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Welshington, D. C.
|
|
anr Dr. Brimhall:

The attached report, entitled Tests of the "Ability to Teke It"
embodies results of investigations conducted &t the University of Hochester by
Je £ W. Dunlep and nis starf, under a grant from the Committee on Selection and
Trneining of Aireraft Pilots. The repsrt is submitted with the approval of the
Coamnittee, with the recommendation thet it he included in the series of techni-
cazl reports lssued by the Division ¢f Hesserch, Clvil Aeronsutics Administration.

While the renort includes only results obtained &t the Univer-
sity of Rochester, there &are referencss te materisls and findings of perallel
rgsearch conducted elsewhere. In perticuler, note is mede of & stetisticsl anal-
vdis of "ebility to take it"™ tests by Robert J. Fherry, University of Worth Cero-
lins. The results of this enslysis ere presented es Supplement I Lo the atbteched
regport. The findings of investizetions on similer tests, conducted by A. R.
Gilliland, Northwestern Uaniversity, will eppeer as a seperste report.

|

| The chiefl outcoms of the investigetion by Dr. Tunlap is the
cdnclusion thet two of the tests are sufficiently reliab e for use in investigs-
ting the possibility of oredicting the cipreity of pilots wnd of ather military
parsonnel to resist opein eno futigue. It is elso importent to note that the
investization hes incluced wn evelustion of severwzl measures which heve been
discerded for verious rezsons &s being uneguitable for future resewrch. There
5§11l remeins the problen of designing and conducting an experiment, involving
edequate criteriu of performence under stress, which may furnish evidence on
the validity of these tests four predicting the Msbility to teke it" of pilots
o of' other miiitery personnel.

Very truly yours,

42” uhr4¢¢2235’-
|

Morris S. Viteles, Chairman
Comnittee on Selection end
Treining of Alrereaft Pllots
M3V:rm Eetionsl hesesrch Ccuneil
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SUME ARY

There is & populur belief thet a successful flyér must
be eble to fteke it! -~ to endure conditlons so painful snd
so fetiguing thet the averasge person wouid give up. The pre-
sent study was undertsken to learn whether measures of such
an ability could be found which were reliable encugh to jus-
tify valideting them in the field.

Nine tests went through & preliminery trial on ebout
thirty individuals. This tx al served to show the hest methods
of eduinistration, to locate feults in th: epparatus, snd to
eliminete dangerous or imprectical tests. Five of ihe nine
tests were discarded on the besis of the results of these pre-
liminary investigetions.

The four tests retained for the main study were administered
to 129 men in 1941. Two of the tests required the subject to
withstand pain; the other two to withstend fatigue:

(1) Electriec shock. Vibratory shock wes cdministered to
each hand at a constently incressing rate. The subject reported
vhen he first felt any sensetion; vhen ne first felt pain; when
the shock wes Vvery peiniul'; und vwhen he could stend no more.

{(2) Tedge penetration epperatus. A bress wedge was set
with its exis perellel io the tones of the subjeet's pelm wnd
greduelly screwed down. Heedings &t turee points during the
increesing pressure {thickness of the hwnu, point of first pain
sensttions, sna the terminal point &i which the subject demanded
to be relewsea) furnished & single index score.

(3) Hwnd dynomometer. The subject!s meximum grip (best
pull in three trizls) wes determinec for each hand. Then he was
reyuired to maintein a grip sbove s point eguel to 60% of his max-—
imum. The time ne wes azble to meintein this grip was recorded.

(4) Chest Ergometer. Tae subject gresped two handles at-
tached to either end of & strong spring, 'and, holding them at arms
length, pulled them apurt. After his maximum pull (test in three
trisls) hed been determined, the insirument wes set at 50% of this
meximim. fe was then required te meintzin his pull &s long &8 pos—
sible &bove thiz 504 ooint.
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The 1341 dete yieldec intercurrelutions amohy 2z rew scores
snd indices, eng reliasbilities «s mezsured by correlations be-
tween the right and left hencs. There uwere subsientiel correla-
tions among the 'strengih! ncesures, but litils among tie measures
of resistence to pain or fatigne. Reliabilities were highest for
the =hocker and dynamoneter.

Meaguremenus on itue shecksr ond the hend dynamopmeter wers
repeated or 75-85 of the subjeety efter en interval of approxi-
me.tely ten months. 'These tests furnished 18 raw scorss znd in-
uices whose test-retest reliabiliisles were studied.

Ten of the most relizbls weasures {1941 data) mere selected
for factor enalysis. PFour fuotors wsre found and interpreted as:
(1) aporrehension, {2} sndursuce of nain, {3) momentary strength,
end (4) willingaess to exert cneself. These results show & lerge
measure of &greement with an wnelysis of similar tests by Fherry.

On the besis of ikie study two messures arve recomisended for
validetion in the [leld: the grestest.smount of shock a person
can toke (the estimated rellabilify of the sum of two measures
from cach hand is aoout 91}; zag the cmount of time a person
cen neintein his geip b 600 of kis meximum gripping strength
{the estimetea test-rctest relizlility of the sum of twn measures
with his greferrsé hawnd is shout .60},

The wedge test end the chest ergometer zre not recomcendsd,
at leest for tue prezent, iu wisv of wecnanic:sl difficulties cnd
0053ible danrer Lo the subject.
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Trere is = pupuler beliel thit « .ucecessiul flier shonld be -blie to
"heke 1tV - to enow cegrees of e in; cola, cnoris, ete., beyonm Tooe
| wcity of the overe_ e nan. Tais belief his fuund some sunport in the reoois
of Gerunen militiry psychclo,ists cna in the ooetices employed Y tnew in
the selection of combet silots.
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number of investizations involving so-celied tests of 'akility * Ctrie ih1R
The ewpericent described in 121z vepory 1g ons of & weries ol suoh rajec.s

o H e i n
a betiery of reideble vessores of SN ruili te
rotisbracted vith the raticl : % G

= tio

= oy ¢
vrlicetion moesr osracblicsl Plyving conmesiizng with She wviev ol v oilviny o
r@fntlﬂf the ponuley beliel concerrning ine reitoticushln helwsca nbinity o
vele 1LY sma pgrVorvenee o0 £ pilod.  the dather sfieu liie 0w 2o o
b - 3 - ] L -3 T e P - ~ ' 1end - 3 " < = v b
bel in this L‘Cp.ut IS U0, STLLONNs DLOLT Ny, v e e T B oo LI La
Tenvelively aesigncizu o ' ILTN ba bt LtV Lests,
e . ,
IS - ‘ ‘v !
The study to wve veporte? asce var ~arided intle vocs exte. recoal
1 « O T B - [ LR . - = . . : TR ' a .
phases: (A} the prelininary oherT, B he 1AL studlen, ond T00 Lne agAn
) L
repean Lecie
.";L Pt
W ]
il ST . [ Y] . . .
Tae cniel mim of bW e & ooy o ho Lot ot s el
HE N Rk R b Lol <5 et 2 = e PR R E - - b
ingrrunents wnd Lo A B I S 1S B A R UL R SRR TP
dne Felbl,us. ooDLTOlnions cere seo TerhLocoe wmy o
plone or pnnrrails Lnoos a0 oo Saodhe Sine o belt oo
(e} Co i N T
(v} 2 SR T AN I
i(_) I‘""" ’\- .’l L
TR s i = s e s e
Mescw, ¥o Toe toelcedl s anris o en Lant Lo 5 0 000 L0 w0z,
. ; M Rl - P -
inculir. 25 srulech., 1970 N




™

Preliminery tryout of tue nine tests? listed belov was concucted on
ithe staeff end a miscellaneous _roup of tuirty indivicuels. This try-
out vz utilizea to ceternine the Leost sethods of auministzetion, to
loceate frults in tue cplaretus, to esteblish limits beyono rhlich a
subject vi s not to be permit ted to go, anc to elimim: te cungerous,
imprecticel, our superfluous tests. A physician wes >resent through~
out thcse tests.

} The rediant st test. .

) Immersion of tac hend in ice weter.

) 'Bry' snd 'wet’ electric shock.

) Tedge pernelrotion test,

) The Smedley hend dynsmometer.

) Meintaining i erm perpendicul or te the tody.
2} Meinteining the Tev dernzpdicular Lo %ae baav,
h) A aedified TMozoo 7

i) A chest er-ere

T (. S PR+ T = L

A

Piucer ergomater.

S Sy T T T, S T T

Tests ¢ {wet shock), 4 (wedge testj, e (hend dynzmometer), end i (cheat
ergoneter) were retalneu te cpeer in the finel batiery. All othners were
eliminated {for rewsons given in 4Appenuix A. Dtuncardized procedures and
technigques of administrz=tion for the reteined tests -~re set up and the
first experimentel studies (1741} bagan.

B. The 1941 otadies.

Two pein-producing cevices, tae saocker «nd e wedge .enetrition
wpruratus, and two fatijue-procucing vevices, nend dynamometer end
chest ergoweter, vere employec in theue studies.

Tae mein investigation wes certormeu on 179 subjects; most or witle
vere mele students et the Universi=y of Rochester, tie nthers beiug
men enroilec in the Jloezl C.F.T. sntroductory ccurse. However, com-
alete data on &ll of the nedsnres vere obteinca for cnily 129 cases,
of .uws 112 vere University of Lochester stuaents :nd 10 1 ere C.P.T.
snen. ALl the aste wors securod in ooril rnd Moy of 1843,

Trenty~-two scores or indices vere obteinea Tor cech of 129 students,
Al1 of these scores i ere intercorrelsled, viewding <31 intercorrels-
tions w5 indicated in Teble & . Tac mehn end stendera devietion of
each score or imdex, .erz likev ise computed. Meximue cend minimum
senres for sech test, indiceiing Lhe renges covered, are. iven in .
Toble 11.

Furtner studies were mede usilg corresetions betveen the meusures
texen on ths: right and left nends we indices of relisbility of the
insiruments ¢nd technigues employed.

30omplete ceseriptions of . sts o, (e, (e}, «ne (i) wopesr in the text.
L rust wre geocribed 1o dpsencix & flovn., vibhoreusons Tor their eliminatiom
cooow e exerinenied e Lo
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A physician was present Uhroughout the testing., In the eerly pari
of the study & short ».:dieal history wes secured from ezch subicct.
Blood gressure, pulse, and other vhysiologlcal measuces were ro-
corded.4 No enalyses were rede of these latter meesures,

¢ The 1942 Studies.

Puz to limiteticns of tine In Lho 5Lring af 1241, il vas impractiezl
to athompt to sechire re.osh mocsures on the subjszctz. After the maln
body of the data had beon ancliyzed, it seemsd ﬂawia"F’e to secure
such deta on the amamenszier ane on the constomt stixulus shecker.

s begun in FPebruary, L1942, aboul
ten months efter the completica of the srevicus study. A% thot time
39 0. the University btuuﬁﬂ*“ v complete teat records wnd & nuoioo
of ztudents with incomglete reaords were still in scheool. The tsn
C.P.T. students hed coupleted thelr course wnd were nob zvailsble,
At the conclusion of lhe 1247 testing, scores for 124 end 1942 ws=
evailable for the folloving unuubers of cubjscta:

Fetesting of the 1941 subject

CJ '['1

35 stucents on the cosstint stimvlus shocker
79 on Lhe maximwm dynsmometer grip.

77 oen hac dyn:momﬂtcr tine for itae rignt hend.
75 wn the dynenmoreder time for the left hend.

Ty T Ty,

b
e
d
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Tourteen eveileble ceseg wer: left wntested. OSome re
blenk to bes reiested, bui most of ! !
tue tests ot the szpointed tine.

Tnese test-retest dete vl lﬁar reiiebility coefTicients wnd coef-
ficients of reimtive warietlli

APPLRATUS L8D ALVITTSTRATION OF THE TEGTS.?

The tests used in thz final © ry ere nodifications of bechnigues of
studying pein and fatijue ulihduj ll Gnevn in psyeaslogical S erinentation.
Beceuse of some of these wodificstiens the tests acnually used in the study

arg described in soms weivzil heloyv:

..1 9.
( \
4]
"5

4pr. J. D. fovlend ves the £ 1ing ohysicien. Tr. Dunl:p and Hr. K.
O'Reil vere responsible for administering the electric gnoek; Hr. F. Gehlmenn
fer the wedge penetration test; Dr. E. 4. Lipmen for the hend dyncrometer
teste; cnd dr. L. S. Kogen for ithe chest efgoaetor. Tr. J. D. Coskley who
desizned end built the consi=nt stirulus shocker, helped in the muintenznee
of the spraratus.
Stetistiecel work oa the cals o
supervisicn of Ipr, Dunlup, = 5

5 uone under the direction znd

te lued ¥
. i L PR T A ra-
¥ » Herper and wir. L, 3. Kogan,

&
2h wenuel for awainistrztion of the vesta; specilicitlong for censiruction
C stent stimuluve shioker, ewad ¢ omupolioes of bthe nicroneter wedgs best
vith the Hovwellgwed o svassire f-:b ooy be found im the &posendicas,
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(1) Electric Shoek. Tue constent stimulus shocker 1s conteined in ¢ 10 x
* % 7 1/2 inch metel box. It furniahes & curvenl verying from 0.0 to 3.5
williemps when connected : ith & 120-wolt source. This curient 1s trensformed
in & 500=volt trensformer enc is pussed through & rectifying tube with the
appropricte resistences in the verisus clircuits. One electrode is immersed
in one bezker of stturcted selt sclutien &nd enotner eleclrode in ¢ second
becxer. Tae subject compieteg vae circuit by inserting two fingers of the
seme hend in the two beckers.® (see Fig. 1.)

, The instrument is scelec in terms of pesk current rether than
average current so tnet the scele vuelues which renge from 0 to 96 should be
civicea by N2 to secure tae unit (niliicmps) commonly used in measuring cur-
rent, A scele on the front penel of Llhe instrument indicates the amount of
current used. A false rider is cerrieu by the sdjusting knob of the rheostst
tnc indicetes tue raximum point reachec by the subject. The examiner prac-
ticec turning tne knob &t the rete of one full turn esch sixty seconds.

In the course of the testing the czndidate revorts four steges of
experience as the exenminer turns the lsl at & slow, constent speed:

(a) 7Then he Tirat fecls =nything &1 21l.

{b) Then he Tirst feels neain (B).

(¢} UVhen the shock is 'very seainful,' but he cen stend more (VP}).
{d} The termirsl poinw, ~hem he cells for the current to be cut

off (T).
Oirece the goint o1 7ilo> ;hL sutiects reported thaet bthey first
felt enything wes relatively stuils ! n the secele this score wes not
3 & & ’

used in the final enelysis. Thrse row seoves vere obleined from vhich four
incices wers computed for escn end:

(z) Terminel noint nimus 'zainful point! -- T-P.

(b) The ratio of ile difrerence between the-terminel point wnd
the tpeinful point' Lo the terminai point, (T-P)/(T).

{c) The retic of the uiTference helveen terulnml point ena the
'very seiniul poini! e the uiflerence between the terminal
foint wnu ble 'puinful point,t (T-VP)/{T-P).

(1) Tae ratio ¢f ine difference between tae terminal point and
the 'very p dAunful coint' to the 'very pcinful point,

(T-ve)/(v2;.

Susn Liy tae Pirat end secony Zingers vere uzea for the ilest. Occesion-
¢lly en ¢r‘i vidual wes found rho e & cud, cbhresion, or  heng-neil on one
or more of tagse fingers. oueh o locaviinsl vould renort sensetions ¢t &
wuch over point thon he 2onli swueily. The nends of «ll those to be tested
wave therefors acwrefiuly exeoiiteu end. iF defecis were “ound on bhe index fine-
3 W

Lerg, ovher Tirgers kel uslictel Liror oile £ir obe orotected by collodion,



Front Rear
FIGURE 1.

Constant Stimulus Shocker

FIGURE Z-

Wedge Penetration Apparatus



Front Rear
FIGURE 3.,

Hand Dynamometer

Front Rear

FIGURE 4.

Chest Ergometer
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menl ana whe aboes teooic Loy ocns sewsse The subjeci was blind-folded by mezns
of goggles throvughou®d the 1esb oo ees Y0ld nol to remove his fingers from ths
salt solutisz &6 any Whme.  The nlindfeid served to congentrate the asubjecoiiz
ebtention, wno reny Indisvidurls reported dislike of weering the gogeles since
thev could not see. and buus were so-wchensive.  The sntivse t=et Por both hoade

tekes sbout 5 to 7 ninubesn.

(2) The Vedge-Penetretion Apperatus. This wpparatus, modified from
Howells, ! consista of & three-incn “click" micrometer celibrated in thousundths
of en Inch and attached to & wooden block. & bress wedge vith £ blunt but high-
1y nuot- shed penetrating surface is slipped on the end of the nmicromeier screw.

(Se@ Figa 20)

The subject plecss his hend, pelm up, on the block. The wedge is
then set on the pelm with 198 long txis parsilel 1o e bonws ol Lhe Ueiud.
By neens of the micrometer screw it ig taen forced dosn between the second snd
third metacerpals by the experimenter. The operator turns the screw until a
ratehet spring 'gives.' Records are fcken at this point as &« measure of the
thieckness of tne subject’s hand ~- {I}. The experiuenter continues to turn
the microreter screw et 2 slow, constant speed. The subject reports: first,
when he feels 2ain - {P); second, the termipal peoint, rhen he ﬁemanﬁa to %e
released - (T).

Thuree raw scores cre rscorded for ewch hand: (&) thickness of the
nend, (b) pain point, {c) terminzl point. These date fornish an index for
gach hand. Thils index is the ratio of tne difference between the psin point
end the terminel noint ta the totel penetration of tne nend rrom bne initiel
to the terwinel point we- (T-P)/{T-1).

One Tarsen wdmindster: the Test. Tt teies sbout 5 minutzss to test
each hand i & rest period of &t ieaat 10 ninutes is allowed between trisls.

Fatigue-Producing Deviceg7e

(1) The Hend Dymamgueter. A Suedl iy hend aynemometer, modified to yield
& mesaure of forge end tise in terwus of susteined grip cbove & point proportion-
&l to the muaximum grip, wes cumployed in this study.

Two batteries sre attachea to the bevk of a stendard Smedley hend
dynemoreter. These bhutteries supply the current for wn adjustabie buzzer, &
red light, <nd an amber light etteched o the dilal fece of the instrument, A
spell sttuchpent on the fece of the diel mekes 1t possible to very the posi-
tions et which tue buzzer, the red 1i:ht, end the smber light ere mctiveted.
The reletions of the buzzer and the two lights never very among themselves,
but the three, =5 & unit, cen be shifted %o wny position on the disl. 4 conm-
plete circuil ls formed thwough & felse river which moves forwerd with the
incicator send. Thus, if the attochment 1s set at thirty units on the dial,
the buzzer wili sound when tie inulecetor nend shows & grip of thirty kilogr&ma,

7H0wella, T. H. An experimentel study of persistence. J. sbnorm.
{s0¢.} Paychold., 1933, 28, Li~29.

' ‘73F9r descriptions of stenderd featigue-producing devices, sees
Bille, A. G. Genersl Experlmentzl Psychology New York: Longmens, Green, 1334,
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the red light will come on at 32-34 kilograme, end tie ember light st 35-37.
in ihe resent experiment an extrs asttechment recorded on a kymograph and
wexed paper the number of times tl.e light flickered from red to amber.
{See Fig. 3.) A
Each subject was essked to exert his neximum grip on throe succes~
sive triasls, first with one hand ana then with the other. After the maximum
grips for the entire group had been cbisived in this menner the faligue test
. ®es given to the supjeuts individuelly. {Sze Appendix E.)

The experimenter set the buzzer to sound st 60% of the meximum
grip of the subject being tested (meinmun rip beling the strongest pull in
the Toaree trisls on the hend tested}. The subject¥s task was o keep the
incizetor nend of the dynsmometer ebora this poinb so that the znber 1lizht
romsined an.  He wss nobt Lo allon the inzlrument to touch his body &t any
time. The red light flashed on &8 & werning Lo Lne subject tred he wss re-

ing ais grip.e The buzzer wes the signal that the test was over for that
nepd. The exsminer recordec the totel time for esch hend from the slarting
soint until toe sound of the buzzer. At lsast ten minultes inbtervened betwesn
:ﬁfnﬁfis = *

One exsainer glves this (¢s%, leking approximetely three minuteas for
esch hand. He Tecords two scores for eucn hendes {a) Maximum grip in kilogrems
end {b) lotal time the subject ztaved stove 60% of his maxiwum grip.

B

©
=
=y
e

T

(2} Te Chest Ergomeber. Toi: instrument is gsswnti&lly a spring - hien
is te be pulled apart by twe hencles. The foree of the pull is regisbered on s
point secle ronging from @ to 50. A Luzzer, 8 white 1light, end & red warning
light srs atteched as on the dynomomebor, (Ses Fig 4.)

The subject greaps tns tvo -~andied, palms fecing, zad lesps the
ingtriment, at arme lehgth with his clbows streight, dirselly in front of his
eyes. He then malls catwsrd on the hawiles &2 hard as possible without reis-
irg or lowering Lis zrms or sllcwing lho Instrument te go te one side. Three
trizls sre given. The best pull out of the three 18 callced the individusl's
maxizum pull. ¥Fhen all of the subjecis hove been tested for thsir meximum
pulls in this memmer, fie Individuel tcosting, is hegpm. Thig procedure provides
& minimum rest pericd of 10 minutes fur ezcoh subject.

In the individual futisus ‘ests the buuzer is set st 507 of tre
meximum pull previocusly deberminec for Lot subject. The cirsclions to the
ubject are aimiler bo those jiven fur tus lwnd dynemonmeter. {See Appendix E.)

One person cen sdminisher ihe test teking avout {ive uimpltes for sach
subisct. Two zcores wre used in the Cinwl record: {a) The meximum puil (best
in three tricls), wnd (b the toltal time theil the sBubject mainteins & pull above
50% of his naximom.

- G AL L MM R ATt AW P oA e
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YThin letior atloochmess won el fn hope of lecrning vhether the nore

1,
song werd wlso bis noere g

sveany subjlse ooaistent. ii cas found that the "Ylichsrs!?
(sueadiness) gad me relobion oo i Lime “h: subject wem able to meintain his
graip.  As vhe cipadis shored noe seonlon; Lhe atuecbment was dlsourded.
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RESULTS

Intercorreletions of the 22 measures :¢nd indices and the metns end
gtendard devistions for the 1941 ceses (N = 129) wzre presented below in
Table I. The mexlmum znd minimum scores for the wersures used in the final
znalysis, indicating the renges covered, &re iisted in Teble II. Tables III,
1", V, wnd VI present further cnaliyses of bLhe 1941 déis end Comparisous of
tnis date with tue retest secorss collected in the 194< study.9

4. Btudies of Helisbility. Memsures of relisbility for the wedge pene~
tration test, the electric shock, and i’ ¢ hand dynamometer were afforded in
the 1941 siudy by the correlation between scores of the right end left hands.
Subsequently, in 1942, retest data provided another method of establishing
the reliasbility of two of these tests. The nsture of the investigation in
1941 rendered velesting extveamely difficuldl. .

The left-riegnt relisbilities runge from 44 to .84. The relishilits of
the hend dynamometer for grip was .79 cna for time .5l. For the wedge pene-
tration test it wee .6)., ietsures of relisbility vere also computed for the
verious rew scores snd Indlces of the constent stimulus shocker., These ranged
from .30 to .84 for the raw messuremenis, snd from .44 to .73 for the verious
indices. ({Teble I.)

There is considerable recson o believe thal ithesge correletlions are at—
tenuated aue to the unwillingness or inebility of the subject to exert him-
self on the second triel on the other aena after he hed exerted himself on
the first trial. This contingency =zppesred to be exceptionally iikely for
the fatigue testa. Vith respect to sheck, moreover, meny subjects were
frigntened by the wpparstus on the Tirst trisl, but on the second triel over-
ciime this initial frizhit and vere chle to go much Turther.

The subjiects retested in 1342 showed obvioug zshifts in ettitude end

| motivation in both the tests used in this stndy — the lend dynavometer and

the constaent stimulus shocker. Bume of them had been wlirsessg by the novelly
of the teshr in Llsild; but vere reluctent to teke them sgain o %2, Other
subjeets hed w ve ehtwareged in the 1341 Lesting to fight &8s Lard &35 ohey
could becruse of the presence of Priends end tiae xnovledge of tae performence
of others. In 1942, remembering the punishnent tulien, some were reluctant
Lo repect ine tecte. Jn the other Tand, some of the subjeebs vho did poorly
in 1341 were snxiocus {o improve their scores in the retest. In other words,
it seenms possitle thut & slbluztlion ofvering & zore constent motivetion wnd a
mnore or lesg stendurd eavireonment, such as the excsinaticon for f1ight trein-
ing selection, woula lend to increcse the relicbility of tiae Lests.

?ﬁ crude attempl wes wlso mude to get indirect estimates of the validity
of these tests. & brief sumwery of thisz study is reported in Appendix B.
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Time
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In Teble III the newns, stenderd devictions, snt cocfliclents of
reletive veriebility wre iven for ell e:asures on tae dynsmometer and
constent stimulus shocker for the individuals who heu Leen tested twice.
In generel, the 1741 enc 1324x distributions ere compzarable as to mean end
stenuarad aevietion. In exemining Teble III, it will be notec th.t the points
for sein, very painful, enu terminel g=in are slightly lover Por the 1942
caeses then for the 1341 zubjects. Tﬂlb czn be accounted Tor by the fect that
the comstent stimulus shocker wes modified durlng the interis cnd pew & slight-
ly cifferent celibretion in 134z.

The test-retest corcelatioms {1241 vs. 1242) wre sresenbod in Teble IV
below. In generzl, these CGrralath"“ bend tc Le lover tﬂan he correspund~
ing right-left corveleticns. It pust be re.ewbersa, hovever, Lot the Lims
intervel in the former ceze (tesu-iretest) vwes LF'IC{Jﬂu163V LD wenths, «lian
. 3 n rl P r. o ~
in the latter {right-lieit correlstlons), only & matber of wirvies. This fac-
tor elone vouie tend Lo reduce ihe corvelovions.

nt:
+

Test~bkeotery Correletlions sy the land Lynemcieter
end the Consteod, Shirmilus Shocker.

- -=p1ght ‘and-—-- ~u-1 aft Hende——-

Highw  Lelt 1241 Precichbion 1941 Frsdiction

Correlations V. for two V8. for two

1941 1942 1942 trdisls 194 Lrigle®

Dyrmenoneter

Grip e - 5% Al 5 Nl .82
Time <51 45 43 L0 AL .58
Pein .20 LTS S0 .75 YA .78
Very Painful .33 .91 53 .75 04 .78
Teruninel A LT LI 35 T .35
T-p T3 Sl -5 WL 7L

(T-P)/T . .53 31 AT <37 54

(T-VP)/(T-F" .44 .32 A .30 b
(T-vP)/VP .58 .30 253 A o2
.ﬁ'r"\- Aor ._ 7|"‘V e - P R - - "
inese correlavions vare “wl!-svec by tas opescoan-Tarens el for oa
test of twlice ihe len,ih ol £ s ASEN.
The meximum noio tret on sndividual oog sneve @ o o begtez ewal roliabalie
ity of WL caw .60 for tor s enb and leld aade oo vely (F%P]e V. i
Tv Barass Aas e bobaea O 2l i cL o Lie Jiearman-hToul
Cormua Lould sbeo un Lo 7% sa Lol : 9
Jengti of dme el Tia DIy i 3
SOTE AMIITWNL T oL L€ L 07 LD rh LT o
3 RIS C o Lo
L ! T I —r
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snockeh nend.  In using the aynsamomeier it is recuwences tnat twe triels e
tihen with toe preferrec hena cnd She average of the two be tiwen es the indi-
vicual!s ability to resist fatipve

In Table ¥, btus mecsures on Lno ri lt eno ieft hwends owve teen combined
additively end esteretest {1941 ~:. 12772} correletinng computed.

:

WLBLE Y

1 R T
Ll ne oo 2oy Left Hara !

PR oy 3o

|
Leier

e .L‘f'd..'. PR
- IO i
Jely Fainlul oS4
Terainel =1

Jynsmoneter )
Garip A .f
Time 5 L3

0f tne varaous meggures on Do hogf

s, Lhe

left tnd test-refest correletlion: wre cornlusroc

lies, -aen toe lodividusl cun Jo oo Turthsr. 2

o wrrelition between i:hr: .1 07 oo Lermingl

H-nuta for 141 ind 1942, In' . wove izl sne ls of

‘e L.=:L.u-£3.n'0‘“n Tormils pucoro s b, Ui e tug
ool tne rellsedicoony 00 T 0 Lt Tl anaen Tur Sin s i L oe ey

Lghn and left hanﬂsu Thuﬂm in p;nrié a:, o triasls should be givew ‘%ﬁk b #h
the right and the left h&ndsy epd Lo Lwwvorege taken as the Jnd‘wqﬂu th okt
ty %o reslal pain.

In Table VI below are presentac Lhe tagh-retsst correletionag for ithe ind-
tizl meapurss teken on the constant stimulus shocker when they ore combined
additively in various combirations.

TapLE TL

Tegl-Heteal Correisnilona of the Combilued Scoroz

Sorht Jdeno [
' Y depdd ws. 2

I.Jbl'Jcl.\.
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B Imtercorrcletlong. & -oJitive wne Jubstenticsl correletion vwes

foune hetreen girength £8 nesiursa by cwst-pull ine prip in the rignt cnd
ieft uncs, nemely, .47 ind L4l foviver, the correlelions betveen metsures
af ”Ltlgue vien rceorved in teras of tlns for C%%Stvpdli pne gynemoneter
srip vere found to be in tie nsijhborhoou of 00 - ith 11 set sures
end indices of pein. The meesares of strength ¢no endurcnee cpouir to be
indegsencent of Lue ebility to vezist Loin. The verlious ussesures of yeoge
sepetretion wnoe shock i re curreirbet wita ecca other in pener:l in the neigh-
borhood of .e5. This low ¢ovreletion incicetes twn €t thers nuay be difTerence
Letveen puin es induced by wull Jrossure  wnd pein es Inwuced tv & fvibratory® - -
5hocks T

In geuerel, the evicence incicobes tut tnag ce oo .les "to e it -
8 meesured bty viliiln ness Lo encure win or fotigue aive no rel:stion to sach
atner.,  Tnis nypothesis finds Fuviter confirmetion in tue vork of Fherry i
It wust b ressaberey tht 1l theoe e 2wes3 vere obteinec in ¢ hichly cotl-
vibea sociel situation wulich orve wi ht conwicer to be only-= poitdel subsld-
tute for tre sterner motiveiion of reciify in to. Tiiing s it tiom.

C Pector fnelvsis. Usin:, Yhurooome'. Centroic Peb.od of Fretor
frelysie, M tae intercorreicsions nf 0 of i Lk Teesurcs emsloved in 1241
vere stucied (M = 1kj). Hobv &1l of tae inmdleces o snoty sarg u:sn in bhe
feobor ene Lrader lecouse of the spurnousiy nlgh correlitlons beleeen them,
The prfsenca of the zime orl lsel scoress in the formulae agwad in the celeu-
lition of these ladices forces fnds "iZh vorrsleilon. Tose fndloes of Lo.ar
eriniiy, reiisbidiity L0 thiv cout es boe core .
i?&la%iﬁn belwgen woisures on the ¢ e 10T asrcas) vere ki cbeu to fppesy
in the fector enslvais. The right-lz’. elishiritdes Tor these looiess of
ghock wz well &s Tor Lie albaer verisities Lo pe feebordner ore [ioved Lelow:
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Presenicd in Teble VII cre tie intercorrelctions {Pearsoniun)
of the ten wveriibles for the 1&9 men for vhom complete records were eveil-
tole in the 1341 study.

TABLE VII

Intercorrelations Anicng the Ten Meusures
(Caorreletionsal e trix)

Chest * Hend Dynonmometer Y edge Shoclker

Ergomeler iight Lef't Test {(T-F) (T~P)

Pull Tima urlp Tima Grin Tine Eight Left Right Left

(1) {2} (3) {4} (5} (6) (7) (8) (12) (19)

(1) —— =00 LATL =107 40T -.083 -.134 =023 L1260 L,107

3 -~ ~0ll -.066 LO1E —.134 058 157 L054, .001

) 0730 L7436 -.110 LG07h 074 J119

o (4) e =053 L5130 -.039 045,012 .022

_ () e -.EL3 =078 L0047 .04 126

%gg_{ (6) o1 L s YT 04T 003

N ) ——612% 025 -L09

{3) o m—— 5136 -'\399

(12} _—— 7B

T

) kopht-lefv correi:tiong {velielilities).
o
r-‘rzﬁ.."
i
-g}b".
f

e rviginad fentor loscings ore tobeted tioes tiits Yo achlevs
retriogtaies o, e leenaa s after e Y000 potation are -vesented in {

ey Facle
Pobie 0T L0
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TaBLE VIII

Feetor Lowdings {Third kot:ztion} for Ten Selected Meesures of
Pein :nd Feligue

I 11 11X v i
(1) Chest Fr.oomeber —e—e--— Pull -.066 000 A 2 -.326 .35
{x) Chest Froometer -————— Time -,068 L0493 - 090 A 065
{3) Dyninometer ——— night Grip -.0z9 126 345 B3 . 738
{4} Dynamometer ——- Hignt Time  .028 291 036 523 WA/A
{5} anamcmgterVﬂM“:w Left Grip --067 .139 LB29 2 1
{#) Dynsmometer ——-— Left Tine —.040 285 000 v «520
(7} Vedge Index -—— Rignt Hend 201 502 -.285 —.277 450

{2} ¥edge Index —w-w- Left Hend --.332 613 -.161 ~.354 636
{12} Shock Index - {T-P) ~ Rizht 497 602 -.138 .000 637
(13) Shock Index — {T-P) - Laft 419 08 -.126 -sll3 573

Factor T —— Apnrehension. Fuctor JIT -- Momentary Strength.
Factor I -- Bncurunce of Psin. Feclor IV -— ¥#illingness to Exeri Oneself.

The first fucter having heevy louuings lor the vedge =nd shock s been
slled Thporehension,! Congiderehle fear :nd cporehension vere exhibited by
the subjects in comnectinn with these two tosts, tnd were for the shoek than
for the wedge, orobally cus bo The fret fhat they rere blindfolded. Furthere
more, the right arnd wes wivevs the Tirst tested vith the shock end the first
featoy loeding is hecvier for this nend then for tie lefw.

The second fictor his becn cclled "Endurunece of Puint since large load-
ings on the Juin nessures (re cherwctaristic of this greuping. The third
Protor wes colled Womentery Shrengih’ sinee 1t celers o the indiviouel’s
me-imms effort. The fourtn faoior seens oo we 'Willingmess to Exert Onesell®
ancz. strenuovs phexioel coredbiona. It overlaos Uhe srength {zetoer zs cen
pe seer by oee e nibude of the louding for chesb-oull fno grip.

These Lon jeasures hrecl dnvn inhe two crouns. e ocarroo-® of the gix
mengures of phvsicel sirengbh end endurance, represcntesc by the fectors of
"Momentary Strengih' end "Willingness bo Exert Oneself,' sno the other com-
posed of the pein mezsures. This latter group is accounted for primerily by
the first two foecvors, nesely, 'Aporehension! suc !Enduwrance of Peint.! There
15 &lsg evidence that Lhe wedse iz releted o the fourts fector - Willing-
nese to Exert Oneseif,? These FTedge incices wre in sart o funetion of ths
physicel atrueture of bue aand, snd since ihe score on the wedge lo the
rretio of the 'point of peia! bo ¥ne telnl pensivstion, the thicker the
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hend, the greater the possible penetrstion before extreme pein, with a
correspondingly larger retioc. This fzct possibly accounts for the magni-
tude of the loading of this measure with respect to the fourth factor, It
should be noted thet there is evidence of & fifth fzetor running through
the measure of time for the chest ergometer.

In his study, Wherry used a battery of fourteen messures, including
four meesures of persistence at physicelly tiring tusks, and six mewsures
of persistence in peinful situations. These dotea ylelded four fectorg inter-
preted as: (1) endurence of pein, (2) strength, (3) willingness to exert
oneself snd (4) ergograph. Hic pain fector resulted from six measwurements
with the Howells wedge-test. The strength foctor was related to height,
wa ght, hand dynamometer zna the finger uy-emometer. The third fector wes
als0 related to the two dynamometers «nd to supporting an extended weight.
Hig fourth factor was unique.

These two independent studies using mecsures of gtrength, endurance,
end pein, vhich although similar, were ocored differently, reveel sn aston-
ighing emount of agreement zs to the grouping of the loscings for the verious
sets of messures. While this egreement may be entirely fortuitous, it is
nevertheless more encoureging for carrying on future work then if the group-
ings hud been entirely st verilance. Furthermore, both sets of loscings seem
to heve 'face wvelidity.!

CONCLUSIONS

The verious mecsures of pein and fatigue studied ipn this investigetion
zppear to be fairly reliable. Increcsed reflnement end stundardizetion would
probably increase this reliability.

The evidence Indiecstes that the conctant stimulus shecker snd the hand
dynemometer have sufficlient reliebility to warrent being given & field triel
for predicting resistence to pein snc Jaligue. The shocker used in these
experiments has 4 relishiliity of .91 for the gverege of the terminal scores
bused on two triels with each hend. The mesaure of fatigue recommended here
is the Hochester modified hand dynemometei, which hes & tesi-retest reliabil-
ity of 60 for the sum of two trials with the preferred hand.

The mecsures of pein zppeer to be independent of the measures of fatigue.

~ The pein tests cun be accounted for by twoe fuctors, zpprenension and
enaurance; the fatigue tests by two other factors, momentery strength and
willingness tc exert oneself. These results confirm Wherryt!s enelysis of
enother, albeit, similar bet ery of vein wad fetigue tesia.

Fur present testing pur oses, tne vedge penetretion test end the chest
ergometer mey be discarded.
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RECOMENDATIONS

Observation of the subjects vhile teking the tests indicetes that the
indivicusls spproech the tests differently. Oome submit pessively to the
test, some fight the pein aend fatigue, nany sre epprehensive, vhile cthers
treet the entire procedure celmly. It wes the opinion of the staff st
Rochester thal perhaps valueble date might be gecured from an&lyzlng photo—
graephg of the individusls teking the tests.

Further dets which zight prove useful could be securea from physiolo-
giual records beivre, Guring, sud slier The tests. Tension, perspiration,
blood-pressure, psychogelvenic reflex, snd hesrt bezt eve obvicus functions
te be considersd,

It is recommended thet in further studies in which the hend dynewometer
is used two trisls on the oreferred hend be tiken ss the individual's sebility
to resist fetigue. This test is s0 exhsusting taet it is deubtful if the sub-
ject should be _iven more then two trials on eny given day. IT the shocker
ig used it vould be adviseble to give two irigls with both the right end left
hunda, and take the asveraze of tiem as tne individual's ability to resist pein.

Tn uslng these tests, cere must be leken o wotivels the subject, wnd
to impress on aly the 1%? resnce of weking & Scversble scores

hf'ter due considerztion of the possibility of injury to he subject in
soministering the wedge test, and of ithe nechenicel problems involved in the
chest ergometer, it is ragam“cndeu tne t these Ainstruments be disearded for
testing surposes. I tae shocker =od cenamoueter, efter field trial, show
high enough wvelldity 4o werrent using them &s a bethtery, the wedse wnd ergo-
zeter may be infroauced to iuncrease the stebility end relisbility of ithe
battery.

Velidetion of ithose tests muait o cerried cut using not only peesing
end feillng &t ope of cur trelining stolions ¢ ~glﬁae aritarion, wut elso
suecess snd failure as combal pllols overssus. 3

rsesistence to nain and enduwrsnce
1?&& Huu concern hiaemselves clso
M
+ny other potentislly demgerous,

Tt ghonld he pointed out that e
of fetipue cre not necessaril y Timitoo tw
with aerial gunners, comsends Ireining, «nd
strenunug, or peinful tasks.

iy
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In Apzendix B io found ooon-wrenvion of ¢ ?rﬁlimiparw study of velid-
abion, invoiving sthleles, physicel efncwiodn s»ioavents, and 10 C.P.T. stu-
BENT 3
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DeoColPTION OF T JioTo bl CinBD
IN TdL PRELLGINARY Prdndk

Five of tue nine tests in the ovri inel bettery were elimineated c£s =
resuit of preliminery tryouts. & brief description of these tests along

:itn ti:e reasons for their eliminetion i3 _iven telow.

(1) 4policstion of rcagisnt heet tu tac bzek of the hand.

Tnis wpoeratus consisted besically of & 500-wett lamn ena two Plano-
Convex Lensss. The filsazent of lhe lamp was Pocused oun the beck of the
hand tarourh & smsli osening in & shield. The hand wes kept in olzece by
means of & soring elamp. 4 smell shubier was menually opercied in-front
of the opening in such & wey tast the roys contected tie hend for periods
of three seconds vith an inuerVQl of baree seconds between exposure ceriods
Since the threshold for qeet sens: tion ned recently been demonsbreted Lo
be feirly steble from iadividuzl to individual, the weasure - resistence
to the pzin <f Lhe heet ves the lobai fime which elspsed between tne Tirst
reising oi b Shutter sha b evealusl vitharewsl of fhic nena from the
¢pperebus.  Peceh asnce vos testea in theg aenner.

Thals test irgccaure 2ea %o be discarded becense it was found thet
the wver: e subjech edaptea bo the aeew efter ebout 13 seconas. I tne
nenae was kept in the wosvotus ior tnis rericd of edeptation, neo more
gens:lions of zein froo oo osgn were sX ?briﬁﬂced.| de wouid; thus, XKeep
his aend in Lhc epser: tus unill ge gu”ecved ¢ severe burn., The test wes
obviously woo dingevobs o use.

{2) Loa.ersion of z.e oino in jce-wiber.

Tie subject wes ve uiren to pleee his leno in &« buckeb of weter end
hola 1t wierse o8 lon, <3 ge coulo. Ths bsuperetlure off Uhe weter 1o ihis
cese was 22 de, rets. Tue zduition of e lb fo the veter te lower its ltenm-
serelure wis consicered, Lut uben oo suvice of ghjululeﬂS this propozal
we.s rejected. The neesure teken ves 1. e the tetul Time of Imevnlor.

4 8imilar condition proveilec for thiz bzsh es in the cage oz Lae
epalicetion of ruiiznt acet. Lfter o« sheovt tlwme 1as veceptors of tne hend
apRecl'ed oo sdeplh to the celd veter, vith t.e :cau:t toct the subject could
kean his hend in the water for an ingelinite seriod.” Hence, this so-celled
Ttesht' ves not & test o G- natn lechoe ot oll. ' '

In these testis cuired, ir the oneg ecrse, to meintain
hiz arm perpendicular to hiaz ody- in the ather, to reintain lig leg per-
pendicular to the pody while sewted. Yhe meisure tuken ves the time during
which an individual would voluntrrily meintain his erm or his leg in this
position. {4n agjarstus was EJJ&EU.O”_g;nfLLV vhich requirsd the sucject
to hold out =2 wulgﬂt sroportionsl o to- strengvh of his arp, but it was not
constructed sinece it wez Telt thed sueh a hast aqhil rove to be injurioss. )

PPN H : - - T o SRR
TJuah cceototion s slsa Lsloecred an obler stimilad.
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" KPPENDIX A {Continued)

These two fetigue tests were eliminebed on the grounds of the length
of time it took to administer them., It wes found tnet gubjects could .ain-
tain such nesitions for fiftesn minvies or longer.

[ ) e [
Lag; S

o

g woGified Mossn finecr 2. nank.

Ian this test the subjoct wes resuived wo maintein & weight proportion—
&l o his meximum gull for =along & oine us possibie. The index finger war
vttached to 5 pulley Jevice coorying sn adiuvateble lowd, After the meximum
M1l wes delernine for,the sitject, = youzbt of 754 of this axioum was
ettached to the pulley. The subjeci wee instructed to keep this weight
sbove a given point. A buzzer sounded vhen he wis no longer able to keep
the weight chove this noint. Mecsures ol naximum pull erd time meinteined
vere recorderd for esch hand. )

This test wes discardsd orivarilyv beccuse of mechanicel feuitas. It
w&s found to be extremely difficult te nake & compect epperatus which eould
be recdlly adjusted to the various sizes of hands.

{7) The 'dry' shock.

The electric shock cppsratus cs First used had the current applied to
the hend by mesns of & mesh of metel strips in & zlove-like apparatus. The
stimulus wes & direct tary' shock fron these ctrips. Four readings on points
of Jirst sensetion and points of jeinful =nd very painful znd the terminal
point vere teken. From those necasures veriouns indices were to be computed
as ratlos.

L4

The 'dry' shock hed to be disczrded because it vas found to reproduce
slizht locel hurns at tue gpints of imperfect contuct of the metal strips
end the hand. A 'wet! shock in wliieh tro fingers of the sume lLsnd were
imiersed in & ssatireted selt soluticn vas substituted in its pleace. i

Other lnstruments capsble nf ~roducing more drestlic peln were suggested
:nd considered, but these were disceraed for both orezetical and humeniterisn
ressong.
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Vol IDITY STUDIES* "y

In & crude sbienpt to determine rhether the tests ned eny
ve1lidity, members of the Physicel Faucstion Deperlisent snd the
Athletic Coschin, &tef? at L University of hochester were szsked s
Lo rebe the subizets in fie oOeriment wilth whom they were familler Y
on their Ysbility to teke it.? Pew individucls vere reted by more f
then one ~erson; :pd no one sublect wes reted by more then three. :
411 retbings were mude on & five-point scele.

Copreletions were computed bstween these ratings on the febil- , :
ity to teke LIt' ng the veritus indices of sain wnd fetigue employ- -
ed in th2 study. These correlztions renged from .08 to -.10.

In & further enulysis, =il members of the University of Roches-
ter footbell sguad who hud serticipeted in The experimenis were
seperuted from tps obther zubjects on ecch of the mersures., The
hypothesiz thit the test resuits for itne footbsell squad were not
sipnificently different from those of the genersl populstion wes S
tested by chi-squered,®* Tae wrobebilities fell between 40 snd !
W, inuiceting thet the [oothell wen represented the general .
semple insofar as persistence wnd resistence te pain ce messured
ky taecge tests cre concerned. -

Seores for 10 C.P.T. men who .wrticipeted in the study were
sntlyeed iv the scoe Feshioen. They elso 6id mot ciffer signifi-
cenitly fro: the genersl ssmple.

¥The obvious munmer of velideting these tests, together with
the most promising ones from Wherry snd Gillilend would be to pea
whether they actuelly distinguish between successful and unsuccess-
ful combat pilots., (Heports of ressarch conducted by A. R. Gilli-
lznd s«re to be published later in this serlsd.)

E-2 . z fQ - rt}“‘z‘ * <
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T Loreld- .eloo iressure fest ig tio Joro-runncer of tlio nleronetor crodse
r%:acd in i2i9 study. Dsgentially it consisto o lever and fulerws with a twvelve
to
gition ~ni _tcased dom ot a constant rate Ly ollouin: a strean of water ritl
Tixed rate of flow. to flov into a contoniner suspemied on the lever. Doeawge of
the weter, tLis ¢ _paralus is clunsy, lorse. and inconvenient to wrorl: with. The -»g
Iderougter 1d;e lcs the cdvantare of cor. actness, celeanness, cid 1s easily reo,&
l:1la the rate of imercoso in ,mssur" it tho rderawber noyr not ba 8o constan‘t‘* i
a8 in t.eo .o.ell1 2 paratus, 1t o nosred tlhat the -wny advanta-es outwéiclnd tais ey
gl le di Judvmlta"ad . -

Ine wlirdnnry study, bot.s tnsts were adiinlstered to saventeen studerts.
Lho [ oinl whore the subjeet fell aln was recorded end ala tle terndnal noint.
in the case of tie rdercivter;, 11 wno also neoeessary to record the initisl soint
Mie gribols used in desl mating the various correlations are Interpreted as fol-
Loxras
I

iritinl readin~ (rderomcter only)
= Iein roint

x> Jerdnal JOiI.Tt

® Ri~ht hand

Loft hignd

H W
)

| B - ¢
"

reasure sceured fron nderonoter
2 = neostre scoured fron . girells
L rageres of Jolisbility:

Tie erocs corralations between the various raw scores varled fran .20 to .54,
tiowever, When the indices (T~P)/T for the .eweliatest were correleted uith the in-
dices (P~7)/(I-T) for the nicronster teat far the left hand versus tle left Lanmd
and tiic risht nopd versus the ri-ut Bend, the correlatlons were reapectively .66
and .56,

arparctus, tie sierometer wed- e wae used. Jecondery evidenee to support tils use
i found in Liin relintive mo nltude and ocgreeont for the feetor londings found in
this investi~~ftlon and in that of Jheprry.

deronoter liowe
rR(l__T) L(l"T) w 03 t 15 . rR_TLT = -85 t <07
TH(1-p) L (1-p} = <67 x L4 PP ® 47 ¢ .19
Tornet -t, = 67 ¢ .14
R - -, ~y ~ o R s
( -t} L(L) _K‘tgg) L( U;"’E) = +bD : 014 o
FR(E~C) Lip-0) = 0L w IS R(T-F) Lr-P) 3 85 + .07

In vieuv of the p nitude of the eorrelntlons ond the ndventares of the siipler

one ratic. Juc vedre is ploced in tle subioetis paln or obber doglconoted po- -

:'l
o
#
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Joan . Cealiley

Julg Lostrmune i delivers ulsavin, (ldireecticmnl current of continuously

wricble a-uituie ithin gheeilfiod Lirdts. Jwrrent [ron tiio sesgndary of tiwe
noger transtormer is essed tlurvurh tue subjeet Ly vay of a 6J7C tube eseting as
g metifier and currevt ¢oirol tuwve. & co.bination of fixed end self-bias is
used . .

1. . uwb ut cLorceleristics,

Due to & » i - late recistance of the 6J7G tube conmeted o5 -~ > ntode, the 1‘%
utrnti -l develored acrosa tlhie subjest vorics with the subjecet's reslstaonce ui.ere- £
3 e eurrert 13 rmactienlly indojperdent of thls roslstance zord ‘nversely roedte?
oot~ Lirg | obenticl. Whe mve-form of thic outut is a ~oriien of o sine-cirve

Jor s1cll curraats tie duration ¢f nach eise 18 of the order 37 1 or B Sdlliscconds
qnd iqercoses to.arc » UHaitin- value of © ng, for nazinel out r1, o ingtoning - ;_:
gous poak eurrert oy be varied comtinuovsiy freri tle hrrelevel of 41~ ingtroent
{1 -deroanpere or J.r:ss} to 0.0 e Ovar tuls eonlire rone a roxiintcly the eurw
I'nnt iadiceted o0t e dbrnted dicl dill Tlog throwh the susjeet irrns'“octi.ve
[}
g
d

= AL

the 1o nitude or of Cluactuations in the gunjcetts roesistence _rovided this re—
:ist-ance dces nos eieoaed 50,000 ohrie. I Hie resistonce oxceeds 50,000 orrna, thﬂr
urrent All Lo sc onot less tion inciested, es ceinlly in the w -er ~ort of, t‘I'LB “.“*' ;
geals . e

2. Cou.ircls .
Tie fun . of thc controls care as follovs:

_3-k .ain jorer ond Tileaent Zey{dee fig. 1} S-1 alpo comcats the battery
into T.¢ eircuit and cceondin -ly must e 100t in the "off" posltlion vhen %ae inpgtiv-
Jent is ot in use-

S~2 3eale seledtor. L inmer {minsr) secle ol the comirol dial arnplies o
when This switeh 18 in the ™" -osition; u.o tlo ouser (major) seale appliles wien
the switch pointis-dowmward. -

5=3 jughe«button for tastin~ brttery--=Ine Seetion 4-d.

534 ey to po or trapsforer. uls switel rust be Yoa" befars any current
¢on [low throush the subjeets. It ia navisable to set tie surrent control at zero |
When c.znes in tlie position of 3-4 ore rmde. fallure to do so rie introduce trmp- -
siopte as deseribed In 3Secticn 4.

5-3 Cutput seiecher. Vlie current ~+y La rossed turor h 2 dury load of
10, OUD ouns by Ioeirys S=3 in the "upy™ reoeltior:; or throw;? tiae subjeet vhen 5-D .
1s *dovm”. .

I'=1 (ilot ii ht

1=2 Current indiersor. o oneon bul’h ix clneged in 3exr =g with the subjeat (or
dury load) ~ud indiectea by 1ig briiiises e Lrrndtnde T osurrant Llorins throash S0

the subject {or duaw). It ls vgefu? in :cgwzens ths v-er tor thnd all conp-rotions
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@ to bhe subject are sutisfretory and thot the desired current is cetuslly floin.
T ovorever; L teat dors not roveal the oreaence of slort-gire 1ta in the oub ut

M -
Lo

‘ Current Cenbrol. ‘he enlibraticn nnmits are rilliarmers inst-ptonecus peak
current. .

output Connection. “he outrut is obS-ined fron the oublet wenr tle lover front
corner of the ri it ond of the instrunant - Deoth lpois ore free fran the chinssis
god-clso fron the  cler lines.
L
A Indicetor Li -ty and Duzzer. Ticse ore located ei thé rear of the fnctrmmy ot
and ore tirned on nceercing to tie follevir » seoedule!

Laltol Jecle _Anor JSecle
e Lae. U85 LadD 1
I S = 00 .56
Wdilte 300 0,70
Red 5.80 0.97
Blue 3.00 1.83
Buzzer ) 2,50 1.45

¥ 3. QOperaticn,

R The tattery slionld be clheclad junt prlor to usin: the stirulator and at

=“dfborvals durine o lon,c _coriod of testin~. Lurn 5-4 and 5-5 off. InoeTt . <uer
slu, and furn S-1 en.  Alow one ninute for the cati:ode of the tube to heat. JSet
the contrel 1o zero nand connset tle subjeet by ushing 3-5 down. LTie desired cur-
reut rame ig selectod by S=2. um 3-4 on and cdvanee tlie current consrol fran
zoro o tie requlred level., Twen tie tect has been cainlieted; rxturn tle cartrol
coozero ond read the raximm ceurrent delivered by ieang of the floetl o~ rointer.
ALt readin-s are mde ecainst the counter-cloclwlse edge of the nointer.

4., lroteective Deavices.

Ing; ection of fi-ure 2 roveals s=verel (evices for rrotreiin-~ the instru-

1ent . | reventin~ undue stirmlation of tle gubjeoet.
) A Iuses in tle ~owsr nlug reovent Tire or cxtensive d~voro to the in-
gtruwent in cese-of cirevit fallure . .

S L. Translemts due to Ziuctuntions in tie - ior lines are 1u,.. am:] oy

“ Jleoelins condonsers oerosa the caiinry and seerdery of the tronsforyer. rese hove
caracitles such thnt, oven if the roiror dne to tlie trensformer ia suldeniy eonnec-
ted or disconnected, tlie ool of the resulting transiont in the cut-ut is renarally
moch e:xllor ticn tie culput .eadlza. Cwr obgervoticis indicete thot tho lormest
trongionts cre o the order of 1 ra., vbon LLhe out vt is 9.6 ma,

C. L addlticn to tic "lizxed® Dias -oiowbial used to regulate tlie curs
1= t, o gelf«bicsing otential 1lg devoloe) <erosg Lae cethode vegistor. 7. ich do-
“vines oo rmxirun cuwrrent toat sill fTlog tirpowsh tae tabe.  This lirditaticon
.4 iy wsists ven din She eoge of coo dnte Latbory Tallure or o deleclive
" tentlome ber,

10 =

A

Bl
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oo Wy e enublos tao oporeter to ¢ ocell tun  otertinl of thiz brtilors ot .
: vlu@e e bt oL btery test griteh, S=3, ig closed, tho needie of Ll .otoer
sila.le waflred - for os Lo inic=line draun -ceross the wter=secle.  Juelir o de- R,
flogilon reodres congiderably nore eurrent t..oo ia 3 molly used Uy the incstru- B
ot ood neeordd Ly tue tes. ouaures tee oncrator thot tlo batters ig fully rde

qLatBo

E. swes ure inter osed in tu~ cxrut line to provont oxeesglve current g
flou in case of eireuit failurc. .lepse i‘uses 411 cerry slishtly less tucn ten "~
. instontaneous jeall 2nd t e e binction will interrust tlie circult as tie ocur- s

rent a proacies 20 1. Jonerclly bLoth fuses rmust be ra laced after cverlodding.

. \H:E*T}

3o Jaintemanes and epnirs. i,

A

4. Jellceaont of Lotteries
Saore the tor gover and unsoldeor Lae oo battery ftermdnels. erove tle bn-

t4o1: bracket and revlaece the bottery. ‘lesolder comnoetions. ‘‘est the now battery 5
ag wnacrited in seceticn 4-4. If there Is o nemabive deflection on the reter, the
battery leads sohould Le interchon ed. T

Ze Iprlcecawnl of “uses.
Cpen Wuses in the torer -lucowy © dleats ghor-cireuits in the pover eord, a"'”

defcetive transfonm‘_', or failure in the gecondar cireuit of .6 o ier tmnafom‘m
Tho instrunent sliould thesrefore be ear~fully cheeled belore fuees are rorlneed. :

Mugeg in tle out b cirewlt are looctrd near tho outlet ~nnd o7 be rmeolhied
by recpoving 0 Lottor cover. I tlese nrxe coen, the eireuit siiould zlso be eloeled
{gleconent Juses si'l be faund in tie gemiciner citechied to the -0 er tronsforer.

C. OLtiinr lopeirs. -

In cose of circuit faillures, the instrunvmt my bhe mbmitted o -~crsons of
sroper clectronie aiill or returnaed to the Zesignor.

R
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Instiuctions for Acministration of: :

1; Constant Stimlus Shocker

2y
S
4.,

Hand Dynamometer
Chest Ergometer
Vedge Pressure Test

[ R
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CONSTANT STIMULUS SHOCKER

Method of Operstion

The battery should be checiied Just prior to uaing the stirmlator.
Press Sy and road neter. It alould reclster.
Turn S, down and Sy up (off}. S5 up = load

Insert plug into wall socket, S5 down & gubject

turn Sl up {on)}, end allow one ninute for warm up. (Pl shoul! 1i-ht when
Sy is turned up.)

Set dial control to zero.

Turn 3, up and with S5 up, Py ghould glow a8 diel congrol is turned on.

Return dinl control to zero.

lush 3g down. Joleot durrent rene fron Sp: up = minon, dewn z 1A JOT.
Jith Sg up, turn S5 down.

apmratus 1s ooy roady for $esting. See necompanyin: imstruetlon sheet
procedure.

Read the dial on the comter-cloelivise adne of the rider.
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CONGTANT STIXULUS SHOCKER

€

' Instructions for Adminlgtration

=

{Instruments: shocker, 2 electrodes, 2 100-c.c. beukers, saturated salt solution

46 Gisu Lo detowilxo Lo Len join mu ooz skond In boris of eleetiic slooln.  Tou oo
place twe Tlngers in the salt solution ofter wiiel vo will ~padunlly inewense the o
of olectiric shock. .dien you first " Yrce ;ur Pincers in tle sclutior, there will b

“no gsensation of sioc. or _aln slnee the eyzrent i1l be ent 8ff. .3 the current is
" increased, you .jill be adled to ansver o series of four quostions reserdin,: your so
agtlions. Wds test will mredunlly inercoge in seintulyess until rou comnot bear 1t
unisse you huve & lod of "suts.” kit moumt o see i uheiioror not tou con ™o
it.? lriefber thot, alibourh the tost 17111 beeors very cipful, 1% i1l net hurs
you pemumnoentlys o iny L oges your rischt bhand,

{Zraniner carcfully oxmiines the index snd niddle Timers €or cuts or honmeils.
I¥ nong ia apearent, irmverss the Orngers in the selt solutione If cuts or

i hangnalla ore o parent, seloet tuo fin ers [roe {ront these lrperfections. .av
the egalstant LI1dfold tle subicet.)

;%W: "I vont you to tell 1w four thin se-Tirst, vien you Peel any sensaiion at nll; geecu

%3,:‘: Jhen tle gansatlon beeorns | alnlul--by painful, T rean vhetever you considar palnf
o' third, L ovent yon to toll mn ulere too gensation beeonos very ’ei-ful but whers yo
"w hink you ecould stand so.r nore if you had to) end fourth, you are to rerort whers

T¥-.  YCU ¢ca no loncer veke 1t, Shen I wil) irvedictely owt off the eurromt. Do nod

take your ker? omt of %hs solutfon until I tell you to do 8. Lo I am ceing do
> _stars the test.

{Bxaminer turns the rheostat conirol at the rote of cne eo mlete rovelution
every 60 seconde. -0 should have rrocticed tiiis vith a stom tmtel until e Loz
en error of nob nore ton 4 ssconds.)

Grys Plegze tell rm .rirm you first feol sonsotion.

{0 rore o rweots glowld be rrde until Gl gtudent romorts sonmation, IT b
rerorbs sensaflon celowr § op the senios, obop the tesk. LY mvmons there ia o
mimate eut on one of the Dir srs.  Jeleet onoblor Pirper of the seoe hand ond
‘ restart Lie togt.  Jhen Sensstion 1s 1o orted of ¢ sSesle valne of 3 or —wro,
G reecord tliis vnlue.)
Y !
poy: Tow I oa. ois el ond you rosort ulere it la einfule

= {Iioc carionis until the student 7o orss min. .hon roesord dial roadine.)

Sayi; liow we arc jolu - on untll you re ort $L0 asengatlon is very -sinful Lut rou Y-int yom
e, can stord s 0 cpre.

(10 conmonto' wntil the sbtudent roporbao very painful. ecord dial resdlm.)

Wy Dow we arn oins op until you ceanot stond i any loncer. Let us see 17 you ern bal
5.

{i7o co wrntay .8 goon n3 suvine” sara ghen, out the curreTt by mversiar e
meogbot . LUtor 10 pAncte Tabaeend om0, Sest tho Sthet toasnd.)
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JEDGT 1 RTSSURE TEST

Instmuctions for Administration

Tao purpoge of this test iato find out oy meh pressurc you ean

stend on the palm of your hend. .Je am ~oing to find this out by seromrw
inz tils weds® into the pelnm of your Iend. liow irlll you p'ease rut your
hand paln up here in the apparatus.

-

{Ooerator adjusts t'e wedge and the subject's hand so that the vedse
falls agbout tlr conter of tleo p2lne The axis of $he wed-e iz orallel
to tke fincer bonss.) ,

Jirst, 1 4ill ocdjust the sedse so tirt it exerts thie _porer initicl preos-
sure on your kend. Zlds will not hurt.

{Ooorator turns the Ledre serew imtil the ratchet enring ~ives, snd re-
cords tic readin; ot tiis pou.nt.)

Tow I vant you to tell me two tlinza as the vedne presses o Jour hand. 1
want you to tell e when the ed:e bLrning to be nainful. “hot is, tell =
whon it begins to hurt, but you feel thot you ean still stand rore - ressure.
leext, I wanl you to tell rme wlhen you hove had 11 the oressure that youw em
gtand. .uen it is os pmipful os you con gtand, eay stop, and the ropsure
will bo relecsed irrediotely.

(Operator begina to tura wed e serow 5lowly.)
Jirst, tell 11e when you feel thot 1% is minful.

(After pain is rejorted, the reading is recorded.)

Lo tell me when you dant to stop.

t nperator records terminal reading.)
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Preliminery Report on Construction
of & Test Batlery for Persistence

by
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Coustaruevion of & Test 3u.terv for Porsistsnce

Y. Jackground,

& etudy oy T. H, ngellsl we.s Tedreu &5 the beels {or the present stuay,
uWiile he hed no correlations witn success io £1.iag, he ¢id reseant inter-
correlatliors for 11 btecis, In orier Lo soloet e etz to 08 used in ithe
rrregent expurimeut, fastor sralysis of Lowelle! twole of inbervcorrelutions
waig performed wiltn the vesulis irdiented In T:

1y ! B Ao ) 4 F T -
Table 1. tueior felysis of Howslls' Tests.

whonstenoing drtbstend-  Pole Sea-

wi weorfor Tur Shoek sitivity
Hand Dynemometer {1/& all) wE0 ) +18
leedle sticldng pelnm . e .08
Burning of pslm 41 o7 08
Electric Shock (R Hund) .56 .58 U0
Electriec Shoek (L Hend) .53 .64 07
Peg Pressure, R palm : Bz . 06 20
Peg n ;s R wrist . .79 L& -.05
Bar " , R thumb .51 oL -.11
Peg " , L palmr .79 Natd W37
Peg " , L wrist .30 .18 -.07
der " s L thumb -8Bk 54 -.11

II. The Tsgt Bettery.

Since the shock tests were a propesed pert of the Gillilend ':m'c.‘l‘.er:rld
it was deciced to buse the tests on the rirst factor found zbove, using the
six Howells pressure tects as & nucleus. Iis ap_ariius and method were
duplicated as nexrdy &e possiole ws veseribed in his crticle, Since the
hand dyncmometer did net .ermit holding at any given stuge, & siring-scale
finger dynamometer was substituted in picce of ais fivst test. A test used
by Ryan (holding e weight extenced st crm?s length to one siue us “ong as
pessible) wes alse acued, A lsboratory hrgegreph wes also included in the
battery, scorea in terms of voth time sna aistance .ulled until fatigued.

In order to be sure thut _ercictence retivdy than mere strenpth was
being mewsured, welght, height, ena hand-dynamometer squeeze were adied to
the batiery. .

1 Howells, T. H. 4An experimental gtudy of _ercistence. _J, somorm., (scc.)
Psyechol., 1953, %8, 14-:9. .

Fditor's Note. hevorts of resecreh conducted oy A. R. Gilliland at
Northwestern University, bvanston, 1llinois, are to be published «t & luter
date.
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(2}
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(3)
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{15)

(26)
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PABLE IT - INTERCORRELATIONS OF ALL MEASURES = =~ = S w S e
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: :
L b
Height!| Hand' Ergogragh Finger Exe Bowells Wedge Pressure Test Purdue Rating
| Diyn. Dynancme ter| tended Scale
’ ifleight | Pelm Wrist ¥Wrist Pelm Thumb Thumb Judg- Caluw=
Grip{ Met. Tima{ Pull Time® Right Right Left Left Left Right| Skill ment ness
(2} | (3 4 (B &) (D] (8) (9 (o) (1) (12) (13) (14) | (15) (16) (A7)

593 .533 123 -.040 W53 L339 L343 L516 L3260 .11 ,313 .335 .318  .292 ,059 -.054
m— A6 W19 W064 W348 L1533 -.024 403 L120 L0100 L.255 145 .233 143 096 a2
——— 099 -.148 L689 -.082  L115  .305 .13 -.068 044 L1TL L1955 L275 -.084 L000

m——e T30 W10 =009 197 089 «.026 - 170,136 .263 .154 -.167 .111 -,200

—— 105 ,026 010  ,003 -.025 -.137 125 .046 .054 -.219 081 -.060

T n———— t{353 0361 n3§2 ‘BQBB —.0’?‘9 0223 -342 ngﬁ i391- nlﬁ.s ‘#&37

—— '4-&? 0685 0532 -685 .7{}9 ¢550 -637 -.018 cﬁﬂﬂ ul%
e 18 L0 L4344 449 383 445 098 194 -.168

me JUB 624 LB59 JIST L2329 LOTT 429 247
cmee 635 681 7T 733 -.010 322 265
— T 611 L7188 044 270 285

ce— 6T 4854 -.063 418 318

—— 863 -,088 355 221
— =036 470 L5311
e =033 ~,326

— 133

*¥Finger-dynancueter time wes the length of tine the subject ————
mainteined 50% of his meximum pull.

#¥Varieble (1) was weight.

-0
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III. Subjects and Criteria.

This battery wes zuministerea to 31 C.P.T. elementary students, spring
quarter, &t Chapel Hill, The test: were given at or near the beginning of
their training period. -

At spproximately the time of their lust lesson a Kelly rating sheet5
was filled in vy each subject's instructor. This ruting scale wes scored
for Skill, Judgmeat, znd Tensicn®, These three scores nere used as criterie
for evaluating the usefulness of our persisismce tecsts.

IV. Hesultg.

The scores were coded for Hollerith equipment, and intercorrelations
were run between the various tests and the three criteris.

Thece inter-
correlations are reported in Table II.

A factor analysis of tine tests and criteria yielded 4 faetors. Only

one of the factors wes not relzted significantly to at leust one of the three

eriteria. The rotated factor loudings are given in Table ILL, on the follow-
ing page.

5

A Scale for Rating Pilot Competency. This scale, freguently referrea to
as the Purdue Rating Scule or the Kelly Rating Scale, was prepered by E. L.,
Kelly and is printed by the Purdue Research Foundation. See:

Kelly, E. L. Dewelopment of a beale for Rating Pilot Competlence. (Purdue

Research Foundatlon, froject No. &: Progress Report, September 1, 1940.)
~ashington, D. C. : Nationzl Research Council Com:..ttee on Selection and
Training of #breraft Pilots, 1940,

The scoring was done according to & faetor analysis similar to that dea-
eribed ing

wherry, R. J. lysis of Daily C.4.A. Log Sooks. (University of Hortu
Carclina Projecl No. 7,) Bushington, D, C.: Hationzl Research Couneil

Coumitiee on Selection and Ireining pf direrart Pilots. (anuscript on file
in Comiittee offices.)
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Table III. Hoteted Fsctor Loscings.
Indurence Strength Willingness Ergograph

_of Pain o Exert Self (2}

Feight - 21 .70 .36 02

Height VA « 72 .03 o 22

. Hand Dyn. {Squeeze) -.08 67 43 -.10

" Fing. Dyn. (Pull) ~.02 «50 .68 ~-.03

Fing. Dyn. @ 1/2 (Time) 76 14 -.02 .08

Ergograph {Time) -.06 ~.01 .30 .90

Ergograph {Distance) -.02 -.06 C o =04 .85
Fxtended Weight W27 .00 A ~07 -

Howells Palm R .32 W43 W22 04

n Wrist L .76 09 W22 ~.05

" Wrist R 82 -«23 .14 -.04

w Pelm L .30 .16 20 .18

" Thumb R -7 ~-.01 49 .12

n Thumb L .87 .06 .36 <09

Kelly RS-Skill -.17 .33 31 ~,28

" ~Judgment .34 —15 e 31 12

n ~Calmness .37 .09 -.35 ~-.06

V. Conciusions.

1. Strength (height, weight, hend-Cyvcmometer squeeze znd finger—dynamo-
meter pull) is positlvely correlated with estimates of flying skill. licasures
of this fuctor are unrelated to performence on’encurance tests, This fuetor is
not releted to estimsies of Judgnent or Freedom from Tension.

2. The Howells tests ars ell highly intercorrelsted with cne another ind
wity time the finger dynamometer wes hele ¢b 1/2 meximum pull, end yielded a
fector which wes named Endurance of Pein. This fector was wnrelatzsd to 8kill
est.mete~, but 4id correlats pesitively with both estimates of Judiment end
estimates of Calmness.

3. 4 third fector - ifentatively nemed Willipgness to Exert Oneself - hed
high loudings on finger end hand dynamoncter, the extended weight test, end the
two thumb teats. This fector had & positive losding on Still end Judgment esti-
mates snd & negetive loading on Celmness estimetes,

4. A Tourth facior wes specific to the twe ergogravhic icasures end was
unrelated to any of the estimstes of Iflying succesgs. '

VI. Nexti Steps.-
[ ]

This study is %o be repested on anothey, ssmple. Certain tests are to be
dropped end others &dded for tryeut. This ctudy will be ready to resort cfter
the students complete the training ecouvss 96 reting shnéets are cvaileble for
criterie.

L

it ig hoped tiat the results frouw this ctudy mey te cormbined with findings
by GLlliland and Dunlzn te Sornish o ven)l oterb towsrd fulude rescarch on the
problem of Endurance, :

. _
- e
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