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CHASTEN ]-

TTIE PROBT,MÍ AN! A SURVEY OF NNI,ATEÐ TÏTERATTJFT

1. TI\ÏTRODI'CTTON
i :' :

The Aï'ctic and sub-Arctic reg'ions have recêntly taken

on àdded nilitary l-nportance l-n terss of the present probl-en of

nationel defence. The problens of ad.justnent to cLi-uate are 
,.,...,

nuch greater ln tine cif r¡rar. ïnstead of a house, Ìúan has a "' :

::.
vehicLe or a fox?¡ô]"e in $hich to live. Instead of staying in ":':''

the locality in which he ïas trained, he is transported to the

desert, thê tropícs oy the Arctic. He has no ti¡¡e to learn ho$r to

cornbat the ertrenes, but can only be briefly instructed and given

what forns of protection are avaLlable.

As the environment beconês mo¡e severe, the norê fTequently

n:il1 operatf"ons fail because of the inabfllty of the personnel

involved to rem¿in efficient. Scottrs bst ørpedition to the South

Pole and the hlgh casual-ty rate in the Aleutian Caüpaign of the last
1.er 'are trlo æneral exånpLes of losses that have ¡esul-ted from

inadequate knowledge of the hÐman faetorE involved. The result ',.,:.

of the severity of the envi?onnental problemÉ nhich nay be

encor¡ntered has Êtinulated investf.gations on the proper functloning

of rtrilitary equ.ipnent, both nechanl-zed and persónal. ..,.-

.1
Parnphlet - MedicaL Research Council, Report - Aue. 191¡8

F.P.Ellis.
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The llteratu.Te of Arctic exploration is full of advLce on how

to keep ua¡n in ertrenely coLd reather. the nethods proposed involve

properly bal-ancl-ng clothing, shelter, and bodily activity to naintain

confort under prevailing conditions of te.nperature and ¡s:i¡d "

Superlrposed on the various envi¡onnentâl stresses to uhich

troops are exlposed, is the necessíty for perforuing a rru:ide variety

of actívit1ês. AeriaL gunners e:çosed to severe coLd mrst often

renraLn Lnactlve i-n cramped quarters for hours ¡ sol"diers nust

frequêntly contl.nue forced uarches for long periods. It hao been

established 2 th"t oin extreme cold no conventior¡al- ctothfrtg assen$fy

is at the sane tirre warrn enough for standing sround and sufflclenàþ

freê of buLk to pernlt freedom of ¡¡ovements.

&qperlence has shorm that clothfng should be xeduced in arnormt

or loosened to avoid sweating durj.ng periods of hsrd work. Éven when

thèse precautlons are taken, uroÍsture nhlch accr:nuLates l¡ thê outer

clothing nakes it sttff wtth lce and as a result, reduces the

insul¿tion provided.

In an atterpt to protect ¡nes¡bers of tbe Amêd Forces from

erçtrenely loû tençleratures, electrical-ly heåted sults ffere developed.

üHlectrical failu¡es of the gloves and slippels were nlureror¡s, and even

rhen fafluve dÍd not oceur the distríbutlon of heåt in the gaxments q¡as

;,]'"È

2
Advances in Mtlitary Medlcine - Vol¿little¡ Bronn and Co-Boston

19hB P=:' L98 U.S. office of Scientiflc nesearch and Devel-opnent Andru¡
E.C. gronk Ð.'Jt.
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unsatLsfactoqd,. 3The proper distribution of heat to different parts of

the hands and fingers is an obstaele rhich nust be surnounted.

Furthermore, wíth the nobife ürit of to-day, it seens irnpractical to

oaintai¡ a Êource of electrld- heat.

ïn nar¡r of the northern ¿reas, fuel Ís a considerable problen,

and, to keep the whole body warr woul-d dernand too ¡nuch fuel. Also as

we have seen, attenopts to keep the entire body warn have ¡esuLted in

decre¿sed mobÍlity.

The hands end their adequate protection are of prime inportance

to a soì.dier, õl-nce they must be used eontinr¡a3-þ and efficiently in

the handling and repair of neapons and Ln the care of personal equip-

nent. nesults of previ.ous investigations l+ show tha.t e:çosure to

extreme rinter conditions causes dete¡ioratLon l¡ rrotor perfornance

and the deterioration appears in the snatler nuecles first.

The a.forementioned suggests the possibLlity that, ¡ather th¿n

keep the whole body rarrn, effic iency night be e¿intalned by local

applications of heat. Thíl-e clothing nay be adêquåte to prevent

freezing, this does not neoessarlly ensure mai¡ter¡ance of effLciency.

The probJ.en of ¡naintal-ning efficlency 1s not slrnply that of preventing

frost-bite, foy effLciency is furpaired long before the body or any part

?-Ibid ., p. !02

Lr. O. Uorrd", '¡ A field Study of the effects of 
"rpo",o" 

to
extreme Winter Conditíons on the perfornance of three motor teststt,
(Unpublished ùlaeter¡s thesis, The ïJnivers ity of llenitoba, l[iinni-peg,
1950) P.P. 79-Bo
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of it ïeå.ches the freezing point. local applicatLon of heat is to
be thought of, not in ter¡¡is of coofort, but in ter:ns of operationaL

effÍciency.

l¡lhil-e there are dist¡acting f¿ctors, other than the specific

effects of cold on notor efficlenc;r, attention nÍl-L be focussed. on

this one particular aspect. The Literature revie¡led below deals

brtefþ uith the effects of exposure to cold on muscLes end on bldod

círaul-at1on.

11. å B!'ry suRVEy oF nE!ryry ],rrERArÏlm

A study was loade fof the activity of the i¡rtact gastrocnenius

¡auscle and its antagonist'when eq)osed to coLd. The procedure in
securing ihe dat¿ rnas to r¡ake cor-t'trcl records frorn the rnuscJ-e and

then pack the leg fn ice. After five rn:inut es cooÌing, the relexaü-on

tLne is Lncreesed 62i¿, vinil.þ the perfod of contraction and the letent

tLne are Lncreased 21Í and 12.!S iespectívely. This neans tbat

relaxation is affected three tines ae much as contractÍon end. fLve

times as much as the Satency of the ¡Tusc1e. Ten ninutes of cooling

increases the period of rel¿:ration Lljfr, wlni-Le the cont¡action time

is increased orlly 'U6fr and the latenc¡' 2l¿f. fhder this condition,

relaxation 1s increased 2.$ +,ínes as Euch as contraction and L.6 tines

that of the latency. ,fifter twenty ninutes of coolíng, the sítuatfon

SThe Effects of Ðec¡eased Temperature on the Activity of Muscle
1{.11f. Tuttl"e, Pi{.D., fow:ê City - Journal of Isbord.tory and Clinical
lÁedicj.ne vol 26 lg a - 1 - St. louis, The C.V. MosbJ. Co. p. 1913;

i,,
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is sinîlâ¡¡ Relaxs+.ioni6 Íncreased J!12$, confuaetion B2l, and

labency 37.5%. Ilnder this conditÍon ¡el¿xatior¡ is j-r¡creased 2.1
: ti*"s as ¡nuch as eontrac+.ion and ,l+.ó tines ãs ¡ouch as letency. The

:i results of this e:cperl-eraent seen to Jrrstify the concLusion that 
,.,..,i,

ItcÕôling a ¡nuscLe not only affec+,s the rel¿xation more than any Õthe¡

period of its activity, but aLso shows this period fron two to three

tir¿es as Eruch as the contractiodr. ,: .

' It is a neLl- knoïrn feet that cold contracts the arterl_oles of :'r'

: the skLn, drives the blood to the Lnterior and increases oxidatlon, t. t,;
If exposure to cold is pz'olonged the tenperature of the skin and of

i the nuscLes þing beneath is redueed, and either the heat p"oducing

i p"ocesses nay be checked and a l-oss of tenrperature result or shivering

: nay intervene - Tn this case nuscular contïactions a¡rd cor¡strictfon :

I of the blood vesseLs sti¡rul¿te netabolfsn and heat p¡oductlon.

I a study L of the skin and rectal- terrperatures of LO norr¡at l

subjects exposed to an envirorußental. ternperature of 20o C for two

, ¡ours and. of an equal nnmber of subjects at a temperature of L5o C

r nas ¡nade. rt was found ihat the skin terrperature fetl narkedþ, rnore .', ., ..

, rapÅdtþ in the first hour and more precipitousþ at 15oC than at 2OoC. ,,i,i.,.
It was aLso ôbserved that the fal1 uas least on thê forehead and greatest

on the erbreroit fes .

Reasons comnonJy gl-ven for the greater fa1I in the tenperat*re . :,:::
''''

á ¡tu""*n and Nlckerson - skin and Body Temperatu"es of Nornê1"fndividuals ünder cold conditions, ¡Iournal_ ãf ¡¡ul¡ition voL Lt, 19tB _
The ïflstar Instítute of Anatouy and Bfo3.ory, phíladelphia, p.- i9B.-

:
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of the erbrenitÍes as rras sholm to happen Ín the study of Freeman and

Nickerson arer lack of adipose t!-ssue, absence of heat, generating

organs and the Large surface.

ï{hen an indívidual. ls e4posed to a cold environnent the

sensatlon of coLd often appears to be Local. Finger-tips becone

nr¡mb and ¡notor efficiency is furpaired. One nould suépect that lf
heat were appli.ed to the hand, operatJ.onal- efficiency might be

naintained.

i::ì
i. r

i:.i



CHAPIER TI

TIIE ÐCPERI]TENTAL PAOBIüM AND TTS METHODS

Ï. THE PROBTéM

Statenent of the problgm. It wa6 the pü?ose of this
j¡vestLgation to nrake an objectf.ve evaluation of the effect of

different condLtLons of exposure to coLd upon the perforÍrance

of sinple notor tasks prrnariþ to deterufne f:f a personrs

efficS.ency could be mâLntained by l-ocal appll_eation of heat.

ttÐj.fferent conditions of exposurelt nentioned above, refers to

four e:cposure cond.ltions - namely - warn body - rrarro hand,

oold body - col-d Ìrandr narrn body - cold hand and eoJ-d body -
warr¡ hand.

I¡qportance of the study. A considerabLe enount of reseaïch

has previously been conducted il-ith the puryose of evaluating the

effects of Ðqposure to n:inter conditions on the perforrence of

motor tasks. No avaiLabLe evl_dence indícateo, however, that

fnvestigators have dlrected their erperS:nentation to the purpose of

deÈerrnining çhether operational efficiency could be naintained as

the result of the appl-lcation of heat to a 1oaal. pa.rt,

It has previously been deterr¡-i¡ed I that i-ndlvidua1s vary

narkedþ l¡ theLr abiliòy to perforn u¡¡der oold stress. So¡ne men

1
._ M. Bader, J. ltreed - Jourr¡al of Äppli€d ph¡æiologr - Vo1 2
ftl Uay, 1950. P. óOB.



I
see& to be particularly ¡esistant to frostbite, can rryork w:ith

unprotected hands for aonslderable periods i-n the colC or wíthstand

relatlvely long exposure under general-ized coild stress rithout

conp1aint..otheÌsr¿ybeineapacitatedr:nderthesanecircunstances.

Þr¡rerience, trafning, attitude toward the coLd end out-of-door-LÍfe,

mechanícaL ability, and general co-ordÍnation, lnte1ligence, body

buíId and fat distribution cån eII conceivably pfay a part. In 
.., ,

additlon, there nny be signiflcant l¡dividual differences in the 
j

specific physiological. responses of the body to coLd rlìich ¡rou1d :, .

:':':l '

narkedly furfluenoe cold tolerance ¡

l¡eentfves for lnvestigating the hunan respor¡se to

excesgíve GoId deríve from several sources. .Among thern te the

need far data on the physioLogicaL changes resultÍng f?om such

prolonged êxposure as occurs in lijeboats fn northern areas,

during ftghtlng in serni-arctíc te"reLn, and fn the forced J-andíngs

of planes in the sno!'ro I

The present investigatíon rras rmdertaken as a snall- segnent
,:.1:l

of the Jarge area of experinentation n?rich rmst be conducted if 
:.1 

;,i,

i:.:

the effects of prolonged e)q)osure to cold cLinatic extremes are 
,,.,r,

tobenfull8'{zed.Itnasdes1gnedtoyie1dinfor¡rationofpractioa1

value conceraing the effects of different erçposure conditions upon

s1mple rnotor performance and to act as a guÍde to future resêerch

along sr Ìnt lâr Línes. i=
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..ÏT. T}IE METHOD OF APPROACH

The problem of the effect of various conditions of exÞosure

to co1.d upon motor perforrnance is one ffhich pernits an objeetive¡

ì q,rantitative approach in the forn of a scíentiJic experùnent.

The e:q)e¡lnent was so desLgræd that thé data obtained by

ßeans of the e:qrerinental procedure would either contradict or

: conflrm the hJrpothesis forrmlated - naneþ - that application of

heat to a local- part would enable the i¡dlvÍdual to neintaín notor

I efficiency i-n spite of exposure of hts body to cold. It vlas

. possible, also, to ûÌake ¿ anaIl¡sis of tåe data in order to assess

, the extent of deterLoration due to oçosure, and to detenrinté the
I

i differential effects of the various oonditions of êlq)osure. Hand

i ukin teraperatures wêre recorded during the course of the etçerínent

i, uith the e:çectation of dete¡rnining thelr reLation ¡6 I r¡pairzrenö

SCOreS.

' The irrvestlgation took the foro of a cold roorn experJrnent

I oonpr{sed of sl,tnple, reaLÍstic ¡notor tests that pernitted of

. controLs essential to a sel"entifl-c e4perÍment.

ïfi. pffi'Q{ï! oN 0F rER¡q üsEp_

Test. Thi-s tern refers to eithey of the tllo types of test

apparatua - the trbfocksn or the ltboltstt - utilized in the e:çeriment. t+

Sub-test. ¡efers to elther the four bol-ts and nuts, whieh are

designated as sub-test A, or the three snaller bolts and nuts
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desigpted as sub-test B.

Test-qpllqry. The bLocks test plus sub-test A and sub-test

ts ¡neniLoned above, when carrled. out eonsecutíveI¡r, constituted the

test-battery or test group.

Co.nd.ltions of e:rposu¡e . This tern, as æed throughout the

thesi.s, refe¡s to the four conditions experienced by the subjects-

narneþ: warn body, $a¡m hand; cold body, cold hand; rnann body, co1-d

.hand; and cold body, warm hand. The duration of exposure between

the first and last tests on any one day, ua-s approx5:nately seventy

rninutes.

TI4. Ts the tern appJ.ied to the testíng activitles carried

out durlng ar5r one day. The tyials included three perfornances of

the test-battery, the last two being perforued after exposule

periods .

Deterioration. For convenfence, all- changes fn test score

have been expressed l-n terns of dete¡ioratLon, aince a study of

deterLoration nas the rûaiil object of the e:çerfment. T{here

inprovenent occurred, it ís ex¡lressed ¿s nêgatlve deterioration.

Þrper]$gnl. The full series of fou¡ trials - under the four

conditiono of ex¡rosure - constituted the e:<perlrrent. propex.

Organlzatlon g[ the re4g.-¿nder oq_!,hg .thesi6 . Subsequent

chapters of thÍs thesis wLlL embody the foS.lowing consideratl"ons ¡

(a) details of the ex¡rerirnent, Íncluding a description of the



nâture and adminÍstration of, each test, and the order and

conditions of presentatlon, (Chap. II). (b) the presentation,

discussion and interpretation of the data gathered during the

course of the e:çeriricent, (Chap. fV): and (c) the coaclusions

drawn as a result of the investígation, toæther w:ith suggest- -

ions for further erçerirnentation, (Chap. V).
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THE TESTS AlVÐ TIIEIR ADM]TTSTNATTON

f . INTNODUCTTON

The purpose of the present Lnvestigation was to obtain a

direct neasuye of the effect of fou¡ dijferent oonditions of

expogure to eold upon the perfolmånce of trro motor tests.

The tro notor tasks selected for the test-battery were

both used prevtously I in for¡rer f.nvestigatLons. They contain

eLenênts approaching a reeListic r¡enipu].ation such as uight be

encountered in outdoor work, and at the same ti.rne they permlt a

higþ degree of experl-nental control. The rmvenents involve only

sinrple notor actlvities and depend on speed of hand and a¡u

movement rather than on judgènent or precf.sion 1n eye-hand co-o¡dinetion.

In an atterpt to isol¿te thê effectg upon speed of perforuanoe.

ryhich were due to ex¡rosure from the effects resulting fro¡l series

practice and fatigue, a naster plan of the order of presentetion

of tests and conditions of e:q)osure was prepared.

I-J. A. Sunde, rt A Field Study of the Effects of Þrposuïe to
Þcbreme Winter Conditlons on the perfonrance of thrèe nolor testsr,
(Unpublished X{asterrs thesis, The Tlniversity of Manitoba, ,l[tnriipegi
1950) P.P. ?9-Bo.

FrizeJ-l, R.N., rtA Field Study of the Effect of Þrt'rene
Winter Conditioris on a Test of Motor Performance, r¡unpublished.
Master|s thesis, îhe Unj-verslty of uanitoba, ltrinnipeg, 191i9.
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fhe present chapter offers a conplete descriptLon of the

two tests selected for the experinrent, and of the erq)eri-neâtal

teehniques utilized in their ad¡inístratlon.

rÏ. TIIE TESTS

A. Tþ9 'tBolts't Te6t. Two sub-tests involvLng the turning

of nuts on to bo1ts" the heads of which are enbedded in a wooden

base.

Nature of the test. The bol-ts test $aB fncluded in the

test-batte4f as it rnas considered to approach as nearly as possible

a real.Ístic rnanipulation, such as n"ight be lequired of one whose job

it is to ¡nake ninor repairs. At the sane tjre, the sinxple nåture

of thê task assures good e:çerLraental control. Test-retest

reliabiJ.ity for Bolts sub-test A (test períod 1vs. test period 3)

was .80. For Bolts sub-test B = .71+.

Ðeqç:ríptíon of the test. The test nas designed by R.N.

FrLzell P and only slightly rnodified for the present i-r¡vêstfgation.

Frg B

-.ã-_¡___{t A FÍeld Study of the Effect of Þçtre¡ne lltlinter Conditions on
a Test of üotor Perfornancert ( unpubllithed. Master rs thesls, theûnlverslty of Ìlanltoba, 91nn1peg, A949).
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The bol-ts used Ín eub-test A are of five-eighths of an

Lnch in dJ rneter and those Ln sub-test B are five-sixteenths of

an lnch i¡r dianreter. The nuts fitted to these bolts have the

dj-uensíons one jgich x three-quarters of an inch for sub-test.

A and nj¡re-sixteenths of an i¡ch x four ínches for sub-test B,

and are hexagonal-. The nuts and bol_ts are of the ordinary

connercial- grade in nlld steel, the nuts Ueing4atfrer slack fit,
turníng eas ily with the hand and. at no poLnt requiriing forcing.

Both serl_es of bolts are nounted on one frane and are

separated by a five inch space. Woiking clearance 1.e. the

distance between the nuts utren they are placed on the bo1.i:s, ls
two and thïêe quarter incheè for the sub-test A series and three

and one quarter inches for the sub-test B series.

One deviation from the original test design vlas that the

nuts, lnstead of initÍaIly being pJ,aced on the bolts, lære

arranged ln an orderly fashíon in front of the boLts on to whLch

they were to be turned. ThiE nade the test nore diffícul-t and as

a result, rnoïe sensitive, since the pattern of co-ordination

required to place the nuts on to the boLts was more conpllcated..

With the nuts pl-aced in this nanner, the niïnber of turns required on

each bolt of sub-test A is fifty eight and forty six on each bolt
oú sub-test B.

In an effort to reduce the tendency of the nuts to spín

freely nhil-e being turned dorn¡ on the bo1ts, the r,atte" we¡e coated.

irith glycerlne, and the free spfnzríng was entlrely el-i¡rlnated.
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Di-rections fqr adnfnisterlng the test. The test v'tas begun

by havíng the subject face the board on to ïrhich the bofts Ì[6Ée

attached. In response to the corn¡nand rtReady? Go[, he was fnstructed

to pick up the nut and begin to turn it on to the bol'r, as fast as

he could, usíng only one hand. He vras to enploy as far es posslble

a deLiberate tr:rnÍng action, using the thu¡b and fingers, and to

avoid rolling the nut don'n ç"ith the side of his ha¡ld. Hè r¡rås told

to sta¡t r¡¡ith t'he bolt opposite hls preferred hand and continue

untjL he had conpleted the lr bolts. As the subjects tested .nere aLL

thê1r
rLght-handed, all proceeded fronxleft to r3-gþt ín each series.

Having conpleted sub-test A, the subJect was then given the same

conrnand for sub-test B. Separate time records were kept for both

sub-tests.

The eryerÌmenter then prepared the test for the next subject

þ rolling off the nuts and pLacing thern in their appropriate

places in front of the boLts.

B. lhe'tBlockslr Test. ItBlocksÉ test was the nane adopted

during the course of this investigation to denote the Mínnesota

Manr:aL Derterity Test.

Nature oi the Test. This sj:nple perceptual - noto" test

depends neithey on Judgement of differences in size or shape, nor

in precÍse èye-hand co-ordínation, but rather on speed of gross hand

and arm nove¡rents. ït measures the speed with whích a subJect picks

up one hundred and sixteen c¡¿i-ndrical blocks, all of the same slze,

and places thern in holes j¡r a board. Test Retest reliabj.lity for
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the B1ôcks test was .87.

Descriptioq of the test. The blocks test consists of

a board rrr:ith círcuf¿r holes, and cylinCrical blocks of wood to p],ace

Ín these holes. 2

?ro, Bô

Adm:iniqttAtÍog € æ !9t3. The board was placed on a table

of standard heÍght, n"ith the blo€ks arranged Just beyond the board.

The subjects were instructed to pìace the bl"ocks into the

board as rapidly as they nere abl"e. After filling the board the

flrst tfuæ, they were to proceed at once to fill it the second tiire

lqithout any aid or instruction fro¡n the erçerimenter.

2 
A conplete description of the test, +,ogether ïüith dfuensions,

appeals i-n 1¡I.V. Bingham, Aptitudes and Aptitude Testing, pp.278-9.
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Â consistent pâttern of fillÍng the board ï¡as to be m¿intaíned

throughout. ïf +"hey fíI1eC it in a horizontaJ- sequerrce the first
tÍ:ue, 'uhey were to do it in the same fashÍon for the remainder of

trÍal-s on the blocks. Slrni f¿¡il¡r, ìf they fllled it verticall-y on

the fírst trial-, the saÌüe pa'r,tern was to be fol-lowed for the

renainder of the ex¡:erJ-rnent.

. The subject begên the performance of the test at the second

r,ro"d o? the eo¡¡nand trReady? Qott, and it i¡¡as tined fron the ¡uord

n6¿rt, u:rti1 the board mas conpletely filled the second time. He

r,ras instructed not to pick up any bloeks i-n the event thêt they

were dropped, but to proceed ffith the task. Tlifs instructíon was

given b€cause the ti"ne lost in pick5-ng up the blocks would thror¡

off the tÌming of that particula¡ tríal. Throughout the courge of

the ê:(perinent only t$o bLocks were dropped.

TTT. TTIP PI.AN OF TTÍE EJCPER]MENT

. The erperjÍent eonducted imrol-ved one group of sixteen subjects,

a test battery' conprised of two test,s¡ and four condítl-ons of

e:q)osìrre. The nurber of f¿ctors involved necessitated. a careful

plaffÌing of the experl-nent in order that the effects of exposure

upon notor performance night be isol¿bl_e.

A naster p3.an drawn up before the actual testing l¡as begur,

provided the lndÍvidual subject with the ord.er of presentåtlon of

tests and the specLal condition of exposur:e duríng his four trials.
Before the actual testi¡rg was begun, a rtdry teste .was run

through with slx subjects and Ít was found impossíbl-e fer t*re
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fo¡ the experimenter u¡aided to take the nuts off the bol-ts after

. each test, tl-rne the various subjects, and bring the trvo tests from

the cold to the warm room and vice-versa. An assistê.nt was hence

provided.

Order of testl4g of the subjectq . The sixteen subjects

who partícipated ín the investigation u€re aL1 University students.

ït 'nas very diffÍcu-l-t to arrange for the group to neet together for

any períod of time anormtíng to two hours or nore. At the saue tíne

it was desÍ¡able to retajl the proposed schedule of three present-

ations of the test-battery on each trial. In o:'der that the testing

progran shoufd not take too nuch of the subjectsr tí¡ne on any one

day, it was decided to divlde then up Ínto two groups -one-half

being tested on Fridåy, the renainder on ¡fonday. Th6 subjects

were paired to facilitate testíng. The ¡nenbers of these paírs

worked together throughout the course of the e:cperinent " The order

of testing for each paÍr of subjects r,¡as chÕsen arbitrarily and is

shonrn tur table I on page 19.'

0zder of presentation of thq !es.þs . NÍne test sco¡es were

obtained for each subject during each of his experinental- runs, three

ecores bel-ng obtained froÏr the bLocks test and three from each of

the tûro boLts gub-tests. In an atternpt to control- the series

effects resul-ting from fatigue and p"actice, the tests were

presenterl in rotatlon 4.

---ã' 
t. -. ñrer,vs, ed.itor, Methods of psychologr, (New york, ,tohn

1[iLey and Sons , Inc . , 19l+8 ), p . 13 .

l:.'i.;

l:r.:::
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TEST OATìERS ÁilÐ CO¡ÍD]TTONS TON TÑDffIDI'A1 STBJE6TS
rOÊ EÀCS TBIÀ¡ OF ÎEE EI}ENIüEI{T

L9

Ieet order Test, orde¡
Coad- SEb- Co¡d- gub-

D.,y tttoa J€ct l{o. eç. lst o4. 2nd o:ç. Day itioa Ject tro cxp. l.st e4p. 2nd ery.

11 A3 BA
:îÍ 2., 1) BÂ Â3

III 3 å3 ¡8
IIl l¡ BÀ .AB

T.2 ÄB
Ir 3 2) BA,

III tr ¡D
IT 1 Bû.

BA ¡B
Å3 ÀB
¡3 å3
¡3 8å

¡3
EÀ
Á3
ÄB

¡B Å3 À3 Ib Á3 ÂB åB
EA Â3 ÂB II 1 EÀ ÂB 8A.

3) å3 BÅ !3 rrl 2 b' ÂB BA, ¡B
BA ¡B BÀ IY3 BA ¡3 Á3

t3u&
ITI ].
frr2

EÀ å3 BÀ
¡3 ÁB AB

6) BÀ Á3 AB
A3 BA ¡3

ÉÀ ÂB EÀ
ÂB EÀ .Â3

5) BÁ åB Aß
AB Á3 !3

T2Ìr3
TTI A.wL

rl.aÍ2
rJÏ3
lJ ¡r

BÀ ¡3 ÁB
¡3 BÀ ÀB

ô) BA ¡B BA
ÄB ÁE IB

r.3 sÀ ÅE aB
TI¡t A3 AB å3

IrI 1 7) BÀ ¡8 BA.

xy2 ¡3 BL ¡3

ïb
rIL

Ir.l 2
rv' 3

[ote ¡ lte s¡æ teot order¡ rd cordltLong of eE)osure rgre saed for bøt¡t
groq,3 of ciêht ôrbJoetu.

C0mr Go¡dftions L.- úern botly*rn hand
2.- cold bod¡r-coJ.d hand
3.- ra¡s bo{y-cold hand
lr.- eold body*arn hamd

Íeet¡ ¡. - bolts
B - blockð

Þç, - eryorure

i:'-,;ù:r,
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Ttro orders of presentation of the group of tests were

alteïnated througþout the trial-s:

1. BLocks-bol,ts sub-test A-bol-ts sub-test B
2. Bolts sub-test A-bol-ts sub-test B-blocks.

In all cases, the boL+.s sub-test B was perforrned inrnediately

after that of bolts sub-tçst A. The length of the bolts tests made

it possible for one subject to be perfonnÌlg ft ÌvhlLe his partner

nae performing the blooks test.

It was desirable to have the two subJects v'ith warn body-

cold hand and the two with cold body-warrn hand, perform the bolts

test before the bl"ocks becauee of the dLfferential- effects of hand

cooljrrg w:ith the bolts. Adoptfng this rrethod, cool-ing of the hand at

rando¡n was elim:inated.

The order of presentation of the tests for each subject

on each trLAl appear irr TabLe T on page 19 l¡Jhile the orde¡ of

?otation is baLanced for each condition of exÞosure, lt rras inpossible

to controL the series effects rrithin each dayrs tria.ls.

Conditiqg of eræosu¡:e. The first ad¡rinistration of thè

test-battelï¡ to each paÍr of subjects began as soon as they had

entered the testilg room end taken their skin tenperature. The

four subJectF who were under the condítion of having tfrei-r body

coJ.d, performed the tests.i-ri thè cold room, rrhereas the four
bocll.es wer.asubjects ïhose -5ff¡-*¡é'To"be kept warm perforned in the warn roorno

Bet¡qeen the fí¡st and second aùn-irristratíons of the test-

battery and betreen the second and thjJd, the nenbers of each pait

l. :. .1. -



.2L
of subjects were requlred. to spenè perl-ods of f¡rom thlrty-ftve üo

forty ntnutes under one of foutc con¿titLons of exposure : 1) boðy

wa¡qr-hand ûa¡rn 2) body co Ld.-hand colû 3) body lvarm-l.and cotct

and lf) foay cold-hand wa:r¡.

Tbe cond.itl.on of expo sure foð each subject, on each d.ay of
the ürla]-s ls presented on page 1p. It ûi1l be noticeô that the

conditLons Ere balanced ovo¡r the penS.od of the expenf.ment as a.

wholê, but the plr.esêntatLon of the tests to four of the subJects

on egeh day ls rrot baLaneed. Í?}is ls due to the fact that thê

subjects wlth cold body-wann ?¡ands and wann body-colcl hantls d.1d.

the bolts ùest befo¡?e the bloeks test on all ocsaslons.

Íhe contll.tlon of wsm body-warn hand a1lowed. the subJect

to slt o:r walk around ln the warm room, the temperature of whl ch

approxlnrated 33oC. ünde:r the conditÌon of cotd-boûy-co3-d hand,

the subJects were alJ-owed to ìra1k aroun¿t ln the cold room, ttre

temperatu:ee of whi ch was appâ oxlnately -BoC. If shlve¡rlng beoame

too severè, they wene alloûed. to thnow tholr coaùs over theÞ
shouLders. lL¡e cold body-1r¡¿t* hand. subJeets sst ilown at a table

1n the cold ¡room and plaoed. placed theln rlght hand ln bêtween

two heating pad.s. In the event that thel:r bodies became unoom-

--- fortably co1d., they were also perrnLtted to wear t&¡eLn

ovorcoats. Skln ter¡leratunes of the cold hand,. wero reco:rd.edl

every fj.ve m'lnutes. Ttre warm body-co1d hsnd subjects seateð

themselves at a partlally open window in the same room as tÏ¡.e

warm bod.f,-warm hanel subJects perfomedl thelr teste. To tJle
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rvlndow was attaeheal a ca:rdboand. whl ch allowed thêm to êxpose

thetn rlght hand s to the cold aLr, rangLng betweeo plus ând.

mlnus 20-C., bu¿ ât the same time thel:: bodies were kqrt wa:u. 
:.

Hand-skfn temperatu:res bêfore startS.ng a¡d d ten coqrletion :

of the test - battery for thLs condítLon of € xposur"e is
tabt¡-1ated ln Appendfx A, Page 6L, under Conditlon J.

The e xpe:rlmental pno ced.u¡re ¡ras at f auJ.t 1n that no
:,

¡le co:rd.s were taken of the arnbL ent temperetune of the trands of i:

subJects unden the warm bod.y-coldt hand eondltion. However, !:'

tlesplte the fact that anbtent temperâtu:rês varLeal, the

lnvestigatlon was prfmarlly coneerned. wlth Ììow cold. the hand.

became, pather than the sumound.lng temperature which bno ught

the skln tenr¡rerature dowr to such a I eveJ. .



ff. FtlHirËn coHraolö

.á. c@plête expl€,n¿tion hes aiready been eivea of the

controJs appJ.led to the order of presentation of the tests

to the aubJeets, the rgtati@a of condftior¡s of exposr¡re bêtreê¡

the perfo:mauceg of the test-betteries, end th€ edslnLEtratloa

of, the tests. lber€ Tere a ¡rrber of, fu¡ther eontroLa ìrtilùed

l¡ ea efforf to obtaln mbLesed result¡.

0Lothtne. ft rra6 fq)oÉsibLe to have every ãubJeet ÍEar

€sctly tbe saue clothj.ug every day on rbleh he ms tested. Tbey

ûe"e, Þølever, erk€d to reer coEtrrarabLe clothLEg throughout;

gea€relly, subJeots rþr€ 6låcks ard a aport coat.

ItotlvelLon. lbe subJeots rere å.1I llalversity studento,

¡ogt @f tþe6 takiEg PryehoLo$r. &ey elj. l¡olüBtôe¡ed aBd r€16

lgenulaeJ¡r iste¡ested in the experfment.

Ttte áad Plå€e. tï6 trlåI6 rele held durlag tlre earþ 
.,,.,i
l :.:l

paltt of tl¡e afte¡aoon os ãrch day. lte Êlte of the teetlng t,,,::::

.fs5 an ågrLculturel nsseerch Buildiag, chosen becaü6e tt båd a

roon rhLch ras heated and elss eû adjs.ceÀt rooe xibich csuLd be

uÊeal as r €oLd roo8. fhe t€¡q)erstu¡e of tbe ìr8ru rooú üas

nearþ ooratant trhrougbout thè fnvestfgatíoa a.nd the adJaeent, 
i:i;l:,1
i:,iìì:ììì.:i

coLd roøn varled by on\r tro or tlrree dcgreea.

ÂIrÞaratüs ' Ir ao atÈ€ryt to elt¡l¡ate the free sp5.nntng

of the aÍuts, the bo:tts rrere glven a mifors¡ eoatlag of gþcerJlîe

22
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each dåy b€fore the trl.¿15 terê b€$m.
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CHAPItsR fV

ANATYSÏS A¡ID I}¡IERFRÉ]TAIION OT lHE DATA

fhe rar data recorded durl ñg the "o*u" o, the èxperÍaent

appea,rs in Appendi-x Â. AlL caLc¡¡l-ations appearíng ln the analy6i6

preseDted L¡ this chapter are derived fron the r:ngrouped raw data,

usi:ae the fomuJ'e€ presented in.Appendf:r B.

I. CoNÐITIo1\¡5 OF E&,O.9ûAE

A reaEonabL€ ex¡:erLnental deslgn appears to deEand at ].east

four conditionê of erq)osuxe ín orde¡ to dete¡rnine whether va¡lations

of the teq)eratu¡e of a locel parü produee changes of efficlency

independently of the_ body terperature. Tro conditions of exlroaure,

rhich nl.ght be rege¡ded as anchor¿æ poJ-nts, et€ that of 1raru hand

arld cold har¡d. Theôe roey e&ch heve two different conbiriations- :

nanely, rarm and cold body. Therefore, the four conditions of

e:qposuÌe utiiized i:o the preoent investigation are rva¡n h¿nd-

a¡m body, rarn hand - eold body, and cold hand-ryam body and

cold he¡rd-coJ-d body.

The test -Þattery ras ad:¡inistered to each subJect three

tlmes under each of the foì¡l' conditions. The fi¡st battety rras

presented to the subjects rithout a4y eryosure, the second battery

ras glven after thirty-five rôlnutes Ðq)osure and the thi¡d after

sevent¡r nlnutes. The effects of e¡çposu¡e to a givea condition oa

perforuaoce are neasured, b¡r couparing trials 2 and 3 n-ith trial 1.
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Coaøcquenu¡r, evæagês ¡nd st¡dæd dey1atd.oas æc calsuf.ated for

cacb of the test per!.ods utdcr eac.h cord{tioa e¡d ¡re shorm tn

lable é, oa pege 30.

rrc lIlE EFFpgfs 0F DITFXRET CoI{DITIO}¡S ff. EI!{]SURE 0i rESr
lm,ForufaücE

Gonèitlon, 1¡ IÎ¡dæ thle cond{tt on, tbe subJeets qrnt tbe test
pcrioda fa I ú& rooe. F¡.oa th3 dete g3c{red thír r¡y, ûe obtela

s l¡dieetLoa of *¿t level of p.lrfom8oe d.gbù bê sqr6et6d edæ

6ptiJrg1 condl.tlon¡¡

fhiLe tt !¡y seeù to bo dod.rablc that the trisrls uåde

the condltlon of rå¡i! body+ar håad b6 uscd aa a abrrid8rd ¡g¡ln¡t
nLtcb to aåearFe dêterLæstLo¡r, tbere i¡ a real dffferesec betüe€s

the ¡arn ed tåe coLd roo¡te lbc rceulta cbtaiEoal jEsttty tbLs

atatænt, aad irÞe¡3 dLff,ercnecs seeß to cast do¡ùt o0¡ sech r
trêatmrt of the d¿te. &en tbe €¡¡bjc@ts pei'fornsd ttp teet batter¡r

la the eo]-d roon, hevlag beea crçoeed to ttæ co].d fer æþ qpprsÈ

t¡¿telJ tb¡reê ¡l¡¡utes, tbe evefege acæc for the i¡Ltt¡I test ras

htgbsf th€n 1t ües for tbe flr¡t t¡lal cmduotcd l¡ tbê rìarn roo!.

It does r¡ot se€É reEasnablç !o esg€De that tbese tluee ¡lnutes sf

srposüre rere t',bÊ cauaê of the LEpeirgd peafoarlåÞce. FEotorE

ot'ber t'ba[ eqrosüre, eppårêrb\y dfecùed pæfor.raace¡ For tåfs

rca€ên, tba ¡11 ra¡n coEdltlons bås Bot beêrl Ëscd ¿e ths eæt¡oL

condl.tl.on agatn6t rhloh CêtetûatLon b¡g beeo ¡eagtrcd.
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Eeferring to Tabl-e 6 on paç3ott 1111 be seen that the average

perf,oruance jmproved as betwèen tesf periods )., 2, anà ). The nean

acore for the blocks was lOó.E seconds i.n tåe fírst test. period and

ras decreased. to 101.8 second.s in the tbfud test period. ¡t the

initial test period for ibfts sub-test A thê neen score ras 81r.6

seooqds and ¡ras 82.8 seconds in the third teet period. For the Bolts 
-

eub-test Bt the lnitlaL score res 112.8 eecondo arÈ lû.5 6econd6 in the

thfud teet period. lhe dlfferences bêtçeên the flrst end third trlals
for the bl"oaks test a"e signifioantþ different, lrtdiqating. that there

ís an inprovenent facto¡ operating. ThLa result was substantLated by

Sr¡rde t s data.

Tab1e E on pêge33, extrresse6 the dete?foratfon or inprov€úent

as percentagès. The results nåy be brlefly sumarfzed as fol-loçs ¡

TABÍE ]]

Bloeks Bolts A Bolts B

SRIAI.S ß Ðel'. S Oet. fi Det,.

-3.93 -2.3"1 L.Tt

-,b.óE -2.L3 -.?0

- l,ndie¿tes a !Èean lryroved S score .

Betreen trl¿ls !" and 2 for the rblocks r test, 3.93 I J.nprovenent in

&¡¡a ¡tcorê is signifícent, as lay be geen in Tabkg pageJ3 .

ftre sane appJ.ies for the &.68Í Ínproveoent betneen t¡1als I end 3,

Boltg Eub-test A 6hor a nean fqrrovenent of 2.37fi beUçeen trials 1

and 2, and 2.gS iryrovenent betÍeen trials L e¡rd 3, the forner

L &.2

L&3
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being slgnlficant. Bolts sub-test B howerlerr'shors a detèriorated

perfornance betrrêen trtà],g 1 end 2 and aÊ inprovenent of .7ú betreen

triaLs L and l, neither of wtiich fu s ignificant. Ihe deterioration

shorm betrêen trial.s I and 2 for ttr-ig test rnay conceivabl¡r have bee4

caused by the fact that the individualr s finger nr:scteE Íere tlred,

si¡¡ce fn aIL caseE this test nes performed imedlately after boltg

sub-test 3..

It shoufd be noted that the neìhod. empLoyed in the thesis to

neaau¡ê deterioratlon doeg not take lnto account the inqrrovenent ttrat

occurs under I nor"n¿L t eonditions end thê Greasurea of deterioratlon

ere l¡herefore pleobabqf sneller than they shouLd be.

Con. dltlon 2,. Tab].evroa pag@JqBhors that for the bLocks tèst and th€

trvo bolts sub-testg there is consLdereble deterio¡atlon bet¡een triaLs..

qe average perfornance acore on the bLocks teste fo¡ the first tria].

r¿s Ll0.¿l geconds chieh inereased to 122.2 seconds after oêventy

dinutes of e¡(trtosure. Fe¡forrnance on bolts sub-test A increased fÌon

N.9 Lø l21.lr seconds eDd bolts Eub-test B f¡on l+l+.1 lo 57 "g secondE.

The mean deterl-orated score i.s sigaiffcant l¡¡ the three cases.

The dlffe¡oice iûtscores betreon test perfods 1 and 3 ere s lgnlficant

Ln eaeh case.

Teble I paee33 sfrot" tt" percentege deteriorêtion to be as

foL].ous ¡
ÎABIE IIT

B.Lecks Bolts A

ß le¡t. Í Oet.

5.7 2L"01

1p.69 33.55

Bolts B

TBIAIS

L ELz

1&3

f Det.

2l+.72

3L.29
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It wt11 be noticed tllat the percentage deterl-oratLon f.s greaÈer

betreen trials L and 3 or after seventy ûlautês of ex¡:osure than tt
is betçeen trl¿Is ]. and 2 rrhieh ras after thirty-ffve &i.nutes of

øiposure. The deterloratfon for bolts Eub-teste A a¡d B iõ consid-

erably hLgber t¡¡en that for the blocks -test. ThÍs is posslblJ

caused by the fect that ).arger muscles are used in the bLocks tèEts,

aLso, the fiagers Losê heat to the oetal nuts, thr¡a red¡rcing tbê

skln tenpelature of the h¿nd.

eoüdltion 3. It ¡nlght be suggested et thlB point, that subjeetg

rmder con¿itioÞ L sholrld have been ingtructed to se¿t thenselveE

ald keep their rlght arn eLevatêd at approxiDateþ ttre saEe angle

et îhlch subJects ur¡úer condítton J had to keep tÀel.r arns during

the e:çooure period. If any fatlgue sèE iûTolved 1n adopting thfs

position, it rould heve then been equallzed for the trro qo[dftions..

No¡re of the subjects holferrer, nentioned any elenent of fatigue

durÍlg the cou¡se of the lnvest!-gatíon.

Tabfe é page 30 lndicates the¡e ltas considerabfe deteriorations

betreen lirials, although not aE great as that for conditfon 2.

ferfomance scores on thê bLocks têEt inc¡eases fron IOÉ"8 ôecond.s

for test perfod I to Ll2.I aeconds for test period J. Seores on

bolts sub-test A lncreases f¡on Eó.l aeconds in tegt period I to

Ll5¡2 seconds after seventy mfnutes of sq)osure end bolts sub-test

B increaEea trcn h5.2 sêcondE ia 55.3 seconda in the third test
period.

Table I page33 orpresses the deterioration iJ¡ terns of
pereentages ;
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Btrockg

TABTfi ¡V

Bolts A

*

Bolts B

ÎRTÀI,5

t&.2
1&3

Í Det. f oet.

L'70 26.ø2 15.olr

Bslts B

5.95 33.79 22.3O

It Íil1 be notieed here, also, tùat. deterioíation is greatest

betçeen ùest periods L and 3 but beca.¡¡se it is s¡ralLer ttÞn that_

for conditlon 2, f.t eeens to rndlcate that the warr body to sone

extent, countereacted the effects o¡ 
"ofa.on 

the exposed hand,

despite the faot that is rea not euffieient to prevent i-mpairraeat

in notor perfornance. the fingers Fele algo renning up, whíeh

woul'd tend to reduce the difference in Ín¡nJ.ruent between conditr.on 2.

0ordition ]¡. Table ó.pag€ 3Oíndicates that fo¡ the bloeks test,
perforÍance acores deereesed frorû Llo.lr secoads in the first test
perÍod to l09.lr seconds in the thi¡d test períod. For bolts sub-test

A the soore j¡creesed fron 89.3 seconds io gLZZ secoBd.õ after seventy

nl¡utes of erposure and borts sr¡b-test Â r,nereased fron 116.? seconds

to lr0.lr geconds. IloÌæver, none of these scores are statisticåLly
slgalt'i6ant. The deterioration expreesed 1a terus of percentageo

ras aE fol}ors;

TABIE V

Blooks BoLtE A

?ruAÏs 1l Ðer. fi Det. fi lr.lt.
L&2 -.?2 3.tt7 b.yz
1 8c 3 - .91 2.Ij 3.Õb
- indicates a nean irnproved perfor:nance score.
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143tr8 VI

û'FæTË3 0F COI{DSTIOUS OF EIm¡ûm
0¡[ Pgnmm¡aücB 0F Tm l5srs

3o

Rloeks BoIt Sub-Test Â Sub-têet n
OoaditLoa lEst Feriod If I Sd l¡ Sd tr Sd

tó 106.6 rL.ð9 ðb.6 \2.26 IÊ.8 7.Jßß 7ß2.6 11.9é 8¿.6 It.öó &3,9 ó.@
té tol.8 lo.06 82Ò8 ß.79 w.5 5.@

üa¡m ¡lB¡d
tar.n Body

].st
2Þd
3rd

eeld Usait
oold Boily

Irt
2ad
Jro

ló UO'h 9.87 W.9 2O.Í2 blr.l. 6.ó2
ló 1lé.7 l€.ó7 llp.o 27.N 55.ø 9.3\
7.b 122.2 ló.9? L21.h ltï.ilt 57.9 9.h3

0old Eer¡d
SerE Body

¡.gù
2Eal

Srat

lé 1tt5.8 t.9¡¡ Eé.L 18.21 ¡¡5.2 7.8o
L6 W.6 9.95 1p8.5 24.91 52.@7ß.61l,é 1L2,l. tp.90 115.2 25.\ß 55.3 9.33

X¡¡B Ë¡¡¡d
cold Ðo{y

lst
2tú
3rd

l.ó L10.1¡ 12.'l/q. 89.3 n.25 \6.7 9"LL
1ó 1.09.6 1lro13 l2.lr ló¡0€ h9.O ð.9O
ló 109.1¿ 13.26 9L.2 15.20 lr8.l+ 6.21
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rABIT Vfi

SICINI}'ICAN-CE OT TT{E ÐI}T'ËRE¡{TTAL EEFEC?S OF T}IE E&PERIUEßIru,L COIÍÐTTIONS

OT' EEPOSTIRE

Condltion Te€t lriåls N f,lD

Cold Body tt

Cotd Ha¡ld

Boqy
Iiand

IIa¡,"¡o
CoLd

BIocks
IÍara Body
Tfemr Hand

Cold Body rr

Warn lier¡d

-1t.2 .9r Lô5
- .ö .9ó .n
-5.0 .87 t.55

ó.3 .89 1,30
:'-5,5 .78 2.y2
11.8 .5ó 3.?é

1.8 .7ó 1.83
l¡.5 .8f L.73
6.3 .67 2.27

- .ö .89 r..?2
- .2 .9L L.57
-1 .8ó 1.ö3

3.11 .0018
.83 .&06ó

3.23 .@W

l+.ð5 H Sle
1.88 .oóo0
3.r9 .ooJ¡

.98 .3270
2.æ .oo9lt
2.78 .æ5ll

.h7 .63Blr
..13 .89ó6
.5b .5892

L6

1é

'L6

1&2
2 &.3
Lat
1&2
2 &.3
1&3

r &.2
2&.3
1&3

l&.2 l-ó
2e,3
1&3

Boftõ
Sub-Test

Â

16

1ó

ú

T6

J.&.2
2e.3
r.&3

L&2
2&.3
Le.3

L &.2
2&3
1&3

1& 2
2 &.3
1& 3

fars Body
Cotd gatrd

Warn Body
Wa¡n Hand

Cold Body
Cold Eand

Cold Body
tar@ Eand

-2 .95 L.az
.2 .86 L.67

- r..E .80 2.o2

19.1 .65 3.87
u".14 .93 5.9y
3O.5 .78 8.1¡Y

22.1t ;75 \.1$
6.7 .92 2.69

29.t .82 3.95

3.L .lÊ 3.ya
-J-.2 .95 L.29
1.9 .39 1r.10

1.9ó .o5oo
.L2 .6n5
.89 .373tr

1r.93 V E Stg
1.9o .0574
3.5Y .o0ot+

5.09 H Slg
2.\9 .s128
7.3? fi Sle

.7ö .tß5rt

.92 .357o

.l¡ó .oL50
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Coüdltl-on lest ¡I Trials N rD

BoLts
Sub-Test

B

trarn Body
tam Haad

Cold Boqy
Cold Hånd

fart Body
CoLd fiand

1é .5 .76 L.27 .39 
"69óÉ-.8 .72 t.26 .63 .52A6

-.3 .7b L.28 .23 .ðr.öo

1&2
2e.3
2e.3

L&2
2e3
lE 3

L&2
2e.3
r.&3

L&2
2e.3
1&3

Cold Body
tra¡xß llend

1ó r.0.9
2.9

13.8

.50 2.,1+0 lr.5[ H srg

.77 L.To L.1L .0672

.ó8 1..93 ?,t5 ã srg

6.8 .37 2.87 2.37 .oV8
3.3 .72 z.Ot t.6\ .loto

10.1 .ttz 2.53 3i99 H sig

1ó 2.3 .'lh t.73.L.33 .r8ló
-.ó .89 1.1ó .5L ,ó1[o1.? .91 1.¡4 r.&8 .r3EE

",..¿:
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Î.[BIE VIÏT

DBIEnIO&å,TIOIIS EIPNESSEÐ AS SENCENT¡.@S

Co¡ditloo 1

CondLtlon 2

0ondition 3

Gondition lr

rRTÁ¡s

L &.2

2 e.3

L8¡3

1&2
2 e.3

1&3

5.7

h.98

7þ.69

21.01

W.5l+

33.55

2b.72

6.59

3L.29

,iÈ

L&.2

2e.3

3&I

1.70

L.25

5.%

26.o2

7.78fi

33.79

15.01r

7.30

22.3ø

L&2

2&,3

L&3

.72%

o18f

.9W

3.W

L.3lt#

2.L3

4.n
L"2B#

3.6t1

BIOCKS BOLTS A SOLTS B-F5ã8. 75ç W
3.93#

.?5tf

\.68f

?.37í

.23

2.L3#

1.1?

1.8?

.7q
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Despite the fact that the bo{y ras aLlorved to get cold, it Íoul-d

appear that the treniing of the hand, êlthougþ'¡ Lt dLd not €tlablê tl¡e

EubJects to nalntain conplete efflciency in te¡ms of nhat they did

under cordition 1, nevertheless helped theû to keep 1t nêar to

naxlnal efficiency.

I'lgure J., on page3l r, surmarizes the trend of the

perfo¡Ear¡ce seores fron têst-period to test-period, for each of

conditions of exposurê. It ladicates that the a1t cold and tåe

coLd hand-ryan¡ body conditiona of, Ð.posure affect perforeence to

a considerabLe extent, and in a sLclLa¡ direction. lhe condltfons

of all-n"am and cold body-rrann hand affect perfornance on\r

sllehtly.

We nay conclude that the effects of cold are not nboLly

]ocel. ühen an l¡adivjdual is erposed to cold, applicatlon of heat

to e Local' part does not sr¡.ffice to preveat sone deterioretlon in
notor perfornanee. ft does on the ruhole, horever, enable the subjects

to naintai-n a level which ..Ís olose to their ialtiel ].eveI of,

perfomance, but the improvenent found undêr condLtlon 1 is not

obtained.

III. ?AOBLEM 0F INDIVIDIIA,I DI¡fnpnrlCUS WITH nffipgcTro ffiFoSUnE
ETFECTS.

. trê _have already shoçn on the baEis of group resulte, that
- dlfferent conditions of exposure resu-lt in ch¿ñges in test, perforßance.

If lt could be f¡dicated Èhat there Ls a rêaL dllf,erence iÞ the rrey
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that indivfdual-s react to these condltloût rather than thel¡

beiÉg affected nore or J.ess eqirallyr. it would be evident that there

is e problen of selectLon rrith respect to cold tol€rance.

a) Dl.fferential eff,ects of exposure to coJ.d.

0n the basÍa of riean diffe¡ences, the effect of ex¡:osure to

cold ib to lncrease the tl-ne acores on t?ìe notol tasks, b¡t are

a,l]- suþJects equål-ly affected? If e côrrelåtê scorea for b].ocks

test, trial I condltfon l rith scores fo¡ the blocks test, trl¿L t,
condition 2, re have a correl-etfon çhich is not effected by ariy

possl-ble differentiaL effectÉ of e:çoeure. If ve correlate blocks

test trÍ41 1 condltlon 1, rith bJ.ocks test, tríê1 3 Oo¡¡ilitiou 2.

we have e colrel¡.t1on rhieh does teke into account, antrr possible

differcntial. effects due to ex¡rosure; ÎJ these tro eorrelatj.ons

ere siga:il'irantly dlfferent, it ¡rould l¡dlcatê that ùherê are rêal

diffe¡eneec rrlth respeet to individüâls reactions to eryosure. 1

Ihe dijference between rrs for al1 .warrn(J.st triel) vs ¿aL

cold (J.et trial) and a]I rarro (lst trfal.) ve al1 coLd (3¡d trtal)
sas. tested for significenee nrith the folJ.owing reouLts,

(i)
BlockE test

À]I warn (fst trlål) vs. aLl cotd (lst tria],) ¡ = ,l+2

Ä11 rar'Il (1st trlal-) vs. alt- coLd (3rd trial) -. r = .37

ALl- ça¡:¡¡.vs. at:" co d (lst t¡iål) -.112 :." +:J.ll¡ts ]3

n= 16

I
- In iesting fo¡ thesê di-fferentiaJ- effects, the general nedhod

adopted nas to calculate the dlfference betÍeen tvo- obeeried correLations
by R.Â. Fisherrs lÍethod - R.A. Fisher Statistical ìtrethods fo¡ Besearch
fforkers; (London: OLiver & Boyd, 1938), P. 208.
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All ra¡:n vs. aL}. cold (3rd trla]- .37 .3UE 13

T. Score: .153 P =.EBOB

(ii)
Bolts Sub-Test Â

ALL warm vs aLL cold (Ist trtal) - r =

AlL rei? vs a1r co-Ld (3rt tr:"ar¡ - 5 =

l soore - .ð22 p = .gt22

(ilr)
Bolts sub-test B

.411 rar& vs all cold (lst triaL) _ r : .Jg

AIJ. warn vs all cold (3ra tr:iaf¡ _ r.; .1ó

.I score = .óOB p ¡ .5lr8l¡

These reau]-ts indicate that the lndlviduals are not

dlfferentiallyr affected þ erçosure to cold. $ the T seores are

1or for conditfona rhe¡e deterj.oratl-on is greêt, it ls.not likely
that re rould find dlfferenees between the other two conùitÍons

{here the deterioretion is snalle¡.

. In-vi.er of the htgh coefficients of reltability (pageÀ l)
one night è4ect a high correlation betreen the fi¡et trial fo? t*ìe

aIL ¡yara condl-tion and the first trl-a1 fo¡ thê a1l cofd condition,

since the only difference between the tüo ls the fact that the tests

for thr òJ.l cold condltLon (Ist triål) rere pê¡fo¡ßed i¡ the cold ¡oom

(rlth e:çosure of approxt n¡ teþ three nlnutes ), rether then tàe ñarß

rooû. ÍÌ¡e data horever, i¡dicates tl¡at the resùlts of tests cor¡duoted

ln the ra¡ø roo¡! a¡e not the sattÞ es rrhen the¡r are conducted l¡ the

.5ô

.30
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cold rooD ÍLth eppro:çilß¿tely three ûj-nütes of, êxposure - the te6t-

retest eorreletion for b].ocks I test in Ía¡n room rras o87 Thich fellg

to .lr2 r?rea the first test periods ll1 the ra¡m roon end f,he coLd room

are aoepered. 0øe csntrÍbutÍng factor Eay be the nature of the

experinental d€sfgn.

The rotallon nethod of pÌeseatlog cor¡dttions was enployed rith
the intention of balancfng out fo¡ the group r?¡at prectice effects did

exlst, so that the Been scolea rculd be coüpareble on the bagis of

the varlabLe conditions of e:q)osure. ühiLe diffe¡ences betreen mean

seores appeer to be reLL protected againet variable praetfce ef,feets,

neùerthLess they uay stlìl a:[fect corre]¿tLons. Sone of the EubJects

that perforned ünder the aL1 war:ll e@nditions rrouJ.d be presrnabJ¡r

rorse than thô subJeet6 that pedo¡:nêd ur¡der this eondltion the third
offourth day of the e:qrerinent. ThL6 a16o applies to the renalnLag

condftions of eqrosure, If practlce effects are great, the tendenoy

IrilL be to o¿sk lhe high correls.tions rhich êotueuy exLst, rihen

practJ.ee effects are eqnated. $uch nay be the reason for the Lor

correlåtLons shos¡n abovê and, if this couf.d be teken lDto corialder-

ation, 5.ndlvJ.dua1s oay be found to bè dttferentLalfy a*f.ected þ
exposure to cold.

Correl¿tions rere eelauLated betTeen conditíon I (test priod 1)

a¡d condition 3 (test period I) and betneen condltLon 2 (tesü pertod I)
and condLtlon lr (test perlod 1). I¡dlviduals subJected to eonditioa.l

ar¡d 3 all perforned the test betteqr l¡ the ra¡:o roon, rtrereaa tndfvLduâ16

subjected to condLtion 2 and h perforroed in the coLd roon. Sl¡ee

.ifÌ
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practice 6ffec.tg betreen eoaditfona 1 end 3 rould. be equall¡¡ as g¡eat

as bêtreen conditj.or¡s 1 and 2, then iJ æ flnd high corrêLâtions here,

Lt uould lndioate that practice effects ere of llttle eonsequence and

the ].gir coffelåtion betTeen conditlons 1 end 2 are dne to the conditl,ons

of tùre roon and the condltions of testlng. The resulta of these

coÌrel¿tions are es follorB !

Condl.tion 2 (trf¿l L) ve eonditlon t (triat t) r ¡

.t45

BLockE Bo1ts A BoLts B
Ji .b6 .63

oondltion L (triel 1) vs conditfon 3 (trial 1) r = .ja .65

The lor correlåtions índlcate that practice effects are the

cause fof ttre discre¡rancies found fn test perfornance rhe¡r trial 1

ln the r9aru alrd trial L in the coLd roon are conpared.

TV. THE HETATION OF ¡IANÐ . SIIN TEMPERAÎSAES TO I¡{PAITUENT SCOHES:

.åt the end of each exposu.rÊ period, Just prLor to the second

anat thl¡d test - periodt, the Ekin teu¡rerature of the rlght, hand of
eech subject w¿s neaeu¡ed. Eêch subJect vas given a thernonete¡ a¡ld

rq6 lnstrueted to keep itg bulb ageinst the paLE of hts hand untit
the readfng reøalned at a eonstent Level. There are a nr¡nber of

shortcomings ln this ûeasuregeútr. but theEe dÍd aot aeee too inportant

l¡ vier of the grose dlfferences rith ¡rbtch tre ere to be eoncerned.

0n the basis of no better knoçledge, the temperatu¡es at the begJrnnlng

of an exposure perlod and at thc end of the erposure IÞ riod ûere

averaged - the aesunptLon being that the Deobe¡ hed endu¡ed the neen

terE:ereture over the rhol¡ periodr

In eseessl¡g the relatlonshtp of skin t€ntr¡e"eture to changeE l¡r
effl'eJ.eney only the tbree oo¡dlti.ona ül¡ere tùte l¡divlduar-a çere eqrooed
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to coLd heve been teken lnto conslderation. fhus tro sets of

forty-eigþt Deesures of skin teuperature f,or eeeh of t¡¡e three motor

tests utillred ia the e:çerLment rere obtaiaed. The first set fs thE

average of the skl,n teqreratures before Etarblng the tests ana tne

teqlerature after ttrfrty-flve ninuteg of e4roøurc. ltre gecond ùet ls
the average of the l¡Ltial skln teúperåture and the t€qreratu¡e before

thê seeond e¡posure period.
. lbere af,e a'nl,!¡ber of raye be rhlch f,hê relaòlonship between

slifur teoperature e¡¡d. deterloration or nainteaanee of efficiency

night have been egseesed - 1ûo nain epproaches have beên utl.Ilzed:
(1) the uEe of, skín ten¡peratures that here been averaged, e-J,1oyi4g

qulntlJ.es,

(2) ¡¡" o¡lrrzetion of skln teuperatl¡res at a glvea point.

a) Lgt l{ethod of anal¡rsLs

the EubJeetê rrere grouped aB nea.rly as posÉibLe l¡rto five
equsJ. groups, th€ rarneõt belng at one end of the scale, the eoldest

at the other. Deterloretion scoÌes re¡e calculated et¡d tl¡e scoreg

nhich rère essocLated rith each of t}¡e seasure of BkLn teryeretul€

Íero t'hen averaged for êach quinttle. lbe reeulte are shsmt bel6 iE
table |X. Lryai:msnt, scores refer'to the dtffereÞoe i.¡t score bêtreen

test-period 1 and tegt-Ileriod 2 or 3. IÍhere tåe score J.s posltive it
rôpre66nt3 an l¡prove!ûent, lhere negative an irpairnent.



ÎABIÆ IX

B]¡gKi TESÎ

Pcriods 1 eíd 2

t.
E

n
Sange of terp. ( 35) 35-32

üean Lry. Score -2.5

Quintllec
2. 3.

10 10

3L-2ö 27-25

-3.0 -7.b

h. 5.

91r
2Ir-23 22-]'?

-1t.77 -¡¡.3ó

Ferlods 1 and 3

lf)
n

nange of tery. (70r ) 3ó-32

l{ean Inp. ecore -3.11

l.L LL

3L-25 21l.23

-¡+.5h -2.63

9'7
22-2L 2ø-L5

-12.33 -L7.55

QuintíJ.esl+. 5.

911
2b-23 22-U

-2255 -18.27

L. 5.

I 7'

22-21 2o-L5

-2?.66 -h65ó

8OI,TS . SUB-TMT Å

Feilods I and 2

1. 2. 3.

810 1o

Bånse of tery (35t) 35-32- 31-28 27-25

üe.an Imp. Score . -3.L2 -6.2 -22,9

BOLTS SIIB.TEST Ä

Fertods L eFd 3

1: 2' 3'

10 11 1I'n
Range of tenp (7O' ) tç32 3L-25 2tF23

!ûean Iø¡r score -L.8 -f5.63 -2b
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¡
R@ge of tê¡p. (?0r)

llea¡r IEp. goore

BOLÎS SU&.ÎE91 B

?eËlods I æd 2

L¡ 2. 3.

8ro1o
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In table Xf, tJre progregsl.on o! fAaf.rnæt, seorês ¡ccoqrs¡Srl¡g

Icúered el¡fn '.cryeeùuree, Írrdicatce e geoerâ3. rcilaH.mshLp bet¡ea

fall of tæIræeture and tryel¡il€üt of lr€rfor*åEeo, ht tbese Faa

so@rcs h¿dG ¡rqr ercêptfñr to th6 g6Bce1 træai. I¡p@ed Berfer-
sãcê doe6 not elrays ¡e$¡It floa ¿ faLI of skl.n try€retæe.

For tbe rbLockst test, the 1st ad &d qul.nttlea sbãra e
lrya.aved perfårnance in the ski¡t te¡pæaÈrule ¡a,rgca f}otr ?B*3f C

úe[ p€rfods 1 {td 2 are csleldercd. .l¡ tb stct¡ tc4ærature falls,
Lt Ls aecoqræfêd Èy dôtertæated perfo:re¡æe.. Ooasldertag perlods

I a¡d 3 afber êêv€ûrqr Einì¡tes of e4rosure penfomam e Lrynor¡es ia
the flrst qutntüe æd thereafter di¡ninisbes as tÌ¡e ski¡¡ tenperatrre

LE reduced. BoLts sr¡b-tesùs A a¡lit B stert ouè rÌlth â Eesl doùerLæeted

perf@ance ¿t, tbe ¡eln ead of tùre scale¡ This üas possibþ due to

the faot t'het thc æü balts cau6€d a rqrl.d cooltag dsn¡n of, ttc flngens¡

thus gfving negatl.ee scores, In addttion, tbc discodoæt ce¡sed tls¡¡
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touchr'¡g the cold Eetal êf the. nuts, nay have Elqwed doryn the performance.

It nay also be obsen¡ed fron thig tabl.e that.lrlth e given peÌiod of

exposìrre, the Lorer the tenperature, the greater üas the i.npairvrent.

ÁI,so after seventy nfrrutes of e:q)ost¡.re, deierioratlon Ls more na¡ked ,

than Lt ls after thirty-ffve ni¡¡utee exposure and in al"I ceses,

the Longer the du¡atLoa of eqlodure, the lorer the EkÍa tenpe¡atures

fe1L.

The use of quintlles does not permlt a dJ,rect eonparlgoa of

acore ranæs in assessing the ef{ects of duråt1on. The assury)tLon

nade Ln trèåtlng the scores sas that there ûas a continuous unlforn

rate of fall. ¡lorever, fu sone caseg the hand cooled dorm rapidþ
and ua* at s u1oûtl teryeraturê fo¡ e eonsiderablê lengtb of tirae,

ç}¡erees fur otbêr eases, hdnd cooling ûas nuch slorer and ag e resul"t,

th6 hånd dfd not ead. üre tìe 1on tcnperature ae long as Lt did when

coolLng ras rapid. Another approach to the probLen af dr¡¡ation

Ls shssa belþr.

b/ 2nd Method of, An¿l]rsl.8

It r¿E belíeved ürat the length of tfue that lhe body ras

e4)osêd nes of con6iderabLe Lnport¿nce in effectlng the tlne scores

on tlre noto¡ tests. T?¡e second ¡nethod of anaþslc used in thi6
secti-on presents €66entÍalry the 8.â,ne datê es raa ueed fn the foruer

section, but is i¡ a dtfférent fonn. ligure s Ze 32 æd lr, p.+J¿

shou the skln tênFerátures after thirty flve nl.nutes of exposuxe, ï?¡ich

are pJ.otted on the orriinate, and the tenperatuyè afte¡ seventy

ainutes ot\ the eboclsså. plotted agafnst,these tüo axes are t¡he
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lhe data on the scetter dlågra.ns ras groulred into cl¿sses

of equal step l-ntervals so that the effect of dt¡ration at a glven

teBperatr¡re r¿¡rge eould be studiodl as relL a6 tlie r€lÁtlonship

betrêen lore¡ed skia terq,eratt¡re and iu¡niment. The Irerfonnence

scores fa].lfng rrlthin eaeh of trheso intêrvels fof, both the thirty

flvE ¡l,nutes and seveaty nÍautes exlloau.r€ peliods rere su¡@åted.

l'he ¡esu.lts rêre as fndieêted bêIor.

TASIA X

lt¡

Blooks Bo1ts Bolts
Su'b-Têst A. Sub-lest B

Iêngth of, exPosure t5t ?or 35t 70t 351 ?ot

38u - 3i+ 
t c -r.y o -2.7 -z L.7 3

, 33o - z9o .83 -2.6 9.7 g.5 3.3 3.1

2Eo - zl|o .JL -S.S tS zz S.5 w.5

23" - Lgo 2,5 7.5 7.5 L9 r.S 6.s

. 1Bu - t.tlu 5.2 E.z a3.9 z3.h 7.6 w.b

13" - 90 6.r Lz.6 2B.z 39.v 7þ.9 th.9

- T¡dicates lr¡rroved scores

f Indicates deterLorated score

Ilre results i¡dieate that duration Gf e.qposur€

to coLd Ls a factor of eonsiderable l¡portance 1n affectfng the

dete¡ioratton J.a perforroaace acores. There 1s sone variablllty 5.a
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the mean perfornaace scores i¡r the upper raages of the table rhfeh

lncludes tåe ral.e skia. fhere 1s no appreciable dlfference b€treên

the thirt¡r-five nlnute and the seventy nlrrute exposure periods dorn

to the second ten¡rerature range r?rf,ch ls to 29o C. Eere, practice

effects are shorÍng up. Horerer, l¡ the Lorer skin terperature

ranges flom 28o to 2¿¿o C, deterioration fs uo¡e Þarked for the tÍo
bolts sub-tests afte¡ sêveaty ni¡utes gf ex¡¡osu"e theB it ls after

thlrty-flve u!.nutes. Fron the 6kl¡ teryerature rengss trenty-

three to nine, thè deterl-oratioa L6 cÕn6istently greater af,ber

seventy ¡lnutes of ex¡¡osure than it is after ttrlrty-five nlauteg

for the bLocks test and both of the bolts sub-tests.

.Addltioael errldeace concerning ttle fuportance of duration

of teuperature arfses from a. eorqrarLson of the Eeen skl¡ tettr)eratùrês

of t'he group et the ead of tJrlrty-fiy¿ ul.nutes and at the end of

seventy ninllteE exposure, ani a co¡rel¿tion of the skin terperatures

at each of thesê points. The results are as fol].oçs r

¡üeen skj"a teq¡erature afte! thirty-fÍve niautes exposure.... 21.öO C

llean skia t€ßper¿ture after seventy ¡intrtes êq)osure........ 20.g6 C

ÐLfference... .g¿¡ C

r............ .99

the average skfn teq)eratures dif,fer by only .Bh C end the

coefficier¡t of correletion te htgh. this a¡âlysis indlcateo clearþ
that, oa the rhole, each indívlduaL he"s stablized h1s hend-skfu¡

teryerature þ the thÍrty-five nlnute nark. It ro¡ld appear, then,

that duratLon of cold is a facÈo¡ of Lq)ortence ln affectlng perfomaace"
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since skin tenperatures are stebllized bÎ¡t deterloretion coatfurues.

the gcatter diagrans üe¡e divíded lnto three categories

füth the intentioa of etudyÌng deterioratLoo end the effeet of

duration fr€!û t}re vier¡rolnt of a clLtlcel polnt, falllng below

28o 0 irr aeLther period, faaning belo¡r 28o C in the Jast period,

but not fn the first, and felting belo¡r 28o C in both periods,

the índlvidr¡aLs that naj¡talned their skin tenperature at 28oC or

hfgber in both perlodg rere those under the condltion of eoJd-body,

rar:n hand, the teEperatEres befu¡g Eeintei!êd by local appJ.icatlon

of heat. those nhoge skfur tenpeÌatures rìere cold Ín bo r pe¡iods

rere t'Ì¡e subjects experieneiag the eoadfttons of col.d bo{y-cold

hand, ar¡d üar:n bod¡r-cold hånd. The re6u.Its are sMa¡ized in
leble X, , on page ¿lì .

It üas enticipeted that thè reeuJ.ts ¡ou.Id further eìrbstaatl¿tê

the hlrI)otåesie formulated - nenely, thaü lryatrreeot acores are

directly relåted to thê Leagth of tin€ thet ân individual is er.posed

to coLd. Fl.guree fron Tablexr, ln geaeral, coaffrø thís hJpotåesfu.

In t'he case of the b].ocks test, the sùbJectE that nåilrtair¡ed tl¡elr
ski¡ t€ryeratu¡e at 28oC ar hlgher during the tno periods had e nea¡¡

iøproved sco¡e both for ttre thlrty-five ninute end the seveaty nj¡ìtte

exposure periods. âlthougtr there lfere 5 subJects after thirty-five
nl¡¡utes exposure end nine efter seventy nl¡utes exposure ttrêt had a

deterlorated perfornance in spite of the fact thêt, ùhêir ski¡r

t'eqreratures rere high, their perfo::nanee ras only very s).igþtþ

tEpelred, hey i-ng b€en rslntåined óLose to the nean 6core. This

Elso applLes to bolts sub-tesù Â, úhich shors a nean inproved ecore
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SÌtlll&R OF ff(l{,RES - 2, 3, &L

35 ot¡uto e¡q)oElre ?O uim¡te
¡{ot Iqr. Iry. Xee¡ E¡r Scæe fiot lry. Iqr. llee ll¡rr Scæe

Fa1llag ¡s¡¡ S4Ë
t5 xo 5 -1o3 -f.lt

28ø c ,.n
80L1S Â

L9 11 lr -1r3 11 -1.5

BOLîII B
neitÌ¡er p€rÍôd 

-
L96 I +r.5 '}I.1

Fålüng 6616n EI4Ë

280c l.nth6 2 a I '.1r'0 *2.5

le8t p€rl.od BOI,TS Â

but not la zð z 433.ø *39.0
the ftrdt

BOTTS B

2- 2 *9.5 '19.o

Farrfng Ufe,r g$
31 I 2t {'lh8 2t *9.2

¿80 c r.n
BOLÎS Â

31. b 2? *19.6 to t29"6

ts0[,88 B
both perlodo

3L6 25 1816 r8 {¿àl¡

0

;

Lndl,cetes { Esìat rlod soorê

lndfcetas iqroved rcæe
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after thl¡ty-five ainutes and aftel seventy ninïrteg esposure. BoÌts

sub-test B lrês a1çeJrs perforned efter bolts sub-tegt A. This neens

thet by the tiæ the fl-rst sub-test had been conpleted, the subJects r

skin te4peretuf,e bad felten a ]-ittle, ar¡d this faetor üight possibty

be the reaEon that the nean perfor"nance acol.e for thl_s têBt ras

inpaired by 1.5 seco¡ds efter thirty-flve nLmrtee exposure and 1.1

secoads after seventy ainEtes exposr¡re, despite tùre fact thei¡

teüperature had aot fallen below 28o C.

For the tro subJeets úose teqreratu¡e feal belor zBoC in the

Jast period, the q€an acore after thÍrty-five ninutee exposure on

the blocks test ras Lnproved, shere¿s it ras inpaired efter seventy

nLnr¡tes et$)osure. For the tro bolts sub-tests it res i¡eaired, the

acore for bolte sub-test A being nore effected fron cold afte¡
seventy ninutes expoaure than efter thirùy-fine nínntes. Honever,

for bolts sì¡b-test B, the dLfference in mean score differs þr .!
seeonde, being sLigþtLy hlghêr after 35 ainr¡tes erpoõure. It night

be pointed out that the date for the subjects rtrose terperature

f,elt belør 2Bo C ln the l¿st period is not too relleble, for ttrerê

are onþ tro subjects that faLl. rithÍn thiE cetegery. It night

haTe bêên prêfer¡ebLe to include these tvo subjects.Ín one of lÌl¡e

tro major group6, but since they feAI ln a different category, thêy

are kept 6elxlrete.

For the thirty-one subJects çl¡ose ekin tenperatures fell
beloç 28o C 1n both periods, the deterioretfon scores ere, for the

three tests, greater after seventy ninutes of extr¡oEu¡e th¿n after
thirty-five nlrrutes.

,t,,a:ati.l.

il,!-.:l,ir;;ii?
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Itre frequenefes rith *rtch indiliduaLs fatl in the categories

of n¿intaining theír skin teuperatu?es ebove 28o C, aad those w}rose

skin teElleratu.res fal.1 belor 2Bo C fn both petiods is tested for

signiffeaaèe. Thfs gXves en indic¿tíon of rhethe¡ or not the neans

are a.ffected þ one or tro èxtrêûe cases. only the seventy nÌnute

exposnre.perfod fs teken into consideration, and the Chi Eqrraro

uethod is utilized fu¡ this coq)arison. the resul_te are as follorE:

BLoeks (Lst Category) vs BLocks (3rd 0ategory)

t5

3L

.Ló

a/

ot

lfiã¡.n

CoLd

= 3.9!

= (2.09)2

3.9L
, l*#,' , ,w, , r?åe# - 2.23

hobebiltty of e delriatio¡ greater than 2.23 Ls betneen .LO ard .20.
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b) Bolts sub-test A (Lst category) vs Bolts sub-teet A (3rd c¿tegory)

L5

31

\P = 3.eL

x2 = 25.79

P = hígþþ signlffcant

c) Bolt6 sub-test B (lgt category) vs BoLt6 sub-test ¡ (3rA category)

llot
2.93

1[a¡m 6

6.o7
Cold 3

9-E L5 
= 2.93

* = 5.e3

P - betreen .01 end .O2

hobabflities are significant for the tTo botts sub-tests.

They are not, horever, sJ.gnificant for the bJ.ocks tesÈ, despite the

f¿ct that only three lndividü¿ls heve shifted oyer f¡on a perforuance

12.o7.

2L.93
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score that rûês not lnpaired to one that 1fas iupajJed ie in a colparison

of boLts sub-teàt B with the bLocks test. Horever, it vi1]. be notlced

that the pattem fo¡ the blocks test is Etuch the sane as it is for
bolts 8ub-tèst B.



CHAPTER V

, SI]M¡{.ARY AND CONCf,USION

Ï. SIJMMART OF TIIE EXPERI]ÍtrNT

1. An êlq)eríment ìra6 conducted to deternine the effect of

dffferent conditions of e:çosure to col_d on notor performance -
prinarlþ n.lth the íntention of deterni¡1ng lrhether or not moto¡

efficiency rilight be naintained by applying heat to a loeal part.

2. The oçeri.nent consLsted of three tined notor tests,

perforned r¡nder four condl-tions of e)q)osure, by a group of

sixteen 6ubJ6cts.

3. f?re tests used in the e:qleriment we"e the bl-ocks test,
boLts sub-test A, and boLts sub-test B. These constituted the test

batteII¡.

L. The sfurteen subJects ï¡ere nale University students,

between the ages of elghteen and tÌrenty-seven, and aLl Ín good

health.
:

5. ï{arn and cold hand ruere regard.ed es two ancho¡age points

ln deciding lrrhat conditions of exæosure were to be used. These nay

have two díffe¡ent conbfnations - nêmely narn and cold body.

lherefore, the four conditLons of exposure utilløed were warrn hand -
a¡B body, cold hand - coì.d body, cold hand - üarîl body ênd raru

hand - col.d bodyo

6. the experi"rrentat pl,an oalLed for fou¡ triaLe - one

t' ::: t:: ::



trial under each condítion of e:Ç¡rosure. Each triaL i¡cluded three

presentations of the test-battery. The first presentation was

given as soon es the subJect entered the roomi the second after

thirty-f,Íve ÍLinutes of exposure and the third after a firrther

e:q)osurê of thirty-five ninutes.

7. The experiment uas carefulþ controlled throughout,

in o¡der that an a.nalysis of the effects of the varlous conditions

of ex¡lo$rrre upon performance night be made. A naster pl"an, dra n

up before the actu¿l testing v¿as begun, uas so designed that thÞ

order of rotation'was baf.anced for each conditl-on of elcposure.

I:o an atterapt to eli,uLr¡ate coolíng of the hand at, random, the

subJects with uarm body - cold hand, aud cold body - lcarrn hand,

perforrned both of the bolts sub-tests before the blocks. Hofiever,

for the other tr¡o condltions of exposure, the tests were presented

in rotatÍon.

ïr. DÏSCUSSTON OF RESUITS

The Tests. In the ffrst fou! chapters, the måüÞr in whlch

this investlgation riras carried out has been described, and the resu.l-ts

have been presented under several separåte headings. Ir this section,

observations that vrere nade during the cou¡se of the erperirnent

regardlng the tests chosen, n'1LI be noted l_n the dLscussion of e¿oh

têsf.

53

rhg Blocks Teet. The bl-ocks test, althougþ not as sensitÍve
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in rneasurS:rg diffe¡ences fn the perforvnnces of the subjects due

to e:posirre to co1d, as were bolts sub-test A and B, neverthless

rere qìtite satisfactory. Dêpending J"argely upon finger derterity

for speed of perfornance, motor iÌnpafr':nent due to cold elq)osu"e

r¡as quite obvious.

Having no movång parts, the blocks test was not nechanicålly

affected by the co}i. In addition, the wooden blocks did not

conduct uarrnth from the flngers of the subjects. l?rese factors,

together wíth the sinpLicity of the moverÂents involved, contributed

to qake thÍs test the nost reliabfe Jn t-.Lre batteryo

Bol-ts sub-test A. Bolts sub-test A al-so proved to be a

higþþ rellable test. The coating of the bolts with g\reerj:re

tended to elirninate free splnning of the nuts, and since the test

vlas used indoors, ill "¡ras not affected by eðposu"e to the w:inter

el"enents. The heary metal nuts did., however, conduct qarmth fron

the flngers of the subJects. This sub-test proved to be very

sensLtive, as Smpairoent in notor perfornance lras quite narked dnen

the õubjects were exposed to cold.

!91ts sub-test B. This sub-test had a test-retest reliabiLity
of "flrìJl, "r" tr."; than that for both the btocks test and fo¡

bolts sub-test A. It proved se¡tsl-tive however, Ín neasuring the

rnotor iqrairment due to exposr:rre to.cold. As in bolts sub-test A,

the coli neteL nuts condu_cted r'ørmth from the fingers.

In the event that boih of these tests be used in a futu¡e

investJ-gation, ít night be suggested that this test be separated frorn



boltg sub-test A to better enabl-e the contnol of se::Les effects.
The co4dlLtions of êxÞosure. TlÌe envLromentaL cond.itLor¡s

of exposune ¡rere woll controlled, slnce the lnvestLgation was

conducted Lndoors. ltre te4pe:rature Ln the warm room vr'as nearly 
,,

const¡nt - between 33 and 3h C. The temperature Ln the cold. ¡oar
va¡ried from -IoC to -BoC. The heat5.ng pad.s provl-ded" a constant

amount of heat. Al though our lnve stl"gatlon revealed that, applt- 
..:,.,

catlon of heat to a local- momb e:r heì_ps to maintaln close to .'. 
1

operatLonaL efff-c5.encye neve::theless the pr oblem exLsts of how t:,,,
i:'

much héat 1s requined to prevent extensl.ve dete¡rlo¡ratl-on Ln

perfortnance. It v¡ould be desl-rable to repeat thl, s experLment,

usingdiffenentamountsofheat1narratterættod.eterminethe.
amount most cond.ucLve to maLntenance of opôrätlonal effictency.

111. coNcl,üsro[Ts.

1. lh-e blocks test and bolts sub-test A proved hl ehly
relíable tests. Bolts sub-test B had t&ie lowest test-t:etest
rellability

2. When ùhe data fon all the subjects, under. al_l cond.i- 
.,

tions of exposune wene analyzed., the effects of r4ro s u::e upon 
,,

perforr:rance were found. to be statistlcally sígniff-cant for t he

two exno su¡'e condLtions of cold body-cold händ and. warm body -
cold hancl. 5'or the conditl-on of cold. body -wam hand., the da ta

.-,-i;..i.-:ì1.:itrirr:ta1¡:l: j:,r ;.rr:1,];s¡jir.$;-i''

.2)

showed llttle cbange ln perfonmance.

3, ApplLcation of heat to a loca]. part, 1,rhen the

remaind.er of the bod.y was ex-oosed. to coId, did ¡rr ovent dete:rior-
ation ln motor performance as it enableù the subjects ao *t*t*r 

,,,..0.,,,*
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near maxLmal eff5.eiency.

h. In a comparl- son of the ffu.st test-pellods, ::esults of
tests conducteê in the wa¡¡e room were found to be dlfferent fronr
tivhen they were conducted- Ln -the cold ::oom. It was concluded
that thê experLmental d.esì_gn ob scu:red., Lf pnesent, any ind.ivi_
duåJ- diffêrences Ln the rêspónse to co1d.

5. ?lìe lower the skln tenpe:rature the greate:r the
f.mp a!.rnrent .

6. DutratLon of e4oo stu,e to cold Ls a factor of consider_
able lmpo:rtance in âffectlng the d.eterlo¡ratLon in pe::fo*anee
scor?ês. Deterioratl-on was l-n all cases greater after se\¡ 6nty
mLnute s of ex¡rosure ihan afber tlrtrty-ftve mlnutes.

7 . The longer the d.¡¡ratLon of ex¡ro su¡,6, tlLe lower the
skin tempenatures fell, 

'nt11 thl::ty-flve ¡rinut e s had elgp,sed,
at whl ch tfune they appeaneå to have been stab&ll. zed..

B. Rosults suggest that the effects of eold envL:roment

as used ln this lnve st3-gatf.on wr.thin trre sã/ enty mr.nute, range
of ex¡lo sure are ex¡rIicabla ciue to the ôange in temperature o¡!
the locaL part.
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58APPE}IDTX A

NAT 5COAE DATA FOR BISCTS

gsÞject

Condition I

Tria]. Tr1e]. lrla1
t23

CondLtioa II

T¡la1 I?ia1 Trl¿1
123

u2 rto lob 106 1o3 lo3rL5 lol 95 99 1S5 rI38ó 85 8j y8 Lrl ttólo8 1o7 lot )23 ]t32 J2611¿I Llo l.1o 115 l3O L?5
% 8ó 91 98 98 7Ð2130 128 119 ,J26 L32 ]-35lol 93 92 98 lo2 100116 rc9 t].:z 113 rLó tztJ25 r.17 rt2 ut 1ü L2310ó 1]1 10ó 128 W7 13¿r99 92 10o rr7 II5 ].v
% 95 99 'J3,2 Ja3 LÌ6112 l13 1L5 r0g LzU a2g89 90 88 tL? Lz5 L2Llo5 9t+ 93 ¡O5 -tL? LzL

I
2
3
b
5
ó
7I
I

Lo
11
12
13
l¡
15
1ó

SubJect
1B

Gs¡¡ditlon fIï

hia]- Trlal TrleL
l.23

Condition IV

Trlal îria1 lriå]
L23

95 )ß2 LoB 95 93 l.0699 98 1o2 95 98 95"w 89 98 88 9L 9rrrc8 Itó Lr9 u0 ar9 L2L119 J25 ¡37 rr5 L25 r2o118 loh ro7 Loo loo g2
J.15 122 128 1ùo ùó il¡589 Jþ2 10ó W6 t73 118u¡ r.1ó n8 118 rI8 109l'J¡ arz L22 115 11ù lLó103 ro8 w2 to3 lo? to8
ro? Jß? Loz Llo 99 to2Lt2 98- " 1a2 lo5 95 951U 12r lo9 lro u? L139l¡ 98 n lo? 99 lol¡1.o3 lo8 to6 L20 119 l¡3



. APPgllDIf .{ (continued)

naw scoRA D¡.TÂ FoA BOLTS SÛB/îESÎ A

te

Condition I
lïial 1rlåI

23

Condftion II
TriaL fri¿l Trial

L23
Subject lrieL

1

92 85 85 n 9+ Ito66 6 óð 82 loo lO282 83 B5 7t loL 9399 l.0o l0lr 84 1oZ L18
92 81 Bo 1¿r5 ];96 2ö6ö7 81 77 9L 98 tOO
93 9t lo7 n L22 W9l.0l¡ Lo5 98 t23 138 13867 ó1 ó¿r 77 7b 90n 96 81 10L rL9 1Ar
7a 7\ 76 ó! n t2ó82 7ö öo 84 B3 886y ?1 75 93 97 tLz79 T9 78 100 12b L29
T6 ?7 7t+ 5, 88 9099 9l+ 93 i8 11ó tz9

I
2
3
¡¡
5
6
7
û
I

10
1.1
M
13
l¿t
r.5
1ó

Condltion IfI
ffi

eor¡ditLen Il
friaJ- Tria]. TÌi.e1

92 1J2 L25 n 8¡¿ 6g75 r35 113 8? 8ó ðo73 10b rr7 85 . 93 88ö3 85 ytl 99 n 99n2 12ø L52 96 ato 19676 9t 96 8o 76 78t32 rl¡8 y? 75 úd w9il! LTz L19 u.9 LÐ3 tot¡62 76 _91 96 r.or. 93loo L22 138 98 t8 1ig82 ts2 l-15 tga n 9279?1 7280tu79
76 9L 1o0 TB 70 6976 12o u6 85 Ðtu lo365 99 110 óó 65 6858890wloôs5
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ÁPPEIIDIÍ Â ( continued )

RAÍf SCOAE DAÎA FOR BOLTS SIIB.IE"SI B

Condltion I Corldit1.ôn II
Tri.al. lrla1 Trtal Trla]. Trl¿L Trlålr23123

hó 5bIt? 52tuó8
b8 55
Ø16
bl ,tz
41 ttb
53 69
¡ro b6
50 59
33 55
h6 L3n52
lú ítt28 5tU9 oo

57
53
57
ó8
87
56
53
ó6
50
56
æ
bó
53
57
50
55

lù 52 t+5
lr3 57. l+o
38 39 br
bé l¡ó h5
43 b9 -h7
b9 !o tt5
50 50 t+5

43 46 5t+
35 hl 35
50 ,Ê b2,¡0 35 39
3? l¡0 3b
33 35 39
36 36 bl
36 3ó 3b6r. 58 5b

SubJeet

I
10
11
'J2

L
2
3
,+

5
6
7I

13
1Ìl
a5
L6

SubJeat

C@¡ditl-on Iï CorxålÈion IIf

lrlel Irla]- TrLe1 lrtsl lrf¿]. Trlel
t23123

5b 5t 5e 6U 51 53¡.ó 52 5L 5,+ 53 5337 56 52 39 bô .bl
Itó fß 50 t$ t+9 bóóo52765253ff,
3tt [ó 52 jB b5 ,t25L 5U 5s bI 5iË 525r ö2 7L l,rt 57 55¡ù l+1 b7 55 56 5238 65 69 56 52 Szb5 52 5E lt]. ld. ¡¡t¡jE t6 31 36 ,¡o 38b2 h'l ,t9 jT 3s ho|l3 bo ll¡¡ t¡5 tt? 5tt35 ttJ óJ. 31 31 3759 õz 5L 55 To 55



APFEilDIT A (continued)

gA¡iÐ SXtr ÌEMPÃRATUNES OF TTIE STBJECTS
BETONE SÎÄRTTNG ÀND.AT'ÎER COMPIETION OT TI{E IEST.BATIEBY

Subject I Subject II

'1231¡1231¡Condit. TB TÂ TB TA TB TA TB TA Tn T¿ Tg TA TB -TA TB -TA

N9. e*p. 26 26 32 2L 27 28 28 20 35 35 29 2L jS 35 29 2b35fexp. 3L 32 13 1J 13 29 35 2t 32 32 15 1ó IS 2i y 25
Jot e:qr. 33 33 Ll. 13 13 27 35 22 33 33 ltl 13 JZ 20 35 25

SrbJeet Tfi Subjeet .I\l

35 35 3t 32 3L 33 35 33 35 35 36 36 36 35 35 22
36 35 ló lU 1l¡ 22 36 25 35 32 17 lJ+ U 33 35 22
36 35 l.4 l.3 rb 2L37 28 32 30 15 L3 a5 fi 36 2t

Sr¡bJect V Subjeet VI

20 29 22 L3 27 29 22 23 33 3L 3L 27 3L 31 33 2923 2l+ 1r ? 16 zíi3 t5 32 1z 1S iø ù 2a lo zâ2b 26 I th 17 2232 18 33 33 t¡ 1ó 18 4 j2 26

SubJect VIÍ SubJeet VIII

23 2\ 25 22 28 30 28 33 29 32 33 22 33 32 3L 3r3? 28 t7 12 t3 2032 L9 3tt 33 U 1ó Ij 25 3b 23.28 2ó r4 rr tL 1727 16 33 32 15 t5 n Z2 lU zl
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APPEi{DIÏ A (continued)

SubJect ïX SubJect X

condit. Tn Te E T¿ 1B T¡. Ts T.A. T¡ TA TA 1A Tn IA TB re

llo exp. 3b 35 30 23 36 36 28 2J- 25 25 26 L7 2? 26 26 L9
3ítery. 35 35 20 LB 22 32 33 22 29 30 t3 t3 J2 22 33 ùt
70' çxp. 35 3 LT t6 2L 30 33 23 3t 3L 13 1.3 )J. 22 35 2L

SubJeet lrÏ SubJect Xfi

36 36 36 36 33 33 2)+ ß 3t 32 jL 3t4 33 33 3\ 25
33 33 t5 L5 9 2835 23 3t 32 L5 Lb Jt 2, 37 25
35 35 13 I aL 2835 22 32 32 L5 a2 L3 30 36 25

SubJect XrIf Subject XIT

35 35 36 27 35 36 36 23 36 36 33 30 36 36 35 3635 36 1E 17 28 3333 23 37 37 n V V 2t 3t'z.l
3l+ 3ó rù ù 2L 2833 zb 3T 36 ù tB zE 29 ti 2L

SubJect XV Subject IVI

33 32 26 30 3b 35 34 ?tt 32 33 2s 23 jz 32 jz 3732 32 9 7 W 2236 2t4 32 32 1r tó 15 23 36 p5
32 33 9 7 t2 21 3? 2b 32 32 ú IL )J+ 25 32 23

¡I.8. TB r Tenp. bef,ore

Tj. , Tçnp. after



AFPENDIT E

STÀT IS1TCAL FONMUI,AE
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1.

!.

'l
The Aritbnetlc ltreani

(uhere N is raræ)2

(çnere w( 5o)3

!{: +
The Standard Devf¿tioa or, SD.

a/ sD =lEÅ-
',/NN,---b) " "lZx' ,t*r'

--l--vN-1 N(N+1)

.c) sDore= 6/ffi
(when two snall independent senpLes are pooled) h

3. The Standard Sr¡or (SE) of the Mean (@1.

a). sE = -!3-' llean JT-
(where N fs :aræ)5

1 rarrere t(50)ób). sE =- [een lFïI-
il. The Standard Ertor: of the DLfference betÍeen lÍeans.

a) dtr, oRdr-Mz=ñGJ¡;G-
,

(fo" uaeorrêlated means, nhere N is large)'

1 ,i.E.*tr"tt, Statistics in Psychol-ogr and Ectucatlon, (third
edition, NeÍ Tork, l,ongüans, Green ênd Co., 19117 )

2
lþ&L.r P. ó2.

3
Ibid., p.189.

ir
Ibld., p.2Oó.

5- I¡id., p.18lr
6

æ', P'L89
7

&E'r P'198'
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APFENÐXI B (Gontiaued)

b) "¡i ñ_/ I'lr l¡e

c) D:

o
(for correlated ¡¡eane )'

5. Tbe critLcal Batio.lo

Cn : j- (nhere D = lÍr - lÍe )ñ-

6. the CoeffÍôient of Correlåtion.

a) r= ñre-lTìlr¡\

@
(vtrere N ls :arge) U

b)f = r -

611

(for snal.l independent 
"o'nrl"s)B

(n?rere D : rank-dlffe rence
tn X and T)

(where N ã fo)12

E rniá., p. 206.
t g., n. 2o9.

10
IbLd., p. L99.

o @, n. 2n.
* g., n. 3b5.




