~ & n[~ ~ 

In Table VI below are present.ea Lhe t,a,;t.-cretest oorreletions for tha iJ":·,. 
tial measures taken on the constant ,st,tmulus shocker when they ar-, u,~1\->'.n"!d 
addi t1.vely in various combius tJ.on:i . 

P ,. 'lF 
V? ... 'J 
J' + "' 
F f ,''° t 

.'\ •-1Jht ,I;,;1{1 
_I'-·~ '~1 '['~ . __ ) }.~;~ 

. 70 
.. 78 



B Intercorrclt. ~ions. " · ti,,, en•, Jubstl nti, I con·,:l~ tion v:s&.s 
£',)Uf!L betrecn strength £S :":1;;:;_;:,ur·d:1 b:; c. 1!·.it-pull 1.nL orip in the: ribnt Lnd. 

left ;1Lnus, nE.mely, .47 ind 041 .. i{o~ ,.very t:1+1,;;; correlc.tions ~etvee11 meLsure.s 
of :1.tib11e r.i€n rccorc:ea in ter~,B o:· tiJ1s ~or chest-pull , nu avnu:ionwter 
t;rip i·.1;;re !'0W1ri to be, in tl1t ncd+,hborhoo\., of '°00 · ith L 11 ,;.el :.;rss 
tnti indice,:;; of ;-,t.in. The ,·:;ec :,:ires of 3tr~n0 th , n1..1 endur<-nce £;_:;,.-cLr to be 
incie;Jcr1-...ent of ,.,~if.: t.bility t0 l't:si;:;t _;.:iru 1.h:: vLrious :ae;;..sures of v eage 
:,.;netri..tion c.nQ ~ , rt CGrT&.i.r t"tl r.it,1 c1.c,1 other ln ~e,ner~l in th.i neigh-­
borhooU of .~5. ·lhi::i lov: c•11-Ttlt.tion in~:ic4.tec trn t th.t?re ;...-::_·1-Y be difference 
Lt;tt.'een pt.in c.s infiucetl by ~ulJ. ,1rc.ssuTe t,n<i ,..x.in LS inuuceci r,.y u t vilJt·L. toryt 
shock. 

In ~0:!.iE:l·&l, t;'iL; eviuenct ir!LiCctes t_u t t·1e cc ,~., ·•~e.? nto UJ;:,e it•1 

! s :-'lt:.-l-.J'.1I'€d ty ,·lliln._nes.:i to f:nLurt: J;...in c,r fr..tib1Je :-it.v~ no rBlction to e,;.,ch 

.::itncr.. Tiis hypothesis find~· fu1·V--_er c:)nfir;11Ltion in t:::F: r.ork of Y"h;;r:ry.11 
I't ,,,ust be re .. ,·0_1Cer:::u t'.·J, .. t c.11 t1.~:..?e ·.,i;;_, ~u:·vs ¥er·c )Lt.Lir:sc in r n.i..,:h.ty ,r..ot:.­
VLtE:-(t nocib:, C'itu&tion •·:nich o~e lfli~.ht Go1~::;iccr to 1.<E: ..,"'nl:,,, -f: ~1L1tibl suhst.1~ 
tut-:; fur t;1e sterner· motivr t~icn c•f Y·c.; ;Jt;l L~ t:L fl.~. j n,., jit,jt tion., 

C Fo.csto:. ... Ant..l ·1sis.. :J:..;in J-.1.mi".:;C.<,nE' _ Ccnt:cuiG. :·:.ct,1i::,d of F·rcbor 
. -JnLlys-is,~ tile lnteJ'Correlc r.inn:: 

·,ere .. tm,ied ('l = E•)). ;io~ e.11 
r,f j O c,,f t,.tl· . .;_;;:. ii:h- ;3Ut'H-: f-1~).'i.l),VU:1 in J.'Jl~l 
1-:;!: L1e J..:'Liices ;....f ,;noc.r:: ,,.1;3.re u ;·2~: in t.::.1e 

:'c ct,-:.:r L!ll 1-,sf:: l cc-..u::::.: of th8 .:;pv.r:,.ou::.:l:: ~tl;;;;h corrt-l•_tln1~ hf:::'t.Yeer: t!:i.cm. 
The prt:stnce of t:1.c 3< me or lui,.Jal '.H.!Oren 1n tt11~ f,Jrr:ul.s.E U~,ed in the CE..lcu-
1~ tion of these in01cus force0 u,:.s '1i~~h c:r:1:•1'~l t: :'.inn.. 1~ 10<::,rJ 2-!l,:: . .Lcc,::; of ,..;~.~ CJ' 
:1. vin . .., t,I1c. hi_;htcst r~·;lLbbi_:_.it,:r (,- c1·tnlEc., rcli.:,.bi~1.it:,· ~': c~ :JC L.S t~-!0 ~.)r~, 
r-c-::c.ti:-,n UcLween \;::c.surc.s on tht;;; r.It:,t'1t, ._ ,·1c.•. i.< f't ,1.£!r::1sj V,t:::'"'f• .:.i::~.-_ cte1J t-1 ..:.-p::-:i~i~r 
.Ln t:'12 ff.ctur 611,'.":l~.t3ls~ Tht: risLt-~:.:::. i-Li.cs for thes+s l~~c,ic::::.; of 

\ shock c-◊ i-e~l. L6 -r"or tire ntiler v,: : ... i.~"b.i.;•:c,. to oto fee t, 1J:..ri;;:,3c; .:..r, LJ_;:.1➔,td Lt:.low: 

Pu:J. 
: . .'~1est :-.r c:;r'..:ete.r -~------~~ ·Ctl'ie 
11~,7'11~ r.::cr.:E: ter ___ ,... ____ 1· '·;t _,x·;<-1 
D:;r11t..Jr:c:nt tc:r 
L:, .. 11c.:no-,1€ t.er 
Ly:1:...c:r::•.nc•ter 
,. eJ:...e lnz'\cx 
--; c .. ?e Inuex: 
5!,0C:; lno.e.x 
J:10::;l;;: Intl~x 

------·-~· i.,r~1 t, \ir.L~~· 
--- .. ~--- L,·.f~ Ti.~~. 
-·~~----- i"(i.,ht d,: 11d 
------~-- Left .iL.!nJ 

(T-P) U ... :,t 
(T--P) Le.• 

• 7J 
.. '\J. 
~ 't----: 
.;l 
tll 

(,"! 
~ \. J,. 

t-----~·-----.. -----------·~-~~----------~--•· --·---~~ ·-···--------_.--
1 ll-,. ·n,-r···., '- )0 ei·t ·- r- --- ·" · , '· - - • ·0 · • :.. 1 - ~- ·'· · "'· , .. · · · · ~ ,i,;; 1,~, ;.,fl, 1."' .,w,.,_-...,1L.c,.,;__,...,n , -:::. ,!-bi, ..._•L ,1,t:.•; 111 .. v,,..,J.;:i!.en ... e .. 

:(:Jnive.rsity ::f ~'J!'~.h C~ro.llnr., P1-:::j..::,_·t ~c .. :; .. ) .. ;(.;.>Jn~,t.011., I;., G.: N-f..~r: .. 
jco1:>.u,ittee un '...'election r .. r..li T--rc.,i,nino:..- c,f ·.1'cr.::~·-c ;)i:_1_,__,-:·.:: L)41'4< (ir::.cluaeQ as 
~-J;:ple,:,;:,~t ~ t,; !.,,;e ,.1rPSt:ut report") 

'1 
12T:J~•;3t,,_;~1_:i;:, L .. L~.,. I'-l'.:" Vt::"Lc.r: Ml"l.: ;, ... 1 /:..'. ll.c1~c.,,-,-':' ;it}" 'JC 

,..,,1,.., ,, ,'•"'s,""-- L"~" !,,1,.~L('."-,:- ,>-._,µ;:,;I' 7..-'.¥ 
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- ,---'i'~,- ' 
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1'.ffe.;~,:.1-
;:,-c· Pre:oer. tcd 'in Tc.ble VU ~re t, 1e interc•.>rreli. tions {Ptc&rsoniun) 

¼:;j, 

t!r - -

---

of the ten v'-r1dJlcs for t!1e 129 men for ehom complete records ~ere i.ve.il-
1.ble in the 1 }41 study. 

(1) 

(;:) 

( 3) 

(4) 

( 5) 

(6) 

( 7) 

( 3) 

( !2) 

( 1 :J ! 

L,'nest 
E.r0 or.:teter 

Pull Ti.ma 
( 1) ( 2) 

TABLE VII 

IntBrc,J.r relc. tions .A1.10n 6 the Ten Mec:1.sures 
( Carrel& tion~,l 1i,~ trix} 

H1.nd Dyn ... rr,orr,eter \' eci,:;e 
1,i.;h t Ld't lest 

Shocker 
(T-P) (T-P) 

Grip Time Grip T'-'i:n"-""'e'--~Ri,,,-,,,;;;,,he,_, te._~Leclc.±.f_,,t'---'=='-Right Left 
( J) (.l,) (5) (6) (7) (8} (12) (19) 
,.,~71 -.107 ,/407 -.0~3 -.134 -.0?-3 .126 .107 

-,.011 -.066 .Di~ -.134 .054 .001 

-.J?l · 794;~ -.136 -.110 .074 .074 .119 

-.0'.i3 .513* o·~ 
0 -'-" .022 

- .;o .104 .126 

-.Ol'i .015 .047 .003 

.0:.:5 -.094 

.1)6 .. 099 

. 7,.6'' 

~
1
r.1c, r,;_• i ,'._~::n~J f1-J: t.Jl' lc\:ic..: Ef~::J - •·;~'f: r,)tc:ited ti ,ree t iii.·~::, tc 1::..chiev1.J 

r••.'t:L::L~1. 1.11o:::;:,;,, 'l''":t.~ l1Ju . .1a,_ '--_ , .. ~·tE.::-- ··,.: ~1 ,_:'.•~1. :-,:::,t,c:-d.,j.r,11 vre •-,l~E>.-::;ented in 
T~ l: \(: 1;-:'_II ~Ii ' 
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TABLE VIII 

F'Lctor Loi.dings (Third hohtion) for Ten Selected Me1.sures of 
PL in ,.nd Ft. tigue 

I II III IV h2 
(1) Chest Er,.ometer ---- Pull -.066 .ooo .496 -.326 .356 

(2) Chest Er;;ometer ----- Time -.068 .059 -.096 -.::::09 .o65 

(3) Dym.raorae ter - li.i~ht Grip -.029 .1:c6 .345 -.~63 ,79S 

(I,) Dynamometer -- tlibht '.fime .028 .291 .o.36 .623 ,474 

(5) DynLmometer----- Left Grip -.067 ,139 .829 -.226 .%1 

(6) Dym:.mometer ---- Left ,rwe -.040 .285 .000 ,662 .520 

(7) V:edge Index --- Right HW1d .::01 .,502 -.285 --~77 .450 

(8) ?:edge Index ---- Left Hand ··,3.32 .613 -.161 - • .354 .636 

(12} Shock Index - (T-P) -· liight .497 .. 609 -,138 .ooo ,637 

(13) Shock Index (T-P) - Left. .1,19 .608 -,126 -.113 ,573 

Fbctor I --- .Ap~rehensiou, Fbctor III r,lo:,ienti,ry Stren(!;th. 
F&ctor II -- Endur~nco of Pein. FLct.or IV 1' illl.ngness to Exert Oneself. 

The first fc,ctor h£,vin5 het-vy lo,,u5.n,,a for the ;··edge ~nd ahock ills been 
alled I Ap:orehenaion. 1 Consk.ercbl2 fe,:.r , nd ,:.;:nrehension v•erc exhibited by 

the subjects in connection wl th these t;v~ t:,sts, rnd mere !'or t'ie shock than 
for the v;ecit.e, prob&l)l;l e,ue t .. , t./;.;; feet that t~1ey r·e~"C' blindfolded.. Further­
mo:re, the ric;ht ~end wc._s t-h•·rys G½e first testeO Fith the shock e-nd the first 
fu:tor loL<iing is he,:.vj_er fer t:1is eJLr:d ti,.s.:i fc1· ti1c: left. 

The second f, ctor :i, s Leen c, llzd I Enctur,.nce of' I'Lir: 1 since L"-r"" loed­
on the }Uin r.~et,pur·cs Lre cht..:r·t.cterist.ic of tlli~ t::rcu-;,ing. T.:1e th!!:g. ~==- r;t.3 cLllect '!.lom12ntcry St.r.:3n6th' .:Jinc0 it ,•Ff'ei·s t:, trtE: inLivi01Je.l ~ s 

effort.. The fgurth f;.~tor see1...s: r.c :::~ 11· ili.lnf;;nes:S to Exert Oneself' 
un£.::2,- .:.trenurms ph~1 05 ci.J. c0n,:,..J.t.ion3 ~ It .)v-erlo ?:'5 V:i.t-: s: 1~:r·~~1ct:1 f£ctc!" ::.s C6!l 
Ns se,e:n· by .:.r:.e r'.1[,,._,ni tude of the lo:.dinE for ch~st.-.,:;ull : nc t~rip., 

ThP~F' tr:n -UeUt)Ul"eS h;r?~V flry;;'Y\ t_nf.0 t,-,.-o £"rOU:f\;:;.: r\)11l< -:""~,;,:-:""..: of the six 

me:.sures of physical strength &nd t:.nd.urunce 1 :tepi·esBntsd. "by the f~ctors o.f 
1lllomentary Strength' Lnc. 1Willjn~ness to Exert Ones,;lf, 1 i.nu th;; other com­
posed oft he ;:,ain me&sure;;. This latter group is accounted for pri!:larily b;r 
thG first two ficcwrs, n&mely, 'Apprehe1,.1:on I ami 'Enciurimce of Pf.int. 1 There 
ls <'.lso evidence t'iat l,he r:edfp is ,·&hted cc the foc:rt:h factor -- ,l\l,'illing­
ness to E.xsrt Onesalf., 1 TL.ece f,'.::;ri.1Z,e inc:.ic:t:f} i:.rs in ~2art A ft.met.ion of th;; 
physicc:1 stl'ucture of be :;and, s.nd ~iuce t·c."' ;;core G'l the wedgs la the 
re,.tio 01' th12? 'point of pEin' t,o th~ tel'~:-.. : _,;:-~tJ~t:cr;:t.i.or~, the thicker the 
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hand, the greater the possible penetr&tion before extreme pain, with a 
correspondingly larger ratio. This fact possibly accounts for the magni­
tude of the loading of this measure vcith respect to the fourth factor. It 
should be noted tlua.t there is evidence of" fifth fcctor running through 
the measure of time for the chest ergometer. 

In his study, ,:berry used a blettery of fourteen meesures, including 
four meaBUI'es of persistence at physicelly tiring ksks, rnd six meesures 
of persistence in pr.infill situ&tions. 1'hese ik.U.. yielded four fi:cctors inter­
preted es: (1) endurE.J1ce of p&.in, (2) strength, (3) willingness to exert 
oneself &nd (4) ergograph, lliE pain f&ctor resulted from six measurements 
v:H.b the l!owel:J.s wedge-test. The strengtt:. fc.ctor wes relt.ted to heif;ht, 
we• ght, h&nd dyna.mometer &na the fin,;er ay",.&mometer, The third fector wes 
&lso rel&ted to the two dynli!nometers 1.nd to oupportin6 an extended v,ei,;ht. 
His fourth factor was unique. 

These t~o independent studies usin5 me&sures of strength, endurance, 
Uld pain, r.hich although similar, ,;e;r2 .,coreci differently, reveel mi aston­
ishing 6lDount of ugreemen t as to the group in,;; of the lo,caings for the ve.rious 
sets of measures. While this egreemimt may be entirely fortuitous, it is 
nevertheless more encouraging for ce.rrying on future work then if the group­
ings had been entirely at vt.riance. Furthermore, both sets of loudngs seem 
to hEo.ve 1 face validity,' 

CONCLU'SIOJ-lS 

The various mocsures of pain and fe.ti6'1le stud.led in t 1lis investigation 
i;.p;>ear to be fairly reliable. Incre:c..sed refinement ,ma standardization ?·ould 
probably incre&se this reliability, 

The evidence indicates thEc t thE con8tE.nt stimulus shocl,er ,•.nci the hand 
dynamometer have sufficient reliability to r;arr,nt. beini; given a field trial 
for predicting resistc.nce to :Jain tJ1ci ~c:.tigue. The shocker used in these 
experiments has & reliability of ,91 for the averege of the terminal scores 
bi,sed on tv,o trials with each i1W1d, The mec.3urs of fatigue recommended here 
is the Rochester modified h&nd dync.mome ter, which hi.s € test-retest reliebil­
i ty of .60 for the sum of two trials with t'.ie ,;referred hand. 

The me1..sures of p&in c..ppecr to be independent of the mec.sur·es of fati,;ue. 

The pe.in tests CL.11 be ,,ccoun tec.l for by two fLctors, c.p;irei1ensio11 and 
enour&nce; the f&tigue tests by two other f&ctors, moment&ry strength und 
willine!,Iless to exert oneBelf. These re2ul ts confirm Viherry 1 s ens.lysis of 
&not her, elbei t, simil&r bd ,ery of >'&in 1cnd f1c tigue tests. 

F,,r present testing pu:r ,oses, tr1e v:ed;;e penetr&tion te~t ~ncl the chest 
ergometer may be diec=ded. 



RECOM!,:UIDATIONS 

Observi:.tion of t;,., subjects v:hile kkin.,; the tests indicE.tes that the 
individuals approach the tests differently, Some submit passively to the 
test, some fight ~~e pein and fatigue, many are apprehensive, r.hile others 
treat the entire procedure cw.mly. It w,.s the opinion of the staff ..:t 
.Rochester th&t perhaps Valuable data might be secured from analyzing photo­
grs.phs of the individuals tE.king the tests. 

Fll!'ther dE.tb. which mii;;ht pravc, useful could bE secureo frorJ physiolo-
5.u,al 1-E-.H::u.cJ.s befo,1. .. e, tlu1·.U1g, autl ti'c.er '0tle ·Ce~:rLs. 1ension, perspir&tl.on, 
blood-pressure, psychoi;0-lv1,nic r,zflex, ,;ml he<'rt beGt i..¥•e obvious functions 
to be co~si6ex·ed 11 

It ls reco:nmended thet in furt!1er studies in which the hand dynam:ometer 
is used two trials on the ;ireferred h1c.nd be ~!ten as the individual's sbility 
to resist .fatigue. This test is so exhliusting thst it is doubtful if t:1e sub­
ject should be 

0
i'ven more thc.n two trials on eny given day. If the shocker 

is used it could be advim,ble to give two trials •·ith both t'le right end left 
hunds, ,,nd take ·the nver&;:;e of ti:em 115 tne individua.i. 1 s ability to resist pain. 

In uslnb thsse tE-$tS, cLrB tr~ust bt: :.t-Y.cn to motivLts ti1e subject, o.nd 
to io~rc-:.ss on rti;;, t~·1e i 11;,1)rt~nct ol m6king e fr.vori,bl8 score,. 

J,fter due considerc.tion of the pos.,ibility of injury to fu,s subject in 
administering the v:,;d,:;e 1,est, and of the 1:,echcnic""l ,iroblems involved in tile 
chest er,;ometer, it is rEJCO,.li,endeu t.,u, t these instruments be discarded for 
testing .,urpo.;es, If be shockter and d:J11am01;e·~er, efter fleld triaJ., show 
high enou,;h vclidity to i/£.rrmt using the£". as"' battery, the wedge u1d ergo­
'.ll&tei' ,say be iritroauc&a to incre&se ta,, sti.b_llity c-ml relic-bilit.y of the 

1 

beit.teryt 

Vli-lide.tion of trle:&e tests n1u~~t -.)C ct:rried cut v..sing not only p~ssing 
end fc.illnf:.. at one of ,~,ar t!·.s.ininb st~ .. l.io~is LS the criterion, but. £i.lso 
sncces¼i w1.d failure us comb~t pilots cverseus .. 13 

It shcmld bE:: poir1ted out tti.c..t ·::,1:;-,1t& of rssisU..nce to :pain c.nd endurr..nce 
1 of fct.iGile era not necas.s=:-.r.i.ly litnlt.f:{ ... tv pilots, hut concern themaelves clso 

1· i th aerial gunners, cortlmEndo tr1.cining, ,.rid ~ny other potentially di.ngerous, 
strenuous, or pEinful t<:.sks ~ 

}.Jrn J,~;:~ndix .8 i:::. f<..:u.nl.: [._ er: . :: ·.,i:·;n (:Jf :.:. prElJmjnary sturiy of V£lid-
o Lion7 involvine., ht.ill,;;tes:., phy.slcc.J f/::.c;;..L:.J:; ~t.ic..snt.c. r~nd 10 C .. P.T .. st1..1-
1.1t-nts ., 



ttP?E.NliIX 
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Dl..:,Cr.IP1'IJN UF Tilt. ii_c,Tc, 11::.c~_.wED 
IN Tri.I, ?fa:J.LIIlli-JtY Pili,i:iE 

Five of tiw nine tests in the ori,_inal b& ttery were eliminc- ted cs c. 

resuLt of ;,relimim,ry tryouts. A brief descri;,tion of these tests c.long 
.· :;_ tn t,,e re& sons for tl1eir elirr:in& tion L; wi ven below, 

(1) Ap'Jlicr .. tion lJf ... ~aa.it-.. nt hec. t ttJ tn.s b&ck of the hand. 

Tnis c.p _,,._re tus conBiti ted b£-sic&lly of ,._ 50,)-wG t t lam:, c.11<.i two Pl&no­
Convex Lenses~ The fi.lB;nE-nt of' t:1e .J..w:1p w&~J foct,scd on tI1e bE.ck of t.he 
ho.nd L1rou;~h ci smc:.11 o_Jenini:; in c shield... The hand Wl.,.S i{C_,_Jt, in ?lc..ce by 
roef:.lls. ,Jf c_ s.:Jring clo.:np~ Ji 3r,1e,,]_J. sh;1r, ~er Wf~s rr.&nU&lly operc.. teci in ~front 
of the O;Jening tn sue~ & v:;___~r t:.1fit the:: r~ys contLcted t::e hc..nii for per! ods 
of ·three seconds 1,•-i th un iriterv.c...l of t.,1:"."ee seconds bet1H::£n exposure _>f,rj ods 
Since the threshold for '.1&bt ser:is tion -ru,d reeently been derr.:ons~r&teQ to 
be fc...irly str:.blc frJr;1 L1ci.ividuc.l to 2-ndi vidual, t:1e rnehs·.1re -~f resi~3 LC:cnc~ 
to tlK p&in r;f Lh~ hec.- t r~ .. s lhe l-r;tc.J.. ~:irue V.''.1ich elapsed beTN:een t1!e first. 
rc.is:Lnl. ~:,i' Chi_ sh1Jtter ~IJCJ. tv: .. eveniu&l Tithurc:wr,l o~· t:1c: -:1c..na from t.l-:e 
'-J]E...rt..tU'.3,. Elic:1 :1.c,nu v:c.s te:stec:. ..i..n th.!..C r.u.c...nner. 

Tl1L:i tt;st _'iroccc.mr0 .1l6 ◄.:.o tx: (.ii..~icc.rded becc..11;.;e it v:.ss found thLt 
the ~ .. verl ~S: 3Utject Ldc..ptea. to 1:.::._s :11.~c..·.~ c::'ter e,b:)ut l'3 secon•:i~. If trle 
ru .... nu I:.:,s kept in t.:.1s- '--·_·J._,,1:.~,c:. t.1...13 :C1Jp t.:'!i.. ~ 1eriod of c.(li.,pb'.l,.tion 1 .oo t',ore 
sen.s<.--Li:::ins ,;f ~c.in E-ro;_, "v~1(_ .~:-c.- :, · .• e:.1•._- :;;:x.porienced. 1 l{t.; v.or;.1.dj thus, keep 
his :u.--nc~ in t~-ic ~-~)E.r~ t'.l:'3 u..'1'.:.::' .. ~ .. -,-:::, ;"J' .... ·':'ered "-· .severe burn~ T'r.e test wees 
obvi1.:msly too dt n_;c 1·, rn::. t,l) ;~ .Je. 

T;1e ::;ul.Jjcct. ·,·:Ls 1• f;,
1
uirer1 tL. 1)lc ce :·lJ.s !~no. in c.. bucket .Jf 7iL"t.er c..nd 

holu. it i:.,iert:.· ._s lon~::- c:.....> ne c1..:.ulo. Tbs t.:-:;i;,Jcr& turr'::' o.r t'.k wr ter -L!J t:l:i s 
ct_::,c -.-,1....s 3;: Uis,_,rec~. Tl1e ~d~.1-tior; ,if ,,;~_ Lt tu tl! . .,.., ·, ::;ter tc, lrn-1,'et· its tE::Ef'1-

~)er<!:.-Lurc.: u ... o con:3ic._e:r•E.-:J, [yi..11., u~::icn ::i:1c. ;_ ;_,vice of phycic.iEns this J.Jropoc:c.l 
\i'LS rejected. Ti1e J:,t-.::.:.:;u:ce 1.2...ke:n ,-.Lh ·\ r- t;1a i,otLl l t.i.ine of im. :1:p:-1<.,-,,," 

l~ sin~il[:I' condition J.)I'V,n:d . .l.E:-C. fOr thi~ t...::st Es 5.n the Cf.GE-' r_L'. t.le. 

~.?~Jlicc,tion of rc...:5ic~nt rtG&t. J..fter L vhcrt ·:_lme . 1~ ~ E.ce:,torG <Jf t.;1e hand 
&p:JeLl'EC~ .,.::.v :;_ri&pt to t~1e cclc1 ,.-.- ..... te.::·, \--.:Lt!'! t ~e .L C3U: t -1:.t:;.. t t-'.lt; sub_ic~~t cou.ld. 
l..e~;p hi.s ~1,;..nd Ln ltic wr..1.te:-." f:::.,r- ; .. n inaelinit,E- .1eri0d .. -~ Hencej this so-cf.lled 
•test;' v-.s not a t.sst o~ t.~1'"='" ;.iE.,n 2Ecto.c c...t i1ll .. 

Ir, these tests ths, f'J.bjec-t r::_5 rE:c..i1~J_1 ... Ed~ .:.r1 th'::' one cr.sep to mr:i!'lt&in 
hls s.rm perpendicular to hi;i L-ddYi :~n th.-::- nt·'.:•.tI'> t(! .:.r..Lnt.a:i..n his leg per­
pendicular to the body while stJded,_ 'i"he me&sm·e tc.l,e11 1',bS the time during 
which P.n individual 1·:0uld v0luntr,-:-ily c,&.intdil, :,i.s 1.rm or '1.is leg in this 
position ... (.An ao;arctu~ -.-."~J.::;; ':.!t:-·,1 5 :.F:tj .~.:ci.-"inrllv -;·hi~h I'eL,uired the subject 
to hold out .9. wGi./:1t _JT'C~•ortiun~-1 -~,u·t,l-- .. :·:t.rE.:n~;tb r:,f his ~art1,, tn.1"t it w&s not 
constructed s .. LDce i-:-. ~1:~3 feJ t ~.!l~. L :31~,cl:. a '.~2B1: :-:;,!"::1t ·.r-ov3 to be :i .. nJu.:..~ioJs~) 
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· Af'P~DU A (Continued) 

These two fi..ti!,'U9 tests were elilllin&ted on tile t;rounds of the length 
of time it took to ad:niniste:;: them. It v:,cs found t!ll.t subjects could c.ain-· 
ts.in such or-0it.lons for fiftesr, minutes or lon'::,er. 

In this test the sub,joct, ?i&S re'iuirnd to 1>£cintdJ1 e. weight p1·oportion-• 
tl to his maximum pulJ. for E:Sfong a cb:c '-8 po9sible. Th& inde:r.: finger \'lafl 
trttached to ~ t-m11ey ;.1cvice •~c..cr_y"i.tig f11 ::.djuatublG 1cr-c1-d~ ~4f'ter the maxi.Elum 
7•.Ul ~2s dei..eruine,..:'. fc1r1 the s'..i!.:.jc.:c;~,~ ;:;, ~·u.li;:,t of 75~1 C"f this ,axim\l.JD. was 
&ttached to the pulley. 'I'he 8Ubjeci. 1,0& ilrntructed to keep this weight 
above a giY2n point. A buzzer sounded r hen he w&& no lonser able to '.ceep 
the ?;eight c.Covs thJ s ~1oint" t~ec su:--os o.L ~taxiinu.m pull c,P.d time maintained 
v.ere recorderi for et.ch hand. 

This test o:t.s discurded ;,riI2&ri1y cecLuse of mechanic::.l faul. ta. 
.,;,cs found to be extremely difficult to 1:,ake a comp&ct apparatus which 
be re,.dily adjuc;ted t0 the Vc>rious sizeg of he.nds. 

rt 
could 

The electric shock q,i&ne.tu:; ~5 fir·.,t Ll5ed had t'.1e current applied to 
the 11£.Ild by mews of a mesh of meUcl skips in a .).ave-like api)E!ra tus. The 
stimulus Wc.S tc direct 'dry' shoe!~ f'r011 tbesco strips. Four readin,is on points 
of cir st senSf_ tion and points of ;,&.inful 1cnd ver:r painful ecnd the terminal 
point 1·.ere Uken. From th~se ciec.5U.res VLl'ious indices a,ere to b€ computed 
as ratios. , 

'Yne 'dry' shock hsd. to be disc:-.rded becu1se it n,s f\:,und to reproduce 
sli5ht loc>cl turns at t:11; ,;9ints of imperfect sonu.ct of the metal strips 
>.nd the, band. A •wet• shock in villich t,.o finger3 of t'.1e swne ,!£1ld r:e::e 
irru:".orsed in a. se.t1ir-E.ted s.&lt solutie11 •.',&;{ fmbsti.tuted in its plf~ce. 

Other l.nstrumsnts capa·ole 0f ;,roducir.g more dr&stic pain .,-ere suggested 
, nd conside:.ed, but these were discbrcied for both _.orcct.lcal 1,.nd hum&nitarian 
re&sons~ 
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In ;;, crude ~tten.pt to determine rhether the tests i'lEd any 
Vi. lidi ty, n::cmbers o:f' tile Ph:;sic1l Eo.uc, tion Dcpt.r twen t ;,ml the 
J.thlet.i.c Co;;chil¾c, t,tcf±' at tac University of hochsster c•.ere i,.sked 
to ricte U10 subjects in ille <ox:,ei'in,ent •:1th whom they 'i"ere familler 
on their 1 abilit~- Lo tc.ke it,' Fe.c individuus vere reted by more 
than one _cerson, and no one st:b,!cct 'H.s rLted by ruore thlm three. 
All ntint:s were m,;c!e on " five-poL'lt sm.le, 

(orrelt. tions ,•;ere c01a;iutect bet•,c·een these ratin5s on the •abil­
ity to t&~;& ic 1 ~nti t;,e varLus indices of pain Wld fttigue employ­
ed ln tlt, st\.1dy. These cor-relctions r<.nbed from ,0$ to -.10. 

In b further ,_m,ly,3is, b.cl ic.e11bers c,f the University of Roches­
ter foot bf 11 sc;_u&d l'lho huct )1crtici~ ted in the experiffients were 
sepv.rc.ted froa. the ot,,wr 3u!:Jjects on eLch of the meumres, The 
hypothesis th1..t the test resu.:.ts for tnc footbbll squad were not 
si1,,1ificu1tly different fro,s thoa;e uf the .;ener1.l population 1111:s 
testea by chi-sc,u..red,N :'i1e ,,robLbilities fell bet~•een ,40 uid 
,90, inoic~ting tn&t the f-:otbdl li,en re9r.:scnted the general 
So"1ple insofe1r c.s )er sis t.ence 1..nu rcsist..nce to ,J&in 1..s mei..sured 
by t;1,;se tests 1..re concerned. 

Gcoi·-,s for 10 C ,P. T. r..en who _ci.rticipt. ted in the study were 
witlyzed i,· thci ,;me f.:..shion. Tiley Llso did not ciiffer signifi­
c;.ntly f:ro" the ganerbl. sample, 

*The obvious .nbnner of vLlid&ting these tests, together with 
the most promising ones from Wherry uia Glllil&nd would be to see 
whether they actually distinguish between successful und unsuccess­
ful combat pilots. (Reports of research conducted by A. R. Gilli­
land &re to be published later in this series.) 
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'E1O .. ac:oD· .ccco ,ressure hst is t:JC :oro-rwmoi· of tl10 nicrorJ£ltor \'JOdce 
od in L.c::is stud;;. :lssontl.o.Lcy it c,,nsist□ of lover und :i'Ulcruo ·;1J.tll o. tm,lve 

o one ratio, he ·,10<1,:,-e is ;.1loced in tl,c sulljoct•s ,JOln or otlxlr Qostcnatad po­
ition e:ni: _.mased do.in at o. c anstont rate Ly o.llo.1in: o strean of uater u1tl. o 

·,;-
.~ 
·1 
•-,,v-

xed rote of flm7, to flo·.1 ln'co a c:ontoinor suar>ell!'ied on tho lever. Doonuoe of .,_ 
he weter, ti.tis c .J,oratus is cl=,, lo.rce, and inconvenient to llor:: l'lith. 7he ·1:,: <,:;;;' 
licroueter T<l~o !:cs tho udvnntaco of 001 ~ uotness,. cleanness, c nd is easily reo.~. · 
lhilo tile ro.·"c of incrccso in 0 ,rossurr, ·.lit!. tl.J.o nicralfltor :m,' not be ao oonsto.nt•:,.,.,_. 
a in t,,.o .. o.rellt c_,pcrotus, it "· :,n~rod tlmt the :l!lily odvant(l~.os cutr1Mcl10d this ·,•>·;• 

I , ,... I - '\';. irl(_~e di .,odvanta.~e" ;t .. , 
In o . ro2.inimr;· stud;;•, bot., t~sts were odllinistored to seventeen smtle?It a. 

· 'Lo . oint ,11loro tl1c sul>ject felt ·,.cln ,:as recorded and al SJ tl,e terrdrml ,:,olnt .. 
n the C!:!se or t,1e :·,:.cro,.10ter, .it · . .n□ also n'lceesal"'J to record the initial ,,•oint 
JLC :i;riliols usod in desi nntinc the Vlll'ious corr0lations are l.nter;ireted os fol~ 
oc,s: 

I = 11,1 tial readin;: (n.icro:-:cter only) 

P = rain :·oint 

T • <;:>cr-..Jinnl 1 oint 

R ., R1c;'1t hand 

L :- Loft hand 

l : !18C5Ul'a secured I'ro:1 r.1.icro,.10ter 

2 "' DoosurC' scoured f'ron .. onellr . 

. "Olll'.I'CS or .' licl>ilit• : 
:.icronoter 

: ,,57 + :)14 

:o: ,Gl "' 15 

• 

rJ!LI' ,. 

~-,t-~) -1,1..::.....t. 
t 

rR( T.,pj 

,. 

1Iorrell1 

"47 + .19 -
L( ~-,I;!) :: u65 ... ol4 

t 

L(T-P) : a85 ;- .,0'7 

'.i.'lla croos correlations between the various raw scores varied i'rco 020 to ,,54, 
1O1wver, 11hen tile indices ('.i.'-P)/T for the ,:owal:i;3test were correlated uith the in­
dioes (I'"'l')/(I-T) for the ::,icroncter teat for the left hand versus tlle left l1on5. 
and tho ri;::ht i..nnd versus tho r l·;'.lt hGr,d, t ha correlations nere res:;;,octively ,66 
ancl ,56. 

In vieu of tho ,£> ·nitudc of the correl~tions ar-d tho cdvantnces or the sinpler 
a,'paratus, tlw dcrc!'leter ,1ed,;e rrns . usedo .3"!r:ond.ery evidence to aupport tllis use 
io :l'otmc1 in ,,:1n rr.J:,tive ::.o ,1.i tu,ie end ni:;re<nent i'or the fe.ctor loodill('.s found in 
ttis investi:'. 0 tion and 1n thee of ;n1err;ir. 

'}' 
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.·ms Lstrun,·-"Il, doHvors _.ulsntin ,, ,uudiroctioml current of continuously 
,-r1, blc :n,-ultu.:,, ·i t;,lr. s_,ocL"l. oo lini ts. '.:U['l'Emt fl'o-n t:,o secondal"'J of' the 

. •J.rer trons'.'or,,er in .c•ssed t·:,ruu'.:li t:,,, subject; uy •,ray of n 6.J7G tube a,otinc ae 
r,,c1,ificr rni.J cu,::re,t c,, •:,rol tu,ie, ;, co.b1nnt1on of filCed and self-bias ts 

sed, 

l_. . ut ,ut c:.1.oractr•ristics. 

lluc to t ,0 i · : lot,:, roGL:rtance of tllc G.T7G tube conmctred ~s ." ._,. ntodo, the 
• ut•,nti ·:l clovelo:cd oc::-oss tLc nubjoct vc.rios with the subjcct•c, rnsistnnce ',1:.ere-

3 t1J~ c._1rre1:t is mctior:.Jl-:,,. i:!L.o:zic:-id.ent of this rnsistm:ce c.r,c1 "_r,vcrs!:'l~r ri·l Jt,-1 
c, t~_,... bi.~ o otcmtic:l. ' .... 'lie ',tnv~-f'or:: 1 of tl:ic out~;iut is n >"-:irt 5..or: c~'"' ~- ::;inc-c, .r'V"' 

or ~1.·:~_.11 cu.rro:1ts t~..e dH:rcti(1;1 c:r r;o,ci1 :·ulse is of tl!e ·ordc.r ,:if' 1 or::! :-Jillin1_;cti,c1.,., 
~"!.d i·1crc::-seG to ,GK~ 11:.~ t.!..!~~ volu~ of C :-1.n.i. for 1ia~i1ll!~ out .1 -~" -~.c inatL~.:Et:rr, -~ 
cus p:,al; ourrc,:t .1.y UC vr.ried co~1tlnuot:s:Ly rr·>; tl C L·,n-le·ml o'.' t'. ~ ir, □tl"'_trJCnt 
l :-l1croar-1pere or J.css} tc 0 .. G _ C'.o Qver tl1.is f'!:"Lirc rcn.::3 2 rc:xi::".tr·l:l tho cnr-
ont i,1dicatccl 0,1 t·,,, cc·'.J.\Jrc,t,cd ilic., ·:ill ;10., tlcrOL\"''1 tho LS•cbject iITCs-·--octive '1 
i. the :i::::Jtitul1C or o: r1.~1ctuatiuno 1~ t}J!-:. s1_i~Jjnct 1s I"caistcr.te _rovided ihis r~;;~~/?i 
istance <ic,eLS nee r:;:coed 5O,GOO ohns, If tl10 :rosi□ t"1'.lce exceeds 50,000 O:'JlB, thll'['.;,;'!'fj-' 
urr-ent -;:rill Do S•~ c·,1~ ... ':t less t i~-:n inili co.tad, OS_ cci~~ ll:p in t~8 ll_ ~ ,r;r =-C'rt of, the .... ·;,rt~ 
cale , . _. _. .",'(,; 

·,!iii 

2 Cu. trcls 

Ti~ fun· of. t:10 controls c,:ce un follmra: 

J-1 . nin o mr c.7d fi.Lc,. i=t ::ey( Jee ?i,:;, 1) G-1 nl□o c om,-ats the battery 
nto""t".":c circuit ru,d occordir,.:;ly nust 'uc l -~rt in the "oi'f" position rrhen ':;2le iDE'.;iS1-­

nt is n:,t in use,.,. 

S-2 Jcale seleetor.. ~'Jae, LTill<<r (:c.in,or) scde of tiifl curr~rol dial a,,plios 
hen filq Sl'litch is in tl10 "up" .-{)s;ition; ·a.'-'. tk, outer (oojor) scale applies .,.,;·,en 
he s171tcll r,ointa·dowm:mrd,, 

:·?~ 

3-4 :.e:r to 1,, or t runsror,:nr, ·.:u.ts s·,-:i~c,1 :uat be "ontt before on"J current 
en i~ thrcn1f)1 the subjeo-"i;. It is t~6.vi.:Jn-ole to set t:ie our:ro'lt control ot zero 

,•_ (,:·;. 
· ben c:12.D1:e □ in tlir ]lOBition oi' .3.-4 ru:-a ;-,;de.. Jculure to de so:,~:· introduce trnn- ·>:,"" 

fonts c,s deooribed 11; Section 4-b" 

8-5 Cllti 1ut aolec-;t0r ,, 
0, oco'otns b;, _ lo c inG ,;--5 

·s t'lcl.:n·m"., 

f'-1 l ilot li 01t 

·: he current ~ rt\y Ue ro.saed t~l 
i.n th?. ''ur., rordtior.; or t:.lrotv~~ 

l -ll Cur:.'.'Ont i.,Ji c,--cor. :, neon Dul':, 1:, lnceJ in '.lex 
11J.;i;:,,1o'..-,d) :,.ad iu,Ucctcs u:l 1.ttJ briili·'J,c:c L1oc· .r::nl.~udo 

he sul)ject (or UllirlVJ.,. ..Lt l.G 1.:rs0r1-1~ .!J-~ ,'.s•-:;.ux-1.•::· t~1c !)"'BJ 

il e du·rw load 'Of 
t!.le 3llbj oot trl1en S-5 

-~n 1.ri tI1 the sDbj0,~t ( 1 -r 
r CtU'l'AEt i"larl:o.~ tJ-:.rou,c;ll __ r<' 
tor thfl.t ;:ill cow•·~ctio~~-, 



;,, 
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,;.;- to t:10 subject n1'f> G':tiofecctory and th~t t. 1,0 <lesirnd current is cctucll:; flo·:1n;. 
-.;oc;ev~r, ;:,.~ t<:st dor•s not reveal tho ,rr:-ocn:,e of s:.ort-cil•c ito 1n t:1e out a1t 

Curc:-e:ct Control. •~he oolibrat1on m,Jto ore nillian: ers inskntcneous ~: 
currc:;.t,,. 

output CoJl!lection. •:;.~1e outy,ut is ol.1-';---_inoii frou the ootl0t 1"Lc.~r tl-.o lor;er :rr·ont 
.Jorni:ar or the r'-_:,t on,, or tllc inst=mt ·;otl1 1Pr.:1s are rr-,o-frcr. tr." cb,ssis 

;~d-t'J.oo f'roo tl,c o·ror lines. 

~:i,; ,/~l:- InU.-tcator I;i ~~ta ?:W L)r;;zer .. 
a.:.1.d ::re- ~.1..,rnnd ,in ,'J.COnrC:i~c to t~ .. e 

~- ·. 

--~ ., 2-.i;·_, -
;pr_;,..., __ 

.. hito 
Red 
l.llue 
lluzzer 

Operation, 

71JCse 2r0 located e.t tho r9"!r of tho in.,-,trun-nt 
f ollo•,,;__,- ~ c'.C-edule: 

:2,.GO 
3 .. 00 
5 00 
CL,OG 
J,.50 

C .. 35 : :D 

o.5fl 
Ou?O 
o.~? 
lc23 
lo45 

~,!,-"' ·4/;' Tho bo.ttery allould be c:1ecl:ed jrult prior to usinc tho sti:mlntor ard at 
'i/,;,,\fntorv3ls d=in:__; n lon,: _criou or teatinc., c;:urn S-4 and S-5 ofr. lnoort ;<J•.~r 

:;lu~ enu turn J-1 on.. i,Ib\"l ~ ninut,s for the _cathode of the tube to heat. Jet 
the control to zero aml. connect t llB sub;ie ct by :uo:bl.ng 3--6 down. '.110 desirn<l cur­
rcut 1·unr;e ia selE'Ctcd by ..i-2, '...'um S-4 O!l urul ndv"l!oe tli0 current oon"~rol frcn 
:-:.cro to t;_e roquirod level, .11cn tlF tect hCJs been oe11:•lrtod, ,-~turn tLe c01'trol 
c,, >.cr·o c•n<l rood 1:.:-,e rnxirnm current dellver-ed by :rans or the i'loctin:~ ,·ointer, 
Al_: rG::~J.i.1l'"S f-lI'G !:.nde sr,air~st the counter-clocl:wise edce of the IJOint0r,, 

'1. 1 rot,,ctive Devices. 

Ino: ectior1 or ~'i-;ure 2 rc-v·cals S8Vcrol C,evicen for --rotrctln- the inotru-
~ ' . _ _, 

1 ,G,-,t ,, --'' rovr:nt in - undue sticllllat io;i of' t ~'"' subj act,, 

A. Fuses in tJ-,-, :·-or,er _r,luc .,rcvont fire or cJ;.-tensivo d~.:-n._~o to the in­
~trtDCnt in c~cc-of circuit failure 

~;+/~/~' · L~ 'a-o.nsionts duo to :2luctl1E'.tions in t:_e ·.1or li?lea ore :,u,, ... ...1::•Ji ~Y 
> ... -1c.ei:-v; condonsers ocroas the .:.·,i~i~r.ry c.nc.1 soo,:-, .-:cb.r:, of' tb: trr.nsf0r:.rr.. r_,_

1ne:.3r ::1:_,ve 
cn:acities cue:, t:,ect, oven if t;ie :-o,rnr -'.inc to tLe tranafor:.cr is sudcle'1Jy connec­
ted or disconnectc:J., the ,,:i,tl:_ or the resultb.:; tnmoimit ln the out::ut 1 s ,:e01arelly 
uucll s:nllor tl"<c.Il t~-e out:;,ut ,,e:J::s o Our obsorvati ens lncliccto tlwt the lcr:3est 
trcmsients c.1'!c lli' the order of 1 nn .. , nb<J'"l ti.,c• out nt is 9,.6 ,-n, 

C, :..,1 od,Uticn to t;_o "fixed," ll! ".l.S :·r,to::rtio.1 used to r0c;ulC1te t'.te cur­
l·,~:· t,. o. self-bic_3j__1.1-:; vte:-rt,i2l is devc<i..r.,~•,._,,J -::c.1·oss 1..:-.u:::: cethocle re.nistcry ·.-;_ icl1 d_a­

• -Li.nc,s tr• rni.:ti,ruocw:Tent t:,ot-,iL.i'lc;_1t,_m1.1;_j1 t:10 to.11Je. 'i'l,i:i lir::it•ition 
(_ \ 1,,:rsi.st::: vcn ir:.. '311.c c~:;1e ,-J;: cc,,-~J.r'!tc buttor:;t fcllure oi· n rlv:2oci..i"le ~10-

t0rLtior.c t.cr,) 



-;,.., -· ~'_,,.,. -
'~''.":),._,,,•c/- -,- ",:'-!, _,,-

.; ,:,:, , ':_,r c··:.bl00 t_,o ".,orct-or to c cc': t:,n _ ote:_ti-~l oft,,,:, bc-tt~1:· c: --~'-- -
,,1Ulu , __ c,u t,J.,,: ,t.ttnr:_r tcG~ 3'Tltcllr- 8-..~., io closed, tl~n nocd.10 01' L!.,•_:otor 

w o.lU ;,~f 1J'<."~ '.:J [8.!' -:.:.n t.~c i:--L:-line drorm -:-.eras□ the :10tcr-oc2.lce ...;ucl.!. ~ de,_. 
f ncti•JD rr•.~1_.d.rus Cl•Jt:Jic1croUl~r uoro cnrre:rt t:_--.u is ~, rnc .. 11:; uacd lz; tlit; in-:.t-ru-c. 

nt C:.H1 c.cc<,rC:i ·l:; t-::r. tcs, f',LlSUI"8S t.,c o:-,c-,rotor tbt:Jt. tl.o bettor::· is full~· cJ(, 
ato. 

E. iusea c,.m 1Jitor_-0sed in t;__. 0 o :t:-ut line to ;,rovont excessive ouITent 
in case ui' clrcuit faill.ll'o •• :..C,:ie fuoos all corr:,· sli,_;htly less ti= ten , 

• inatouto,ieoua ,-0a1: :?'1d t 1c co:.,ir.c-tion ·.1ill 1nterru:;,t the circuit as t'.m our--r,,'. 
nt "'JJrouci,oa m :in, Joncrally Lot:1 ::'uses rrust te rn::-loced ~rter overloadinG'."'; 

._ ~~:1 -'I({~ 

Ju ::aintcmnce and ~:etmir□ r, ·· ~· .. 
~ 

'.,"! .. J.ovn t~·Le to· cover :m,J unsolder 
t or;:: brncl:et ond rc;ilnce tL<, bottc:::,i" 
o ,_,~scribed in Jcotion 4-d. If there 
L ttcry lonC:a o'.:lould Le intorclrnn :edo 

t~10 t·~o battery terr.rl.ne.ls: :~mJJvc tl·c bQ..­
:,esolder connections. '_'est tllc nou tnttery 

1 s o no.:;ot ivo defloction on tho rnter, t:m 

;i'Uaes in tl.c, out ,_,t circni t are lace trd near tl10 outlr,t rend -~-;, be I"'2CIHld 
b· re: CJVil2:'.'.: t~~~ 1J :itt.Jr-. ·over_, If" t~.c se r:· :r--:? o_)r.n 51 the circuit 32.~'lnlc.~ .:..ln:o be c!:.oc!:::od 
H ~:l:~conent ;u::;03 .. ri 'l lie f 1.J1ncl in t:ir. cuntoinor r'.ttecb.od to tl1c ~o ;er tr---._nsforner. 

C" Chnr :,c:pcirs-, 

In case of circ:D.t -f'.lilures, tlv, jnstnu:,,mt rn0• be ruklitted to _-,rroons pf 
,, oper electronic s'.;ill or roturned to tllc d.r·sicnor,, 

" 



APPENDIX E 

!n~L'llctions for Auiinistration of1 

1. Constant Stinttlus Shocker 
2. Hand twnamometer 
5, Chest Ergometer 
4, f'edge Pressure Test 
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CONSTANT STIMULUS SHOCKFR 

.• ·•,,•, .. . . "'",,,. . '"' ·- . '.\ ;:_, 
,, 

·;,:. 

Method of Operetion 

1. The battery should be cllecl:ed just :::,rior to usinc the stinulator. 

Press 53 and road neter. It should rec;ister, 

2. Turn s4 down and s5 up (off}, 85 up ., load 

3. Insert pluc into wall socket, 35 down• subject 

turn s1 up (on), and o.llow one ninutc ror r:am up, ( P1 shouL 11 ~11t uhan 

S1 is turned up.) 

4, Set dial co:1trol to zero,. 

5, Turn s4 up and ,·11th s5 up, P2 should 1310\7 as dilll co~l is tnrn"<l. on, 

Return dial control to zero, 

6.. 11wh 35 dorm. Joloot durrent :ren_;e frcn s 2 : up ,: r.dnor, down ,. DE1jor. 

7. .iith S4 u:i, tur:1 :35 down. 

The ap;::oratus is ncm roady for tostinc. Jee ucconron;;ri!lc; imtruction sheet 

for prooeduro. 

8,, Read the dial un tho c01mter-clo0Lr1ise odce of the rider .. 

0 
!) J, 

t@ 
~ 

... 
>'4 

- ·,,,,,~ 
-.<~"•· 

. :,_-~ 
.-,c_ 

f: 

-- ,"-

' ~,'.:r~l 
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00NSTANT STIMULUS SHOCKER !OF" 
-,f 
;;f' 

Instructions for Administration 

(Instrumentss shocker, 2 electrodes, 2 100-c,c, bewcers, SL.turated salt solution 

,·:J1 .. :.,:-; .ie t,isl.l 1.o U.eto.~li:r::o :.ou .,JA;i.1. 1ci:.1 :,-;--,"cl:::,.~ ;:;ttl."1.,: iz:., -Lc:i.""_1~ of elcct1'ic sLuc~: .. -rou ·: 
place tm., i'incers in the salt ooluticn ,crtcr n:,ich ,.,o ·,;ill :_::rr,clur:lly incrousc the n 

:~~-,,·~, __ Of oleotric s1iock. .,hon you first :•u ce j'.,ur i'ir.~ero in t!.e solutior., tl:ero rrill b 
•,::· no senaation of a:100:; or .oin sinoo the cur'.!'Emt ·,;i 1.1 b<l c11t 01'1'. ,~s tl,e current 1s 

/?~: --· inoroascd, ~rou ,,-1 Ll be aal~ed to on&1Gr c aeries or £our ::.1uoation~ rc,:crdi:11 : your sa. 
,\!· sutiona" ·.~J.is test ;-rill crodunll:; bcrocso in :·cir:i:'u]ljl&S3 until :'0:1 cnnnot bear it 

unless you '.i.:.:ve o los or "cuts." .,1u:t .n ·::"ll,t to ::iec ill ulmti:or or :.er~ :·ou ccn "tc1 
it," ~:~-umber tbnt, olthouch tl10 toni; '1111 hooo:.e ve1'.I' ·tcintu1, 1t uill t.ot hurt 
:rou 1;en::nncntl~r;) ;:011 r.oy I aee ~:-our i~ i._·I1t hand(, 

I 

', 

(ET..a:-nncr,• carcf'ully axai:dnea t lie index cud niddlo fL"1,_;ers far cute or huil(:;nuils. 
z:r nano is op:;;a.ren:t, ir=sa t;1R fl::c;ern in the salt solution. If cuts or 
hangna!.la ore o,::,ureut, select t'1o fin.-ero rroe :!."ro.n tlicoe 1nperfect1ons.. , .nv 
the oesiatllllt bll ridfoJ.d tl,e sub jcct,) 

I ,mnt YvU to tall ne four th:l.n.:;s-f'irst, Ylban you 1'aol any sensa.tion at nil; oec0. 
.:.lJE,n the sensation !Jeco::nn . ail,~11-b:r pu.bful, r man ·:1hatever you c ansider J;o.lru~ 
third, :~ mint you to toll n.<1 ·.1'10r0 t :·.n sm,sation becancs ver-J :.oi~ . .ful bi1t ,'1here 'Jo· 
thin:, :1ou could stand so,:~ naro ii' you I.J.ad to; and fru:rth, you w0 to 1"0_nort where 
you ce:i no lonc;er take it. ·.;nen I Y,ill i.'TJ'.'!dintoly cut off tho current. Do not . --~ ~-~ ~ .2£_ ~ solution until l tell :!,'OU t,2; 512 ~, Iio.·; I = =oinc to 
!lto.r', tne test , 

(fucanimr turr,s thi; :rhrioatut eo:-,trol at the rate or one cn~:letco revolution 
ff'rnry 60 seconds. :.o should have :;moticoil t:1is uith e nto•J ·.mtc11 tL"!til J:r; 
z.n error or not :,or.:: t':en 4 aooonds.) 

{::o nore co_-1"}):nts s:.ould be rrdo until ~~~0 ntt.i•lent ~:--.orts sc~::;:;.ntion~ If :1.e 
rr-~·orts senn~tion ::elou 5 ;;:in tt.~ r;".!nl•::• st~Jr th.~ test.. It n'!uns tl~r--re in a 
r.linute cut. on onn of th,, i'i;cer::; • .Jr,},,ct e~ot'..r,r rico:,r o;:' tl,o oc:1r> h:Jnd and 
rcstnrt tt.~ toot. ."lieu sen~etion is r·c.orted t~t c scnle v2l11u of 5 or :nrc:. 
rocord t:,is vnlue.) 

_'Jilly: :·m J. a. oia u:1 2,1tl you ro ort ul:c;z'c it le c.inf"al .. 

Say:; iiou \19 nrc ~:o1a · tJn until you re ort t~.1.c Ur-<noati.ou is ve~, _,n.irr~nl \,ut yo11 t~·-1!'.C.: :,01 
con s tc.nd. a o. .n ! iJ 1--e. 

r:o.:.r wa. er!;): ,_;oiri..::; on until you co.1.rtot s t.onrl it e,,ay lonc·er .. 
it .. 

(;~o CD .... ~rn:ta-/ . .",S SOO!l f't a: sn:) ~~t; C,.._ .3 0:,~o 9';;cp} C . .,.~t th CJ Cta.rre11t by I'T!Sr3i:i.1,"": {:}1e 
:r:::.oo.stCJ.t. Hi"t.cr- 10 1:trvtn · ·i:~;1_,- :,J .".""'" r1or·.:.~, ·~t~ot ~h.~ ;:lt,J·1·'-r• ·211.ud~) 
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Instructions for Adn..inistrotion 

Se.y: T~ ;ur,ose of this tost is to r irul out ::a·, r:iuoh pressuro ,'Ou can 
stond on tho :;inln of your hand. .:e are coinr, to find this out by s0rm1-
ing t:,1s wed,-:e, into the pelm of your lDnil. !,0',1 uill yau p' ease put your 
hand paJn u.:, hero in tho npporotus. 

(O:ir,rntor C',djusts t·1e uedge and the subject's hnnd eo that the .-redce 
falls nl:out t:.,., ccmter of tLo :,''ll.:-i. ':'he axis of tl•c ,rnrl ~e. is ::urollel 
to ttr. fi !('.er bones.) 

3o;,·: ~·irst, l ,Ji~l c;djmit t!oe .;ed,~o so t:,,-t it caxcrts tb, I"J::'l'lr initial pros­
sure on your hrm<l. ·.::llis l'lill not hurt. 

( o:xira~or turns t:m ·_;e,dr,e sore·,, until t,10 ratchet spr1nc cives, and re­
cords tllc rorn1in:-; et ta s -~>r:i.,.nt Cl) 

Sey: ::ow I ?/!lilt you to tell ne two t:,inc;s es •;l1e ned1;c presses o:·, j'Ollr hand .. I 
wnnt you to tell :e ,·,hon ·tI.e .·ed:;s t,,r;ins to be painful, ',_'bnt is, tell !'.le 

·.:hon it bciins to hurt, but .,au feel tt:,t you orm sti 11 stand rnrc ~ rcssure. 
r;ext, I vianc ~-cu ·~o tell ro ullon you ru:,vC' lmd rll tll,:, :·.reesurc toot yc.,u 00n 
11tand. .,,en it is os ,,ainful os you con stand, say stop, cmd t,:c 3,:iasure 
will bo rolscsed ir,redilltcly. 

(Opornto:.:- becins to turn vred;_;e scrcm sl01Jly.) 

Soy: ~•irst, tell ue when you feel tllot it is µ:intul, 

(ii£ter 1;oin ia re;:orted, the r0odinc is r00orded.) 

say: ;:a.1 tell oo when you ,mnt to stop. 

t Operator records t crninal rcodinc:.) 

• 
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supplement I 

Preliminary Report on Construction 
o£ a Test Battery for Persistence 

by 

Robert J. i,nerry 

with the assist&nce of 

R. C. Rogers 
E. R. Danzig 

C. ,iherry 

A progress report on research conducte<I at 
th& University of North Carolin.., Cb.i.,pel Hill, 
llorth Carolina, by means of a gr.:.nt-in-aid 
from the National fuasearch Council Committee 
on Selection and Training of Aircr~i't Pilots 
from funds provided oy tl1e Civil Aerom·utics 
Administri. tion. 

,,'. 

c'-?" ·. ~. 

., 
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Coi;st;,,'Uc oion of u Test Jc.ct ,,ry for Persistence 

:r. Jackgronnd. 

1 
A stud.,v :JY T. H. Howells wt..s t'"":ceu c- s the bt..cis for the present- o Cuu~1 r 

~-h:dle he h&d no co1-relation~ 1Iriti1 sl.!ccci~_,:·:· i,_! fl~-iug 1 he <.~id _;_.-resent i.11te1·­
correlatior..:s for ll tE!s i:.s. In 0J."'._le1· t,e, .-: .... l0ct 'Lil.a t~. t::, to oe ,_1sed i!"£ -'i.ihe 
i::··esent expurir::eut 1 f'a.!.~tor 0-1,.:-tlysi..s t,,:' _,.,•:,:ell~: 1 t0.ol~ vf j.nt'.::1·co~c~·elu ':.ions 
w&s v&rformed. ·::it!, thE: re";:.lt.s ir.d5.er:tec1 in Table I., 

Har.J Dyna,mome t 0r ( 1/" .;ull j 
l~eedle sticking palm 
Burning of palm 
Electric Shock (R H&nd) 
Electric Shock (L Hand) 
Peg Pressure, R palm 
Peg " , R wrist 
Bar " , R thumb 
Peg • , L palm 
Peg " L ,irist 
31:.r 11 , L thumb 

; : J. :,!'.. : t<-.rn!ing 
1.d ... ·...;c,_-:;t'0r ... c. 

.GO ,, .,.,._...., 

.41 

.56 

.5~ 

.B~ 

.79 
,81 
• 79 
.so 
.. Bi-:. 

II., The Tsf.:t Ba.ttery. 

:it•Sl'$-t'-cnd.-- ;1;.;iJ.rr, Sen-
--; , ... , .. ~l:ock sitivity -·•,_, 

.j;..l ,18 

.1:-... • ::52 

"'7 .Oli 
.56 .oo 
.64 .07 
.OG .20 
.12 -.05 
.liJ -.11 
.Ole .57 
.18 -,07 
.u4 -.11 

Since the shock tests ;wre a pro;;csed pa.rt of the Gillil1md in,tte:r;r 
it was tlecici.ed to b1,se the tests ov. tlie l'irat factor found above, using the 
s'ix Howells pre:;sure tects as a nucleus. His ap,aar,,tus and method were 
duplic«ted as nearly aE possiole "-S ue&cribed in hie i:rticle. Since the 
hand dyri,,.mometer did not rermi t holding o.t cmy giveh stuge, a s,,ring-scale 
finger dynamometer wo.s substituted in r,lLce of ,us firot te~t. A test used 
by Ryan (holding a weic)1t cxtenced at Lrm' s length to one siae &s 0,ong as 
possible) vms also aciued. A l&boratory .hrgogi·Lph Vlc.S &.lso incluued in the 
ba·ttery, scorea in terms of ooth tine bD'-1 abtance ;,ulled until fatigued. 

In order to be sure tlllit •. er~h.tence r'-'tlu:,r thon mere stre11tth wr,,s 
being mec.sured, weight, height, &Ila oond-dynamometer squeeze were &du,d ·to 
the battery. , 

1 Howells, T. H. An e):periment&l study of ,,er&istence. J. ""norm, (sec.) 
Psychol,, 1965, ~O, 14-lc9. 

:: 
Editor• s Note. Ke:iorts of resH.rch conducted by A. R. Gilliland at 

Northwestern University, lwa.nston, Illir,uis, are to be published a.t a later 
dE.te. 
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TABLE II - UITERCORRtLATIONS OF ALL ME.ASUIWi 

N = 31 

.,. 
·.-'•·~,, ... , '""' ,:~'3·~i· 

. ··tv•· 
·,,,.:, 

,. 
,.' 

Height I Hand I Ergograph I Finger ,/ Ell:,. Howells Wedge Pressure Test Purdue Rating -. omet&r tended Scale 
~· 

IJl'eight Pal:al Wrist Wrist Palm Thumb Thumb Judg- Cal111-
Grip Dist. Time Pull Time'il' Right Right Left Left Left RillP,t Skill ment nesa 

(2) . I (3) (4) (5) (6) (7) (8) (9) (10) (ll) (12) (13) (14) (15) (16) {17) / 

(l)u .593 .533 ,123 -,040 .;31 ,339 ,343 ,516 .:;26 .112 ,313 ,335 ,318 .292 ,059 -,054 

(2} - .41.6 · .179 .064 ,348 ,15.3 -.024 .403 .120 .010 ,255 ,145 ,233 ,143 ,096 .121 

(.3) --- ,099 -,148 ,689 -.082 ,11.5 ,305 ,136 -.168 .1-44 ,171 .125 .275 -,084 .ooo 
(4) -- ,790 ,170 -,009 ,197 ,089 -.026 -,176 ,136 .26:; ,154 -,167 .111 -.200 

(5) --- -,105 ,026 .010 ,003 -.025 -,137 ,125 .o/J> ,054 -.219 ,081 -.060 

(o) -- ,05.3 ,361 ,.352 ,083 -,079 .22:; .342 ,255 ,391 ,115 -.087 

(7) ---- ,J,49 ,61:!5 ,532 .685 ,709 ,550 .637 -,018 ,203 ,176 s 
I 

($} ---- ,318 ,.340 ,434 ,449 ,583 .l,1,/, ,098 ,194 -.168 

(9) --- ,748 ,624 ,859 .757 ,829 .077 .429 ,247 

(10) ---- ,635 .681 ,717 .733 -.010 .322 ,265 

(11) ---- ,767 ,611 ,718 -,0,44 .270 .285 
{12) -- .767 ,854 -.063 -~8 .318 

(13) 
. 

.863 -.088 - ,355 .221 .. 
(11,) -- -,036 ,470 ,311 r 
(15) - -,033 -.326 ' 

(16) -- -,1.33 
(17) *Finger-dynamometer time wLs the length of th!,., the subject -·- ~-inaint&.ined 50% of bis =x~um pull. 

<>*Ve.ris.bl.e (l} was weight. -• ,· ,-
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III, Subjects .fil.lE_ Criteria, 

This battery was auministereu to jl C,P.T. element..ry ~tudents, spring 
quarter, at. Chapel Hill. The testb were given at or near the be.;inning of , 
their training period. 

At approximately the time of their last lesson a Kelly rating sheet3 

was filled in ~y each subject's instructor. This rating scale wab scored 
for Skill, Judgment, and Tension4 • These three scores •. ere used as criteric. 
for evaluating the usefulness of our persistence tests. 

IV. Results. 

The scores were co<!ed for Hollerith equipment, and intercorrelations 
were run bet.:een the various tests and the three criteria. Thee:e inter­
correlations are reported in Table II. 

A fi.ctor analysis of tne tests ar,d criteria yielded 4 factors. Only 
one of the factors was not related significantly to at least one of the three 
criteria, The rot,.ted f<>ctor loctdings are given :J.n Table III, on the follow­
ing page. 

A Scale for Rating Pilot Competency, This scale, frequently referreo to 
as the Purdue Rating sc,.le or the Kelly Rati~ Scale, was prepc.red by E. L. 
Kelly and is printed by the Purdue Research oundation. See: 

Kelly, E. L. Deitelopment of a Scale for Rating Pilot Competence. (Purdue 
Research Foundation, ?reject No. l:.: Progress Report, September 1, 1940.) 
,:ashington, D. C. : National Research Council Com:_,a ttee on Selection and 
Training of hJ.rcraft Pilots, 1940. 

4 
The scoring was done according to a factor analysis similar to that di;a­

c.rtbed in: 

,iberry, R, J, An,illysis of Daily C,A.A. Log dooks, (University of Hort" 
Carolina Project No. "l,) 11.:.shington, D. C.: Uatiom,l Research Council 
Co:_,mittee on Selection and '.training ,Rf .Aircraft Pilots. (loJWiuscript on file 
in Cornrni ttee office.,.) 

• 
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Table III. Rot&ted Factor Loadings. 

Endurance Strength Willingness Ergograph 
of Pain to Exert Self (?} 

Weight .21 .70 .36 .02 
Height .14 .72 .03 .22 
H&nd Dyn. (Squeeze) -.08 .67 ,4.3 -.10 

. Fing. Dyn. (Pull) -.02 .50 .68 -.OJ 
Fing. Dyn.@ 1/2 (Time) .'76 .14 -.02 .08 
Ergograph (Time) -.06 -.01 .30 .90 
Ergograph (Distnnce} -.02 -.06 -.04 .85 
Fxtended Weight .37 .oo .49 ~07 .. 
Howells Palm R .82 .43 • 22 .04 

" Wrist L .'76 .09 .22 -.05 
" V(rist R .82 -.23 .14 -.04 
" P&lm L .90 .16 .. 20 .18 
fl Thumb R .. 77 -.01 .1.9 .12 
n Thumb L .87 .06 .36 .09 

Kelly RS-Skill -.17 .33 .Jl -.28 
n -Judgment .34 -.15 • .31 .12 
n -Calmness .37 .09 --35 -.06 

v. Conclusi,ms. 

l. Strength (heii;!lt, weight, h&nd-dyncitometer squeeze Lnd fint;er-dynamo­
meter pull) ls positively correlated ,-ith 2sti1u&tes of flying skill. E:aasuras 
of this f~ctor are ~6lc-.. tr;d tv J.Jerfo:n.:.c,nc£ on ·endurf.Jlce tests.. This fr.ctor is 
not r1,lateci to estimates of Judgnent or Fr,cedom from Tension. 

2. The Howells tests are Lll highly inter<;orrele ted 1·11 th one Lnother end 
·1.i tlJ time the fini;er dynl;J[Jomcter ·112;,s helc_ ct. 1/2. rn&x;imu.'ll pull1 &Dd-yieldeci a 
t't_cto:c ~\t1ich wc..s nwn.ed End.urE..nCE! of P&ig.. l1his f&ctor w&s unrel.f. t.8d to Skill 
ssLm1.te-, but ..i.id ccrrel&te pcsitiwily, w:.:t,h both estimiltes of Jud;;ment rnd 
estii!ic.tes ~r C&lmness, 

3, A third f&ctor - tent,atJ.vely n&med i'.'illin6ness to Ex.,rt Oneself .. J-JE.d 
high lot.dings on finger w1d ,-,rnd dynsmom0t01·, the extended weii;ht test, &nd the 
tv10 thumb te:ots. This f&cto:;:- h&d & positi.7e loading on SI:111 wid Judgment esti­
mates and c ne~ative loading on Calrr~ess estimates. 

lJ.., A focrth factor wos specific t~ tho two ergo5T.nphic 1i,ca.sure.J End uas 
unrelated t-o any of the esti10F.tes of l'lying success. 

VI .. Next. St~_gs .. -
• 

This stuay is to be repe>iteci on mathcc,~ s&mple. CGrtain tests are to be 
dropped end others &dded for try<iut. This study wUl be 1-eady to re;iort <.fter 
the students complete the t.r&ining cou;,s2 : ,n\ rr, tini:; sn•ets are uV&ilabl.e .for 
criteria. 

• 
.Lt is hoped tJ1ot thE: resul. t,3 f'I,m!; t'nl:: ~tucty :11ey ce co\"'1binect s.v:i th findings 

by C.Ltlilc;.nd lt..'l)d DunlE,1 to ~~•~rnisb ~ ;--=-~~l ::~.~y,t i.01,11,"n·d future reB.:;~cr.!h on tl~e 
problem of Endurence. 

• • 




