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i. THE PROZLEM

8
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The general problen to which ws ssek an answer

whether sxposure to severe winter conditions aifects motor

performance, and if =zo to what extent. The genersl problem
has a wmore practical side in that it is desivable to know
to what extent the individual is incapacitated in earrying

out & manusl bask under cold weather conditions, eguipped
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persen more, or less, aifestsd than the unskilled? These

2

are sone of the guestions which we ghall atitenpt to answer.

S

vractical peint of
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They are important guesstions from a
view, ond their answers will have a bearing on the methods

o
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Fig. 1 - Test Apparatus
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The @%ﬁ@ series of tests, adwministered ait the
University of Manitoba provided z control on the effect of
weather, and supplied relisbility dats on the tests which
could not be dorived Trom the original material collected
at Ft. Churehill.

In order to control the same ‘series' factors, the
rotation patitern a@ﬁ@fzﬁ 4 above was ﬂ@taiu@& in the
University & xa@rﬁﬁ « Due to ithe 1i@i%aﬁiaﬁs of time and
the nunber of subjects avallable, only eighteen iandividuals
were tesited here. Thls change aliered the original vatisran
to the numbers performing the three
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ehill experiment the Fipst named order was adminle

retastes were adninistered to the Univeridlly au 25 gets under
two of the thres coanditions, viz. B and G, ?n%se are the
two basic test conditions; the 4 ﬁiéa&tﬁaﬂ mersly adds a
ecombination of variable weather factors to B. The purpose
of the yetests was of course to &@ﬁzv@ relisbility corrye-

Y

dations for the tests under the twe conditions whish wers

identisal in the winter ant summar situations. 1t also

gives us sdded information on the sxtent of practice effscis,

The third series of tests was conducied on a group

of military personnsl @?yagaﬁ in elothing trials carpidd oul

by the Dirscitorate of Inter-Service Development in the

&



.

visinity of Fi., Churchill, It was origlnally planned te

adninister tests at intervals of one-half hour over g thrssge
hour pesriod, this repsated for ssveral days. Thse nsture of

the sublects'® dutlies, however, psrmitited only two tests on
any given day. The first, administered in the morning, was
designed to give a measure of thelr performance under normal
condltions of minimum giress. The sscond, adninistered
after two to three hours exposurs to the wezather was designed
to measure the offect of the outdoor condl tions. In fset,
however, the first trisl of the day proved to be the "stresse®
gituation, as the subjests generally reported a more comfort-

able and warm condition after the outdoor exercise than they
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 experienced on esmerging
This dld not however, essentially change the design of the
sxperinent, but only the trestment of the date,

Unly the heavy bolt series was used with these
subjects, and one trial on the series constituted the test.
Ag all equipment had to be hand-hauled on toboggans, it was
not feasibles Lo carry mors. |

Administration of the Test. The itesis were adminie

gtered in the same way to the ¥Fi. Churehill and the University
subjiscts.

Before heginning, the subjesct was permitied a practe
o] b o

f}
o

ige turn on one bolt in each series with the mitt only in

£t
o]
St
o

order to give him ths "feel™ of the test, and as an ail
sommanieating to him what was reguired. Ho practice was

given with the bare hand as this is g fanmiliar sunough



mgw

operation, and lasking the complieations which the mitt

m-r:

ig not clesniy withdrawn st the end of a turn, the nut has

a tendeney to turn backwards with the return twist of the

&

haﬁﬁg He was instructed to enploy as far a8 possible a
deliberate turning action, using the thumb and fingers, and
te avold fﬁiiiﬁg the aut down with the snd or side of the
miti. Hs was warned egalanat trying to mske the nut spin
fredly with a flip of the hand, but to keep it under control
of the fingers at all times. It was suggested that he try to
‘m%iﬁﬁ&iﬁ & congtant turning %@@hﬁiqué, Little difficulty

was experienced with the subjects in this regar
3

o

dzeh subjeet was 1o start frowm the side opposite to
his preferrsd hand, and ss all tested wers right-handed, all

s

roceeded from left Yo right in sach saries.

o

Pale

} Fts Churehill Group

Preceding the outdoor test, in the winter experiment,
g ninimum exposure period of fiftesn minutes was required,
During this period. the subjeet was kept in a relatively
insctive standing pesition, He was not permitted to pace
about or to shafe his hands or vody. He was allowed to
smoke, and was generally engaged in conversation which
effectively discouraged more vigorous physical activity. It
was contrived to have the subject stand clear of the sheltar
of buildings so that he should have the full effest of the
wind, 1f the subject had been engaged in some outdoor

activity prior to the test {driving, vaikgﬁgg ete. ), even



if such activity oceupled considerably more than the
minimun exposure tims, he was reguired to stand another fivs
miavtes befors begluning. This was considered necsssary
begauss, from our own experience, sven a relatively slow walk
im;ﬁaavy aretie elothing produces considerable body heat,

in those cases where the subjeet's inside test

Tollowed that outside, a warning pericd was given before the

o

nside test was started. This gontinued until the subject

ot

reported confortably warms, usually about bten minutes. The

test apparatus was alse warned and dried by = stove so thai

no frost or moisture renainsed on the meital parts. This

was eagily accomplished within® the @@?i@& required for the

subjects? warning by plaeing the apparatus on top of a stove.
Between the bolt series il.e., beltween H and M, and

¥ and L, 2 rest of thiriy seconds was permitted, and between

adjacent bests indoors, with wmitt and with bare hand, a resi

of one minute. Iuring thsse “G@lﬁd@ subjects used any msans

Vthey pleased to limber or relax thelr arms,

ii)_University Group

The test was adainistered ia precisely the same
way to the University group on the two inside tebts.
Pregeding the ocuitdoor test, however, there was no exposure
pericd required. %hile this conirol eould be criticized
for not reduplicating the exposure periocd, if was elt that
the outdoor conditions wers not sufficlently different from
indoors to affect the subjecis? a@mf@fﬁﬁ it 4id not seenm
sufficiently important to warrant detainling the subjectis,

particularly as all were on jobs, and had a limited finme



to give %o the test.
The time betwsen indoor and outdoor trials was the
interval %f three or four minutes necessary for transporting

5

the test apparatus from one situstion o the ol

 original group.

B.1.D, Group

Only the heavy bolt test was sdninistered o the
Dodoit, subjects, as indiested in the previocus ssetion,

fustruetions given the subjsets wers the sasie, although no

x

practice turns were allowed on the initisl test, For the
first test of the day, ne preliminary exposure periocd was

¥

required, buit the test was given as soon as the subjec

<
el

went outside, The second test was given immedistely on re-
2,

turn to the camp after the morning's exercises,

Conditions under which Testa weare Administered,

1} Et, Churchill Group
Gn the indoor trials at ¥4, Churehill, all tests were
conducted with the test apparatus placed on o Fir: table of

2

doors, conditions were not guite se uaifosm,

ﬁ‘m

standard height,. Ou

it the location where seventeen of the subjects wers tested, a

L )

@%ﬁﬁh wgs used which was within an ineh of table height, and
i raly set. The remainder of the subjects worked on = backing
case outside which was four inches lower than the tsble ussd

5 5

indoors. This might conceivably have inereased the cutgide
scores of these subjescts, although the lower suppert 4id net
peem te of fer any additic ai'ﬁiffigai%y, and thers were no

complainte that such was the case,



it might be observed here alse that the larger frame
{for the H series) had = base 14% thicker than the gmaller one.
This was necessary to sccommodate the large heads on the heavy
belts, and in any case should uot heve any bearing on relative
performance, since the added height was a consbant factor on
the hcavy task,

it was remarked that in the outside situstions the
bumpy trampledesnow %ﬂé@rfaéﬁiﬂg might also destract from

‘ormance. Our own experience sonvineed us that such was

ey
gﬂ*
i«“g

not the case 4o any noticeable extent. The tasks sre light,

i
=
<
]
Pt
<3
frobe

o
ot
tete
o
o
et
®
o

sody wovement, so that a good footing is not

It was the practice to place bﬁﬁ subject during
test In sush = position thaet the wind was sither broken by
building or taken on the subjectls back, so that he had
elear vision, and the danger of frostbite was removed, The
desp parks hood provided » good sun-ghade, and sinece the
test apparatus is of a relatively dark ceolor, the effest of
sunlight reflected from the snow was %ﬁﬂimizeﬁg

&

inerease the difficulty of the task by lodging in the threads
of the boltis, a&ﬁ'stiff%miﬁg the aetion of the parts. In
the twe instances where blowing snow was bresent Lo any cone
giderable extent, however, we could obaerve no such effeect

2,

when we reset the nuts for the next trial, and subjects

remarked that they could deteet no difference.
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1% seeme unlikely that this faet in itself 1s of any pragie

ieal imporiance, sinse all used ihs 33”@ model parks and nitis,

#

and since the latter are made in only one size.

€‘?"

cor trisl at ¥i. Churehill,

8;'“‘

in the easms of the i

w
B

the University subjects were permitted tec wear ithe parks hood
shrown bask in both the indoot and outdoor tesis. The ressons
are the same as those whieh apply te the indoor trial a2t

P4, Churchille

111) D.L,D, Group

Test conditicns wepe least well contrelled in ihe
esse of the D.L1.D. trials. It was the practice %o piace the
frame on o suall wooden chest ledged firmly on & shelf of
anow blocks or & snpw sunbavkosnt. &8 the test tean moved
camp freguently it was possible only once To use the saune
loeation for testing on twoe successlve aav%, Under these
cipreumstances it was difficult to mainialn unl forwly com-
foptable conditions. A stenderd nitt was used by all the
subjects; a plain 1 atﬁ%f mitt with an iéﬁ%ﬁ Tinger compalit-
ment. The finger compariment was not uged, as it sssusd to

no advantege, and even s hinderanee on the smaller aubs,

i) Fi, Churchill Group

F

The twenby-four subjects used in the Fort Churshill
experiment were all nale civilian personnel smployed at
Egﬁsﬁpia we vigitors to the gamp. In terms of @ﬁ@&;&tiaﬁ
they za@lﬁﬁ@@ the sdminliatrative and affice staff of the
ILaboratories, msintenance people {mechanics and general
autiss), Laboratory technielans, seientific observers and

wesearsh workers. L1n terms of northern experience they incglude



olde

those with a Few days residence, and some of several years.

workers, to several hours ln the cass of mechanic-drivers.
They are & heterogencous group, ut with few sxceptions have
nad little specialized training in necharieal skills,

ii}) University Group

The eighbtsen subjects tested at the University
ineluded seven academic people, seven skilled workers)

P

meshanics, machinisis, and radic techniclans, three dairy
employees, and one waskilled laborer. On the whole they
eonstitute = more mechanieslly skilled group then the ¥,
Churchill subjects. Liks the %, Churchill pesople, they were
2ll volunteer subjects,

1ii) Dei.D, Group

The D.i,D, test subjects were all military personnel

a

@gc@ﬁt two eivilian observers, and ¥without exception %ﬂéy
possessed no technical or mechaniesl training. At the tine
of testing, 21l had had about four weeks indoctrination in
the Army Sehool at ¥i, Churchill, a considerable amount of
guch time belng spent in outdoor exercises and in living oube

Goors in tents,

Einds of Usta Collected, in addition to time ssores,

s

records wers kept of the westher conditions at Fi. Churshill

which preva iled ot ths ting of testing. These ineluded

temperature, wind velocity, anl wind-ghill fastor: also such



] B=

special eondltlons a8 sun~ghine, and the presencs of blowing

snow. Subjestive feelings of cold were also noted from reporis

fatigue, and a running resord was kept. A short persocnal
higtory was taken, which ineluded informstion sbout the gube

jeet's pecupation, the length of his experience in the north,

';

and that part of the day normally spent cut of doors.

4%t the University, the same kind of meteoroclogical
data wes noted. There were no reports of subjective feelings
of ﬁ@lé teken of course, and in all cases the subjsets found
the outdsor situation conforiable. Heporis on faitligue were
taken as in the case of the ¥Ft. Churehill subjests.

During the D,1.D, trials, wind veloclty and tempere
g time of tesiting, and 2 single fatigus

report was tsken at the end of the test. 4 cold report was

alse recorded for each testing.




CHAPTER 1I

BACEGROUND LITERATURE

he effects of exposurs to sxbress celd sonditions on

&

human functions and bshavior have merited a good

de

d
ie attention in recent yesrs. The need for information of

b il
vhis kind was made urgent during the 1839 » 1948 Vorld ¥

&

;
when the United Hations were faced with the necessity of main-

&

Emiﬁiﬁg operavional fronts in aretlie weiers and territories.

&

The governments of the United States and Grest Britain have
w3

&

been pariicularly setive in this kind of resesarch, apd since

5

the snd of the war have continusd an secelerated program of

iﬁﬁ@m%ig&@iﬁaa A great deal of this effort has been directed
towards problems of a pursly physiological nature, and the re~

-sults of these, in addition to their value to medieine, have
nad an imporitant bearing on the requirements of rations and on
the design and construetion of gh@i%&fﬁgvﬁlﬁthimgg machines and
squipment . + |

Psychological problems have received a share of attenbion

5

in these investigations also. Twe broad aress of ingulry can be

digbtinguished: ithet which is soncerned with changes offested in

R

3, *,

the whole personality by continued exposure Lo ssvere cold: an

temporary disturbances of a psychophysiclogical nature effssted
by relavively short periods of expesure. It is o this latier
category, ol course, to which the present study bslongs.

1 A
See Bibliography, articles by Gagge, Plerce and Rees, and
Roth and Gabrielson.
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It is difficult to evaluais the work which hag been dons
on these problems, as the available literature on them is go

sgant. There are two reasons why this should be the ecase. In the

iy guarded to some degres for security reasons. The gegond

b
B
o
o
b3
&
g«a&
finst

reason is that many of these studies are of a long-range ordsr
and continue over & pericd of y@&fag 80 that thelr resulis are
slow in resching the stsge of publieation. This fact was con-

o

firmed in recent conversation with the writer by Dr. H.H, Yack-

5 e 2,

worth of the Lambridge University Laboratories, where the
greater part of such lovestigation Ils surrently belag carrisd
out for the British government,

An excellent survey of published rssults in this fleld
(up to 1947) has been provided for us by Macdonald Critchley.®
Digoussing th 16 effects of short exposures te cold, Critchley
remarks that these have rarely bsen ﬁ&@ ohiset of psyehonmetric
study, A noteworthy exception which he ¢ites are the iwporiant
imvgs@iga%ieﬁa whieh T. Bedford has conducited on ths effect of
lowersd temperatures on efficlency, as mensured by the rate at
which subjeets are able to zssemble the links of & bleycele chain
In %this case, extrenss of eold were not included for situdy, and
differences from room be smperature weres relatively small., Hevezne

5

theless, he found significant changes to ocsur in dsxbteriity.

2
Mo Critehley, “&ffects of lem&%i@ Hxtremes?®, Brii. J. Industr.
Med,, 494%, 4, p.1l64. | |
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4 drop in tesperature from 78CF to 889F for example, vas

aseconpanied By o 1287 inerease in time reguired for the task.

Armgtrong and Crow have deseflibed disturbances

Q;é,l
[
Ity
emnilﬂ
s
&
2 5
o
o3
o

sud intellect whieh oceuy in alrmen flying at high alititudes and
which ars sseribed to cold.

4s a part of a larger study, Dr. Mackworth nas recently®
gondusted field investigations 2t Ft. Churchill on the éiz@ﬁﬁ of
short exposures to cold on taetile snd kinesthetle funetions.
The regults of these ars not yebt published.

Very nearly all of the @@y@h@meﬁriﬁ studies of cold which
%&?é been undertaken to the pressnt time are the produst of the

cold chambar. The fast that so little has been attampted in-

51 ¢ i 5 . iz essentially = pilot

study. Tae @f&mmﬁ we are bresking has remained hitherto alnmosi
untouched. m%ak@&g the precise feellities for sontrol which the
laboratory enjoys, we can ascarcely expset definitive answers to
the guestions we pose of the samse orvder which thoss eontrols
would pepmit. The value of & field study lies, quite apart fronm
the precision of its results, in the issues 1t opsus, in the
sugpestions which 1ts resulits make for fubturs investigation, and

in the new problems which 1t msy chancs to uncover in the pragie

ieal situstion. The sure for its crudenesgs is repetition and

éf,s@

Japnary to Mareh, 1848.
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CHAPTER 11X

2. 4

4l1 the raw data obiained on the twenty-four subjects
tested at Ft. Churchill is ineluded in Appendix A, Here the

&

Yaw seores appear in the order in which the corresponding sub=

s
]

tests wers aémim‘gt@:%&e The order of conditions under which
the tests were given is also contained in the legend. In
addition to seores, data is included on the ceeurencs and degres
of fatigue during the test, and the subjsctive esld repori:
elso a ratlng of each subject for acclimatization. (Veather is
described in terms of tenperature, wind veloeity,and wind ehill, )
igue, subjseitive cold and seslimstization are
dés@ribadg and the methods by which they were quantified are

explained in the appreopriate places in the text,

ii) University Group

Appendix B contains the same kind of dstz for the eighteen
subjects tested at the University. In this casge of course, cold

reports do not apply, nor the allied messures of egposure time

£

and desgree of scelimstization.

i11) D.1.3, Group

&

Raw data for the D.1.D, test group is summarized in
CAppendix U, Scores are given for sach of the two tests given

#ach day, ap ¢ also scores on the indoors tests which were
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1EF
betwesn the means which are observed in the Fi., Churehill dats in

the case of the H, ¥ and L tasks are 41.04, 77.79 and 55.85 re-

spectively (Table I}. 4l ars inerssses in the mitted a5 agsinst

(Ké

o0

1@& SlgﬁiTE&%ﬁ cg of the differvences of the means was
esleulated with the following resulis®;

i) E Tasit

%léﬁiﬁﬁ ingide) = 99.54 BE ¥i= B.93

%Z{.E@ ra-hand ) w BE, BG 240 Zﬁgm 2. 82

1

Differencs 41,04 BE D = 6.60

UB= 6,85, significant above .01 level of probability

b
e
The SE D was caleulated on the formuls for uncorrelatsd means

{88 D= /38 Mf + SE M%) in each of these three cases, instead of

that for eoprelated means ( 8% ﬁﬁfmm T% + SE M8 ~8p o SE M1 SE M)
- which, of eourse, these are. This would not have wmeaning fully

changed th;ﬂiﬁﬁ&fﬁg howsveyr, siace @%@ &gffaﬁ@ﬁ@@s alresdy

@%ﬁaiﬁ%&apesmﬁﬁﬁiﬁ@ the limits of the tables publighed,



il) ¥ Test
My (litt-inside) = 126.20 SE ¥My= B.R3
fﬁg{}ﬁf%f 8”}:}%{%{}. } = éxgge %%;3: 8% Egg‘z« i ® Q}L
D = FY8 SED = 8.44

iii) L Test

My {Mitt-inside) = 32.58
Mp(Bare-hand) = 26,75 82 Ha= .88

CR = 9,16, significant above .01 level.

In all three cases, then,we have significant differencse

g, P sy B s s B e P ;,.,14'.5;' T sewesm wrend T wmd %4 % 53 b T E
beyond amy question of doubbt: all are well within the .01l lsvel

of probability.

ﬁw%‘?iff@r@ae%w in Test Scopes Dus te Ixposure.

5

) ¥te Churehill Group

it

Tus differsnce in nean seores effected by exposurs to

westher can be shown by the same procedurs as wae employed with

Haking use of the differences of the means obiained

teingide and Mitt-outside conditions ai Fi. Churehill,
we have the following differences which are attributable to %ha
effsct of exposure {from Table I).

H =« 15,17, & mean incresse over the inside scove of
13,2 per cent.

M - = 16,87, & mean inerease over the inside score of
13.3 par cent.

L= = 20,358, & mean ingresse over the inside seore of

24.7 per sent.



2 . €

The dAifferences here are not as substandtial in tern

B

2

of per cent ineresse on inside scores as they were in the

gompariscon of Inside-mitt and Bare~hand, Iin caleulating their

significance, the formula for correlated means was used.

My (Mitt~outside) = 112,71 BE My = 6.49

o
]
#
fies
®
=g
&

s (i tteinslde) = 99.54 B Mo

D = 16.9 BED = 4,85
GR = 2,71, significant at leas than .02 level.
i1} ¥ Test
wy (Mitt-outside) = 143.1 85 My= 8,89 ,
Tio = o864
Yg(Mitt-inside) = 126,82 SE lige 5,08

D = 169 BED =

o0
™

00
b

0GR = 1,80, significani at .10 level,

&

My (Mitt-outeide) = 102.9 SF M= 4.91

2

ip = .67
Ho(Mitt-inside) = 82,6 SE Mg= 6,02

&

D = 20,3 830D s 4,89

CR = 4,72, significant at 0L level.

K3

The L test, then, shows significant difference i

§i§
=

Ma

seores betwesn the outside and inside trisls o 2 very h

7
level of probability. On the H test, the group is also

affscted
by the weather conditions $o 2 signilicant degree, though we can~

not meks this statement with the sane dsgree of assurance 23 in



the case of the L test. Taken by itself,the difference shown
% 3

on the ¥ Lon res

gituations in terms of "weather® conditvlions, consequently no

gignificant differences between msans should he expected, Relow

are mussng and %%a@ﬁ&fé errors for inside and outside scores

for sach of the thres tests.

M (Outeide-Mitt) - 78,32 SE My = 2L.70
Yg{inside-mitt) = 75.40 87 Mg - 81,07

j
St
gt
i
3
i

«

ol

Hy (Vutgide-mits) » 98.16 B& My = 31,09

%ﬁg{éﬁ”@ﬂi da-u 4{;“’"; = 94,44 g3 ;ﬁg - BE 0B

B5.73

&

# :5%%3’ i Eﬁszﬁ

&
pl
m g
£
f“l
W
o
B
¥
i
St
g

Ingide~nitd) = BE.AT

m

SE Mg = 11.70

Differences here are so obviously insignifieant that
a formal computation seens superflucus, exespt possibly in the
case of H, where r» between Inside-miti aad @ﬁ%giagwmi%% is
very high., Here the significonce wag compulbed:
D = 2e82 " BED - 2.14
CR ~ 1.36 ' P .30

proving this difference iuasignificant also.



The Belation of Gunjective Cold Reports to ﬁ@?f@ iz Ralelel
An American Army report has suggesited that % vior
observed in the *“Fox-Hole® Study has mors relation 4o subject-

ive reports of cold than to objective measures such as skin tem-

gm

perature. Ve shall determine whether sueh is the ease in the ant
and bolt test.

i) Ft. Churehill Group

The ﬁaéﬁﬁﬁﬁs were divided into thres groups according %o
thelr reports of cold. The "eold® gf@&@ included subjeets who
reported cold to the extent of o total of thres points or wors

the rating seale in the two raitings given, The #glightly
eold® group reported cold o the extent of a total of twe points,
and ths @ﬂgﬁ cold™ group reported no appresialble cold; a zers
rating. {See rating scale in Apped.)

The differences between mesn scorss mede on Lhs @atsidéﬁ
ml st amf Inside~mitt tests for the three groups ars gshown h@l@w;
Lgch differsnce is alsc shown szs 2 ver cant inerease on the
inglde-ni tt mean score.

*Cold® (7 subjests) H M L

Difference Out/in 1B.8 27.0 20,0

% of mean In scors 14,1 15,0 2Le6

®glightly Cold® (9 subjects) X M L

Difference Out/in 7.9 20,9 15,9
% of nean In score 20.0 17.8 1%.8



BT A 5 S f e 3 gy B g % X
Hob Jold¥ (8 subjsstsy H i L
M ifersncs Out/In 8,8 200 29.8
53 e, w., 5 e F B e B “
% of mean Iln ssope 7eB i, 5 21.4
On the ¥ test, thers appears a direect relationship

[ 9 i
3

betwesn sublective report and

3 . { g gt o g Yo o 5 v 4 E? TR o T 3 i PO r it N E g
deteriorste in the ocubtside Lest to the extent of 19.0% of their

mean inside score, The Talighily cold® deteriorste by only 1%.6%

E)

k)

%
and "not eold® by 16.5%. 1n the btwo other tests, however, this
relation does not obisin. On b

the H test, the %cold® detericrate

tess than the %slizghily colds
(e

o
&
-
&
ol
o
paa
fe
o
@
gt
sl
L
oy
b
i
&
i
=)
G
7
O

severs effect than the *nmot cold®., On the L test, the perlor-

manee of the Yslightly e0ld¥® suffers less than thal of the Teeld®,

gstatanent.

ii) D.i.D. Group

%

It must be polinted out here that the cold reporis taken
on the D.1.D. Subjects received a different treatment than those
taken on the ¥Ft. Churehill group. In the lstiter case, ratings
were aseribed,on an shsolube secale. In the case of the D.L.D.
group, on the other hand, the ratings represent a comparieon
between the subject’s fselings at ouse time with his feslings at
another, with no reference to an absslute judgment. An sguiva~

lent rating might havs been given the ¥Fit. Churchill subjects



; o 2% EQTAPTT O QT g . ¢ P P Q. N 3 wails osd A E 3o 22 5
eolder on the insids tsst ag conparsd to the ouitside Teet¥.

seores on any day with thelr comparative feslings on éaa segond
of the twe triszls. Test scorses were divided inte fives groups,
secording to whether subjects reported “much warmer” { w4 }y

%y 1itile wermer® § + }, “slightly colder® { - }, "nuch colder®

i
{ == }, or Fabout the sane® (0} on the sscond trial of the day
g

X2 i B b ot ol
as comparsd to the first. I
i2d in the differences belwsen the mean ssores obtalned

Differences in nmean scores pn the twe trials are shown
below, Logethsr with the mamber of subjecis in each group.
B % i - e
o {two trials) «30.0 =T =%, 1 8.0 +6.0
57 10 2? b2 i

o

The differences in mean scorss are expressed positively
and negatively to indicste the dlresetion of the changs, A
positive gain means an inerease in score on the second trdal;
s negative galn msansg o decrease, |

The general direction of the results indicates mone

correspondsnce betwesn subjective feelings of cold and perfore

monscs. Those who Ffelt colder on the second trisl nsde poorer




gongLsLens, nowsver, Those subjects who reperted "much colder?

3 [ S VP ) - vy iy e ot B, " T S T N s N s £ W . 2B 3
did not lnsrease in score as mush as those who reporied %slightly

& T . o o
colder®, Also, there ig a subsStentiasl improvement in the scores

state. The faet that practice operates te reduce scores way
cerates o
and to deersase the differences evidenced by the %eolder®
subjscts,.

e g g g £ 4 e - N PV . . X
“he offect of Acelimetization on Subjiects gm fferences

t iz commonly supposed

R S I PR 2 4 x: - P n g o & sy o l : P I 5, % ‘ 3
thaet iLndividuals who have been scelimstized &y conditioned to
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ively unacelinmatized., The group was divided seccording to rabings

-

based on the length of time which the subject had resided in the

these who on the average spent more than one hour per day oute

doore, and had been residing in Ft. Churehill for more than one

o 9

3

month., The engsuing divisicn resulted in fourteen subjecits
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belng assigned to the *more acclimatized® grow

@

the *lesg scclimatized®,

repregents,

“Hore seclinatizeds

£

ut

-3
&
2

&
o
s
e

in 103 ilg 80

a & i35 15
%  Iiner. 8.5 10,2 18,7
iess acelimetined™

The sigaifﬁeamga of the differences beiween the
differsnces {(d's a%@&@} was ealeulated. The differences
which oeeur in the H teat are the cues most nearly approsche-

g'«g

gm!*e

Garretits ﬁ@a&@é for small independent samples might have
been used here with Justificstion, This would raise P 0
about 9659 See H.Z. Garrett, Statisgtics in ngeﬁalgggm@a%
,ﬁm§a$ L {Bew York: @&mgaa@ﬁ Green & COepd0d7] Do 2048,
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Mg = 22,6 - 7.8l
d = 158 SED - 9.58

aAlthough we are not justified in placing conf
in the difference of the differences besiween the twoe groups,
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The Relation of

¥

The effect of objective cold was fave estigated by the
same technique as wag enployed with sulb bBleetive cold. The 74,

Churehill group was divided in two on the hasis of the tanp epe

atures which obtained during the subjeeta? culdoor tests,

&

Those tested at =119F and below constitube the #eolder sondi-

tions® group, and those tested at =109 and above constitute
the "milder conditions® group. The £irst group contains
t@%r@&aﬁ subjeets, the Sé@@ﬁé eleven. The unequal division
resulted from tisd conditions at the ecritisal tenperature,

The particular figure of «11°%F was chosen simply to give

?3{;
@aﬁo

approximetely esqual grour

Below are shown the differences betwsen nEan seores

s

on the inside and outside tests for the two groupsy alsoc the

£}

fofe
@
Yoy
P
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per cent deteriorais which each difference represents, on

2.

S » s oL & . 2 P
the basis of the insids seorss, |
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The Helation of Subjests! Proficiency in ths Tesis to

A

Changes in Performance Dus 1o ixNposure,

i} Ft. Churehill

st

Is deterioration of performeance on thesse tasks related
te the subjectls proficiency in then? Since the tasks are not
highly related, different subjects may be proficient in diffe-

nte

é—wb

rent tasks, therefore, subjects wers divided sgually
#proficient™ and *"non~proficient® groups on the basis of their
inside scores as judged by three criteris; thelr inside scores
on the H, ¥, and L tesis, Differenses between mean sscoles on
the inside and outside trisls were then computed for the

Fproficlent™ and funoo-profient? groups.

i

Judged by the eriterion of insids scorss on H, ths
mean differences in scores for the two groups are presented
below,

Gﬂiﬁeﬁ;@m of Froficisney = ¥ {eritical score 98)

Proficlent Subjests ~No's. 1,2,3,5,6,8,9,12,14,17,18 ?é)

Prof. Hon~Prof,
Mean & H 17.83 8,50
Out = in ,
M 34,80 1.66
L 2i.43 20,16

Griterion of Profieciency - ¥ (eritical score 125)

{Proficlient subjscte~ Nods., 2,4,5,6,9,12,13,14,18,1%,18,
Prof, Hon=Prof,
H 13,00 136 53

Mean 4 _
Out=in B 28,88 5.58

L 26.412 15. 16

Z

Y

P



proficient and non-preficlient in

of proficiency are the

By,

degree than do the lessz prof

ineide M and L itests respectively,

act 1s that the profisient subjects

oy = L {critical score 76)

{Proficient subjects » Ho'9.5,4,5,6,7,9,18,13,14,17,23, 22}@
2rof. Non=2Prof,
H 8,91 17.41%
Hean 4
Dut=1n M 18.41 150?5
L 1.41 10.16
Sunmary of 31"f@f@ﬁg@u
Profe = riterion of Prof.
Hon-Prof,
g i i
H God33 = 33 = 8,50
M 30,83 23,060 2.68
i 1.2 11.28 231,35
With only two sxeeptions, viz, the differences bestween

B

the test when the criteris
the

dsteriorate to a greater

iecient. It will be noted from the

summary of differences above, that when the eriterion of pro-

ficiency is score oa the L test,

aigso on that test. Similarly in

only exeeption is in the H test.
giengy is the H test scorss, ths
exhiblted on thse i test,

Z
1@ﬁw@rgh’§ in
@ﬁaﬁv = .ff or 2%

roficient in L, The prof ficient

ia only one instance, viz. between M and L,

the greatest deterioration is
the ease of the ¥ tegﬁg The
‘Wher the eriterion of profi-

greatest deterioration ig

the pr@zieianﬁ group appears to be a matter of
zample, those proficient in H are not necessarily

groups are gignificantly related
where Chi-sguare = 6,
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A similar enguiry of ths effect of & stress situation
on proficiency was conducted on the resulis of the D.1.D.
testing. 1n this ecase, @ﬂafig eney was judged on the hésig of
seores nadse in the non~giress situstion. |
Ve have previously indicated that thess subjects were
given two trials on each tesiing day., The first, or morning
trial, was adninistered when the subjects were First out of
thelr tents, and were €$m@&ﬁ%ﬁ3V@l? stiff and ewlﬁg The second
trial was called the “uon-stress”, gince immedlately before
it the subjects had hesn @mgmga& in wigorous physieal sxercise,
and were comparatively warm and comfortabls. The subjests
were classified as proficient or nou-proficisnt on the basis
of thelr perfornance in the non-stress siituvetion w@ia& seeurred
in the second trial on %aﬁﬁ @; three days. Differences bhetwsen
the siress and nopn~sitress Sﬁﬁf@% are hased on th@ averags &4iff-

srences shown on three daye of testing.

Ew

i} ﬁrafiaigﬁ@y based on "Non-8tress® Trial, Day 1
(Proficlent Subjects, Nos. 4,5,6,7)
Prof. group (M &iff. in scores)  ©.1

Hon-Pref, group 7ed

ii} Proficiency based on "Hon=S5tress? Trial, Day 2
{(Proficient subjects %aﬁae 3,4:.5,9)
Prof. group (M 4iff. in secores) 10.4

Hon-Prof. group 6.4




~4.0-

S W Y
were the same)

The sbove results econtaln practice ef

m&
&

possibility remains that the proficient group obtained %
most benefit from praetics, As a check en thisg, the §ra@t§@é
effect was removed in the following way. The difference
between the stress and non-siress scores is abtlributable to
pragtices &n& the stress sffect. If we compute the differsnces
shown on successive itrials bebwsen stress and non-stress gl f=
uations, and compare the differences with those oblainesd in
going fron s non-stress to a stress situsiion, we can rescve

practice in mush the sane way as we 4id with the F4. Churchill

]
Lo

y S sids . 2
al ag the firsgst ons of

Wa

data. We have defined the stress tri

§m§e
g
s
@
5

sach @éy; In the case of any given subject, the trans
from the second trial on one day to the first trial on the
following day represents a change in the non-strsss to siress
direstion. The second test of the pair will, in effect, be
inereased (i.e., made poorsr} by the stress factor and reduced

3 e

{improved} by practice, Ws can represent the difference

3.

betwesn the two scores then as y = %, where y is praedi

]

& and
% i stress..

The &ifﬁ%rwiﬁ% botweesn subjscts?! scorss on the first
t?ial of each day as compared with thelr scores on the second
represents a change from siress to non-gtress., This differ-

ence can be gsymbolized as ¥y + X where practice and stirasss
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Subjects were Tirst divided into proficient and non-

proficient classes on the basis of their

»

eraencs in means betwesn thelr ssocond an

,,

third trials, and
helr fourth and fifth trisls were computed and equated %o
¥ = %o The differsnce in means between trials 1 and 2, and

betwesn 3 and 4 were equated Lo ¥ + . The equasitions were

N
then solved as hefore, for both the proficisnt and non-profi-
scient subjscts. The resulis sre shown below,

Proficient (Subjeets 1,4,56, and 9)

3 (=3 it
P tice - L1, 8%
Stress - H.6%
Tl T e & LAY §

Hon~Proficient {Subjects 2,%,6,7 and 8}

Proeotice - 2 G
Stress w L.5Y% T

The Tindings here confirnm those on the Fi. Churehill

2

group; the proficient sulfer more fron the intreduetion of

stress than do thoze who are less proficient,




gonmparable on the basiz of the varisbles of clothing and

sxposurs. While differsnces bhebween mesy scores seem Lo be

of the test and by rotaticn), nevertheless they may still affest

correlations, and conssquently had to be computed.

i} St Churchill Data

Let us consider ageln the rotation scheme which was

applied to the order of the presentation of conditions.

Tha difference in scores bstwsen the Inside-itt and Bare-

sifeet of the mitt is constant. The effect of the lLearning

agtor is varied in three ways. In the case of the Tirst sub~

Jeet, practies lncresses the diffsrence to the sxtent of one

a2

repetition; in the case of the second subject alss it iner

gt
@3.‘

B8BE888

cny in the cass of

s.]c

the differense te the extent of sne repetitd

7&3
&’f;

=

the third subjeet it decreases the differsnce to the extent of

Formelizing the above argunent we can show the Aiff-

rence between scores in B end C for the first and second cagese

+ ¥. The average differemee for case three « x = Iy,
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We now have two solvable eguations:

The obtained values for x and y are the mean differences

in the scorss atbtributable to the miti and to praciice respnsete

ively.
Tuls ealeulstion wag perfomed on the difference betwesn

the Inside-wlitt and Zare-hand scores for sach of the thres

i
0,04 of Bare~hand scors)

o

Yok
i

& e
B
&
gt

Practice = %.91 (16.0% of Bare~hand scors)

ittt = F7.72 {160.9% of Bare-hand sgore)

I Tegih:

i

raotice = 4,99 (17.0% of Bare-hand score)

-~
4

by

o
£

Hitt = 55,83 (208.9% of Bare~hand score)

B

The effect which the miti sxeris on performance is
clearly much greater than that of practice, as i

8
which ssch contrivutes iln berms

comparigon of the differencs
of percent inerease in the mean bave-hand scores for sach of



the subltests. The mitt has itz greatest ifmpeding effsect on the

£

test, and

,*f:‘we '

least on the H, as may be s expected. Practise, on

the other hand, betters performance on the L test more than 1i

£

w
e

.osg on the M, and to 2 greater extent on the o than on the &,
It seens ressonable that such should Be the ¢age. Hinee the
mitt presents more of 2 problem on light auts, there is wore
opportunity there Ffor learming s betler teéshnique.

28 was desceribed above was used 1o

£
o

The same mathod
draw out the effects on mean scores of practice and sxposure
between tests under condiiions 4 and 3,

Results of the caloulations for sach of the three sub-

teste are shown belov.

2,
bt

7 LR D p £8 % { £ <5 3 3 7 F 28 % % ]
H Test: Practice «  5.38 {3.47 of inside goorsé)

fxposure = 13.17 (13,27 of inside score)
M Test: Practice = 3,17 { 2.5% of inside seore)
ixposure = 17.08 (13.5% of inside scors)
L Test:; Practice = 210 { 17 of inside scors)
Zxposure = 20.79 (85.1% of inside score)

There is o considerable discrepans

S

hetwesn the vaiu@
obtalned for the effect of practice in ithis easg, and that
which we found to spply betwsen conditions B and C. A4pparanily

prastice iz greater betwesn B and ¢ than 1t is between B and Ao
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This effect might bs axplal

 pleasantness or unplessantness of the change involved in going

from A to B or from the B to ¢ tasks., The mitted task is g
trylng one from the subject's point of view, and he no rmally

goes from 1t to the bare~hand task with considerable slacy ity



.

The bare-hand task is much less fatiguing, on the bagis of the

subjests’ reporits, and it comes almost as g reward.

concerned with A and B, as we were in our gesond set of caleu-
latlons, noe such "pleasani® gombination oceurs. If our
assunption ig corrsect thail sueh "pleasant® ftransitions evhance

the learning effect, or alier notivation to givs that appear-

&

ancs, we have aceountsd at lesst in part for the discrepaney.

Sincs exposure, as judged by diifesrencss in wmean sooes,

2

e
has oo significant effect on performance under the su

conditions which obbained at the VUniversity, we can ignore it

[l
;,
61}

28 & Faotor., The thres trisls with the nitt {one Cuiside-miti

%

and two Indoors-mitt, test and retsst) can, then, be considered

31@@&? as Tirst, sscond, and third triales, disregardisng the

Fade
*?
£
for]
ﬁs
}n‘ 3
by

f%ﬁ%&ﬁ%a To get an uneomplleatsd piciture of the

carning, we must slso disregard what practice may

&
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by the one Dareshand jrial which is
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Tne mean sceorss ohitained on the thrse trials with the

"oy sach of the ithres subltesis,
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it appsars, however, that initially ot least the curve is
positively sccelerated. The fact that ithe drop in seore is

wmoys progounced belwesn %h@ second and third trialg than it is
between the first snd sesond, may bsar a relation to the tine
ini@rval between the tests, The first two trials wers necesge
arily giv@m to the subject during the one tsgt period; that is,
they are part of the same series of three trials under 4, B and
C. The third trial is always a retest, sdministersd an hour

or two later, and in two cases out of thres it is the first

meagurs of the retest period, preceding the Bare-hand trial.

c

This belng the case, the third nmeasure Ireguently suffers lLess

from the effeect of fatigue than does the second, which tenis

to augnent the appa Learning effect.
In any event, there is no guestion that prastice has
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very high reilabllity and therefore, when the cor
caloulated on this test under differsnt conditlons differ,

the differsnce wmay be ascribed to the effect of the conditions
with 2 considerable degree of assurance., The relisbilities @f
the ¥ and I tests are not nearly so high, snd this is refliected

in the inconsistent pleture which the data on these tests yield.

e
re go low, diffsrences in corrslations be-

eithsr to the conditions

On the University subjecis only.




CORRELATION DATA

I

Conditions Test Combinations

HH MR LL

Bare-hand vs. Bare hand 0 8B4 g %5) o 74
Bare-hand vs. Witt~inside 76 o L7 045
(o22) | (.31) (.28)

Bare~hand vs. Outside-miti o 70 PRCY: N - 35
{922) (906 (q(}x?

Inside-mitt vs. Inside-nitt - 25 e B 70
Ingide~mitt va.0utside~nitt .93 .Y B4
.93+ .10" .69*
{.89) {.84) (,6?}

Bracketed figures are Ft. Churchill data.

+Outside-mitt v8. Inside-mitt 2nd trial.



Values derived from correlations deseribed under (b)
make it possible to ascertain whether or not the introduction
of a new Tactor affects all subjects in the same way, or
whether it affects then in different ways. For example, a8 we
have shown in the previous section, the introduction of ths
mitt causes a drop in efficiency as is measured by group means.,
The question remains whether this change affects the subjects
equally, or whethsr the effeat is differential to the exient of
significantly altering the relative position of each man in the
group.

A similer guestion msy be put with regard to axgé@ure
and its effects, |

Table V contalns correlations between the subtests
Hy Man L., A great number of combinations are pdssibi@ here,
viz,

{2) those which occcur under the same conditions (Bare,

Ingide-mitt, Outside-nitt)
{b) those whiech aeéur under different condiitions
1. Bare hand vs. Inside-nmitt
2, Bare hand ves, Outside-miit

3o dngide-nitt ve, Outside-mitt

Correlations under Condition (a)

Those combinations which oeccur under the same con-
ditions were all caleulated for both the Ft. Churehill and
ﬁﬂivefsiiy groups, uging the first trial in each case on the

University group.where two trials were administered,
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The values derived here indicate to what extent the tests are
alike (in that they test the same thing), and to what extent
éaﬁsigtaﬂt results may be expected between the three subtests.
Dbviously, however, these Tigures are not to be interpreted
independently of thelr reliablilities. For example, the corre-
lation of .86 between H and M on the Bare~hand task is slightly
higher than the reliability coefficient for the H and sigmifi=
cantly higher than the reliability coefficient for the M test.
Under these conditions we cannot place a great deal of confi-
dence in the .86,

it may Be well to note heré, and this observation
applies to the whole treatment of correlations, that reliability
eoeificients may be high fTor two tesis, and yet thebr inter-
correlations may be low. There is no reasocn, €.g2., that the
H test resulis with the bare=hand and those with the mitt should
inter-correlate significantly even though the H tes t has proved

highly reliable under both of these conditions.

Correlations under Condition (b)

The first twe combinations under (b) were omitted,

2

There are a great numbsr of possible conbinations contained

i

in thess two. It was falt that no advantage would be galned
in caleulating the relations in this chain of combinations,
since it conitalins go nmany variables that chance would play a
predominant role.

- The inter-correlations were caleulataed between Inside~

mitt and Quiside-mitt conditions becasuse the differences here



(between Ft. Churchill and University groups), if significant,
would corroborate the findings on the effeets of exposure
which were given by the first set of figures in Table V. For
example, H in the outside condition and ¥ in the inside con-
dition (University group) r = .61, The sanms combination at
¥t. Churehill yieldﬁ an ¥ of .43, If we can show a signifi-
cant difference between these two, that difference can be

attributed to the effeet of the rigorous conditions, to which

the Ft. Churchill subjects were exposed in their outdoor testa.

With these general observations we shall turn now to

a consideration of the resulis.

Reliabilities., Under both conditions {Bare~hand znd

Inside~mitt) in which retests were conducted, the H task is
clearly the most reliable of the three, correlating with it-
self .84 with the bare hand, and .95 with the mitt. It is a
highly relisble test, and the addition of the mitt apparaﬁtly
increases its reliability substantially. That such is the
case has been borne out to some extent by our obéervatian& of
the actual performance of the test subjects, The nuts on the
H series bolts are heavy, and they are quite sasy-ruaning,
facts which make it a tenptation for the subjset to allow the
nut to *coast” between turns. This lack of control, hawaﬁer,
which undoubtedly contributes to some unreliability in the
bare hand condition, seems to be checked by the mitt., In thisg
case the soft, bulky palm of the mitt tends to arrsst the nut

at the end of the twisit: it is not as easlly or quickly taken



clear of the nut as the bare Tingers are., These facts may

»

acoount, iv part at lesst, for the increased reliability which
the mitt contributsse to the test.
The light task is alsoc a fairly reliable one, though

e g

act o as grsat a degree ag the heavy. It corrslates with

%

74 with the bare hand, and drops slightly to .70
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The ¥ belts constitute the least rel:
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tests, having the low sslfecorrelation of .58 i
hand condition and the almost nepligible correlation of A 1)
with the mitt. The essentiszl unreliability of the ¥ task was
suggested Lo us la several ways. In the first place it was
observed from our notes on fatlgue which were kept in some
detail om the original record sheets, that the concensus ine
dicates the ¥ subtest %o be the most fatiguing of the three,
in the bare-hand trial, This scems to be an effect of using
& purely finger manipulation on the same order as that
employed with the I nuts, The ¥ muts are almost too large
for this kind of manipulation, but not large enough to use
the method required by the H nuts, viz, a %Whaieﬁhanﬁ% turning
action. Another disturbing effect whieh applies %o the mitted
task, concerns the fa et that the ¥ bolits were threaded right
down to the level the surface of the frame in which they

8 alsoe the czse with the H Bolts of

5‘-3

were nounted., This we
course, bul here it presented no specisl Alffic ulty because
the H nuts are thick enough to allow sn sagy grip even when

the mut ie down flush to the frame, The ¥ nuts on the other

hand are only about one half as thick as the H, and the last



few turns are particulerly diffieult when the miti is wora,

The bulk at the tip of the mitt mekes it difficuli to get the

nanner, It was ff@@%@ﬁﬁly found nscessary 1o wﬂéigy the grip
by turning the hand over in a forward direction, the backs of

the knuckles towards the frame, or by retrasting the hand so
that the palm is parallsl to the fwazaa and applying the tupn

with the thumb and lateral side of the index finger ornly.

Bome subjects adjusted easlly to this difficuliy, some slowly,

The sace diffieulty was cbviated in the light task by
the faect thaet the L bolis were threaded only to within 5/8%

oi bhe surface of tha frame.

Differential ILffecis. Ve havs already shown on the

significant changes in test performance. Yhat we nust aow
determine is whethsr or not thess changes affect 21l the sube
Jjeets more or less egually or whsether there ls s real dilffersnce

in the way that individusls reset to those sonditions. In

testing for these differential effscits, the zenersl nmethod
# 2 &

adopted here was o calsulste the difference botwesn two

ocbserved correlations by R.4. Fisherts method,b




o 5 v

a) Differential “ffects of Mit

Lt

On the basis of mean differences, the effect of the
mitt is to increase time scores on the tasks. Are all sulbjecis
equally &ffected? If we obialn correlations 1) by test retest
under condition A, and 2} by use of the sane tests under con-
ditions A and B, then if the two r's are significantly diffi-
erent, the differencs may be atiributed to the difference
betwsen conditions A and B.

The difference between r's for Bare-hand vs. Bare-
hand and Bare~hend vs, lnside-mitt Wéﬁ@ tested for significance

by Fisher's meihod with the folleowing resulie {(Universiiy

group:
i} H Test
Bare-hand vs. Baree~hand - ,84
nt! = 18
Bare~hend vs. Insideepiti-=- 78
r zZ2 H=~ 9 recip.
Pare«hand vs., Bare-hand « B4 1.2221 i5 . 0B66
Bare~hand vs. Inside-mitt 76 . 298 15 « 0656

« 233 + <365
CR = 8108 ‘P = B4
P at .54 indicates thet differences would exceed
this one by chance 54 per cent of the tims, They cannoi
therefore be regarded as coning from éiff@?@éily gorrels

atsd populations.



~58=

Bare v8., Bare o 5B
Hore vH. In.-mite R
GR = 1.334 P o= 15

1ii) L Test

Bare vs. Pare o T4
Bare vH. Ln.=mitl o 48
GR = 1,298 P = 208

Ve must conelude that, as compared to the bare hand
task, there is no significant differential effect created
by the miti.

The eorrelation between Bare~hand and Inside-mitt may
also be compared to the reliabllity eoefficlent of the mitted
task, A glance at Table V will show that there is no sign-
ificant difference in the case of the ¥ and L tests. The

difference does appsar to be signif iaant in the H test, and

this is proven by our caleulation:

Inglde=nitt vg. Inside-miti 3
Bare~hand vE, LInside~miti 76
Oy = 2,289 P e O

-

Compared with the highly reliable mitted task, the

ghange te bare hand has o slgnificant differential effect,

iiect of Ixposurs

It was not possible to use the sams procedurs as

above to test the significancs of the dlfferential effaect of

L]

sxposure, since reliablility coefficlents are lacking for the
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Up to this point, the manner ln which this iavest~

3

he resulis

ation was carried out hes been deseribed, snd t
have been presented under = number of separate hesdings.
In this sectlon, certaln insdsquaeciles of the experimental
gaﬁwaf will be noted, and the results alresdy stated will

E

be discusgsed with a view to showing {a) how thsy must be
{h) how the variocus resulies are interrelated, and

{e)} to show where possible what implicaitions they may have for

tent have been oblained with the use of the heavy boltas, and
fair consistensy with the light. The mediun, however, &t no

oint yield & significant result except in the compariscn of

3

Bare-hand vs. nitt performanse. It was proven 1o be a highly
unreliable test, and some explanabion of this fact has besn
attenpied.

Zach of the tesis can be lmnroved. ALl would benefit
from the spacing sﬂtW@eﬁ bolte being increased. Hachine eut

threads are a negessity %o control Pspinning® {sss p.8).
The ¥ series would be more satisfactory if ths bolis wers
longer, snd an increage of number of bolts in the H should

make it oven more reliabls 28 2 tssh.
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preted in relation to the D.I.D. date which suggest very
strongly that the effect of clothing on performence nay be

radically refuced by tralaning,

The evidence goncerning the dlffsrential effect of

4]
fots

elothing on performance is not decisive. There is not gufi-
iclent evidence to show that the mi4it affects some individuals
more than others.

A high differential effect with the mitt would point
up the need of redesiguning the mitt te mset reguirements of

”

ndividual fit. That there is no suggestion of z need in

W”

this respect does not rule oubt the possibility that sther
designs might show 2 less hampering effect on manual tas ks of

thiz sorb.

Bfect of Ixposure, A nunber of factors must be cons

gsidered here., First of all, the sxposure pericd was a very
brisf @ﬁ%§ nor is the amount of exposure in any sense sguated
for all subjects, since tests were carried out over a period
of 11 days,iéﬁﬁ amn&i%iaﬁa'sf'iteﬁgeraigf@§Win&$ ste.,  wers
changed from day to day. Effects of exposure were intensified
%y.ké@@iﬁg subjects inaciive, in “&&xtiems there was & gulck
ghange from warm_%gfaaié and viece versa, and it may be that
the rapldity of change is the challenge to adaptability rather

than the esld as such,

5

n e situstion of

e
o

in any case the subjecis were plscsd
gome discomfort characterized %y ¢0ld, and showed a signifie

sant detericration of performsnce in two of the tests (viz,
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L and H)}, the most reliable or
direction is shown in the ¥ test, bub at 2 probabliliity level

of only .10 - ,08. The whole pleture leaves small f@@m te

¥
Lo
&
[
¥y
&)
kg
o
Bt
&
L
£3
Ty
ol
%3
fes
&®

doubt the effect of exposure on ths tes
ETOUD.

These results are made mors sscure %y virbue of the
Pesults obiained by repeating the syperiment undsr summer
conditions, and finding no suggestion of &ﬁ&ewzﬁr vtion due to
the outside conditions in this zase,

The resulits are confirmed again by the D.,1.D. data,
which, while laavémg ne doubt as to the validity of the above
gonclusions, do &t the sane time modify the over-all pleture
with raspsst to the effect of exposure.

As already noted, the cold and warm situations on the
43211 hed to be defined in terms of the subjects? statenents

weld, Sinces these were overe

iy
@

councerning his feslings ol
whelmingly on the side of belng warmer on the sesond trial of
the day, this was treated as q*i%éi@ﬁt 10 ﬁh@‘iﬁﬁiﬁé gondition
for the ¥4, Churehill group, The first test of the day fodlow-
ol 2 pericd of exposure aa& ié&aﬁﬁaﬁ {sleeping and rising in
the cold). The second test followed a period of greater
exposure, and fairly vigorous aetion. Insction seems o be &&@
‘decisive factor, since test results show poorest performance
wnder the First condition. Whether the situation here may be
called exposurs aff%@%a_gg debatable, but at least the inastive

period in the cold preceding the first trisl of the day



% o

esorresponds reasonably well te the exposure ; period in Fg,
Churehill, and the warming up by emercise has a certain equi-
valence to the waraing up indoors. Accepiing @hia parallsl

i

between the two sxperimental groups, it is found that there ig
deterioration for the D.1.D. group of 8.353 s&@gﬁéﬁa Vhethsy
or not this difference is statistically significant, it does
supply another bit of sonfimatory %éﬁﬁ@ﬁ@@m

Superimposed on this pieture of ohservations due %o
cold is another pronounced result frem the DL, I.D, tests. That
ig that living in the open under severe winter conditions as
these subjects were, & very pronounced practice effect was
apparent. OUn the whole, performsnee under conditions of
exposure and iusetion was poorsr than undsy eond tiocns of
grester 1z csure and actlen, bult the practics affact was
g%%&ﬁa@ than the effect of the First set of sonditions, so
that the cold performance of e.g., Day 5 wes bettor than the
warm perfornance of Day 2. iﬁﬁ%@@@ the cutdoor periormance,
after two practices per day for four days was markedly Buper=
ior to the indoor performance obiained 2t the end of the
expedition, five days after returning to Ft, Churehill,

With respect to the differential effect of sxposure,
the argument had to rest on the one reliasble test of the
seriseg., The @?1@@%&@ fits thes pessonshble a priori assumpiion
that individusls ars not equally affected by the veld, Vhat

evidence we have points to the Ffasi that selestion may play

2 role in oblalning men who will not show o great variability
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in performance under varying degrees of exposurs, and ihat,

2

- as will be developed in more detail later, training and ine

ag &
dostrination offset the effect of cold on motor performance.

ﬁﬁ%l&ﬁﬁ%lﬁ&%?ﬁwa The data on the Ft. Churchill group

indicate that the ten men who were acelimatized, i.e, that
h%é‘ég%ﬁ% more then one month in ¥t. ﬁh&f@ﬁiilg and who spent
at lesst one hour per day cutsids, é&@%%ﬁ lesgs effect fron the
‘eold than the fourteen who were not mcelimstized,

One iateresting aspect here lies in the fact that the
&@@2@@&%@3@&}5@@&@ reported subjective ¢6ld more freguently
then those who,were scclimstized. The suggestion is that the
Tactors of adjustment are not so mueh physiological as psych-
ologieal, If this ig 80, and if the scelimatized ?%ﬁﬁﬁﬂ.§%ﬁ

simply learnsd te work with his algﬁﬁﬁf@wts it may mean that

gﬁ»

the importence of traiming and indestrination witl overshadow
that of selection. Such a conclusion is strengthensd by the
evidence alresdy noied from the D.l.D. BTOUDY %f&iﬁiag under
continuous exposure to cold brough shbout & radiesl impyrove=
ment even on sueh 2 simple task ag we presented, and st the
same time brought about & similerly nerked redusiion in
individual differences, This latiter effect is probvably a
funetion of the task, bt thenm many of the Army tasks igvaiv%

such eleumentary dextsrity.

- Fractice if f@@tw, The zﬁxézai SoRBern ovar ﬁf&ﬁilﬁ@

effects with the ¥, %h&?@&iil group was ﬁa% 10 ouy swarensss

that they might have bﬂ%ﬁ affecting the gr@@%@ interpretation




oi the i&@% 1% prastice offects had b besn marked, they would
hmve reduced the @@%ﬁ%ﬁa@i&ﬁ% obtained. In addition to thig,
on the assuspiion that the Bare-hand test provided ne pruetics
f@?yﬁh@ mitted trisls, the difference in neang between insids
and outside perforsence would have bsen larger than they should
%o the extent of 1/3 the practice effeet, However, as well
5&% could be ascertained the bare hand provides practics, snd
gaﬁs@@a@ntly the corrsctions for practice on the above nobed
difference sppesred Lo be unwarrented, Similarly the practice
effects were not of grest enough megnitude to affect the corre-
lations, so that no &a@‘wa%;@%%@ of them by way of the original
purpose for ascertaluing then,

“he fact that practics dees sffest performance, sven
on these simple tasks, is of importance for the purpese of
experimental design for further researsh. It would be highly
desirable that proficiengy in any test situstion be based on
congiderable practice befors attempting to messupre the effects
of exposure on it.

Other implications of the practice effect, especially
that shown by the D.1.D, group have been discussed eariiey

aad need not be repsated hers,

xposure iffects. It

| Q?@fi%i@ﬁﬁg;%ﬁ& its Helation to I
bag been demonstrated that the subjects who gre the most DEO=
ficlent in o given test ars the most susceptible 1o axposure

effects, This faet is uot amensble 0 a simple explanation,



e

EBroficlency was based on seores m&é% under warm
conditions. In the small D.1.D. group the membership of the
'yr@fi@i%aﬁ Broup was falrly consistent ressrdless of whick
trial ?f@fﬁﬁi%ﬂ@? wes based on. In the Ft. Churehill gz&ggg
however, membership in the proficiency growvaeried as the
criterion test shifted from ¥ to M $0 L. Only between the
| nembershlp of the ¥ and L groups was there sufficient identity
to give a Chi-square of significance,

If membership in the profisient group wag @@ﬁﬁi@ﬁ%ﬁ%,
one might argue from the beels of the individusls involved,
That is, Lhat the proficlent group would be made up of those
who on the whole wers pubtiing forth nexinum effort, aﬁé‘@@ﬁ@
sequently any factor tending to alter performance would be
revealed sinee thers would be litile room for compensatory
eifort.

On the basgis of the Ft. Churshill group, howsver, such

an argument fails, for the proficient group heg o shifting
perscnnel, Here it is the task that ie the key, rether than
the individusl. |
Disregarding the M test, which has given ia&g&gist&aﬁ
results throughout, there does appear %o be a pattern, If
the H test is the eriterion, %&@a @mmparaﬁ %0 the non-profie
elent, the proficient show the greatest deterioratison in the
same task, nons in the M and sgein in the L. If T ie the
eriterion, then compared to the proficient the non=proficient
%ﬁ@% the greatest deteriorstion in the same task, less in the

M, and s negligible difference in the M., Hers detericration
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gesus to be dlreetly related to the task, and not a funetion
of the individusl se & whole, This caunct be checked in the
B.l.0. data for only the H test was ussd by them,

it should be kept in mind thai whils éh@ proficlent
group detericrate mors than the non~proficient, thelr oute
side performance is still bhetter then that of the nen=profie

cient. It would seem that cold tends to reduce individual

differences in perfomance, but does vot, of course, eliminate
then,

Subjective Cold, Ounly in the sxperiment on the ¥,

Churehill group wes there any attempt to compare subiects oue

g

with ancther with respect to their fe ings of eold. The
results showed no relation bsitween cold report and nerformance
on the tegte.

Quite a different resulit wes obtained in the ﬁaﬁ;ﬁr@y
Hox~Hole Study® condusted in Alaska., Here, in a manner
sonparablis to that employed in our own experiment, subjective
enld reports wars é&&ﬁ%ifi%ﬁ and compared with sa%j%ataﬁ
performancs, It was found that a high degree of correspondence
existed between the two: those who felt the cold most had the
poorest scores on the performasnce test. An obiective measure
of cold, skin temperature, was found to bear no such relation

to the scores,

Cbjective Gold, Our treatment of the relation of objests
ively cold conditions o performance revealed no reliable

3

difference between the deterioration sufferad by those tested



under comparatively nild conditions and the desterioration

suffered by those tested under more sevére conditions,



The Zxperiment

i, 4n experiment wes condusted to deternine the effect
of sxposure to sub-arctic wintsr conditicns on
performance on a manual dexterity test.

2. The test was & timed one, and invelved turning down
nute on three series of bolis, esch seriss of a
differsnt size, a

Se On the fidld, two groups of sabjects were employed
under differen® conditions: |
{a) & group of 11 subjects, mainly military person-

nel, tested on the trail in the euvirens of Fi.
Churchill before and after pericds of SXpoOBure
with aetivity.
(b} A group of 24 clvilian pepsonuel, tested st 7%,
Churehill under mors rigidly controlled conditions,
1} indoore, with indoor clothing snd bare

hand,

zmi‘a
poto
T

indoors, with outdoor clothing ineluding
mtt,
i} Outdoors with outdoor elothing insluding

mith,

o]
Vi
fete

4. A third group of subjects were btested at the
University of Manitoba in mild summer westher under

the same conditions as in (b) above.
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Sonelusions

4o

%

s

10,

il.

The H series bolts provided @ highly rdliasble test,

The fa@ that the ¥ abd L tesis were essentially unp
liable made the resulie from bhese testse uvureliable and
diffieult to interpret.

on the basis of group performance, there is a significant
deterioration of performence effected by the wearing of
outdoor elothing.

This effect is gensrsl in nature, and is not individuslly
éiff@féﬂﬁi&i to any slgnificant degree.

& marked group dsterioration is svinced by exposure in

s

the case of the Fi. Churehill sublects,

This deterioration alsc takes z diffsrential form,
individual subjects belng effected in differsent ways,

The effects of exposure were confimmed by results on ths

¥

D.i.D. groug,

The D.L1.D. data slso vevealed the very large practice
sffecte inherent in the tests.

The practice sffecte tended to overcome khe sffects of
cold, and to reduce individusl differences.

Ft, Churehill results indiested that the more acclimate
ized sublects suffered lsss deteriorsiion in performance
than did the less acelimatized,

The faet that the scelimstiged reporied cold as often as
the less seclimatized suggesied that the adjustment the
former made was a psychological rather than s physioe

logieal ons.



ig,

Results of both the Fi., Churehill and D.I.D. invest~
igations showed that the proficlent suffersd more from
exposure than did the non-proficient, alihough the
former still maintsined the higher level of performance.
Some positive relation betwsen performance and subjegt-
lve feelings of cold was found in the D.L1.D. resulis.
in this case, the subjecis?! feelings ln one situation
were compared with thelr Teelings in another,

In the ¥Ft. Churchill tests, where subjects' Feslings
wers compared with those of oither subjeets, no sueh

relation could be found.

Ho relation was observed between chjisstive messures

of cold and performence,
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APPENDIX

MBH

RAW DATA ~-- UNIVERSITY

0
ol oa | F £ 8« AR E 3
5 S1El % % gisged 3oz lsg.3 B oz sdos
® . & = on 8 o o B4 B © & oo
Sls B A2 o5 & |BERE ¢ & BEBE e 2 BE b3
B A S N — AP & =Wl a A el A
A | Mavy 13| 6510 |HML | 118 172 ﬁf852 2 1 99 118 99| 2 2 60 44 29! 0O 0
{(2nD TriAL) 92 105 77 1 2 37 38 24 0
B |May 13 65120 |HML |105 156 67/ 1 | 2 |53 33 21] 0| o |106 91 ¥34l 1
91 37 15| 1 3 38 46 11 2 2
C.|Mav 13 65/10 [HML | 49 32 18/ 0 | 0 |71 85¥1| 1! 3 | 61 g4 5701 | 3
41 34 18} 0O 0- 52 75 55 1 2
D |May 13 65|10 |HML |109 129763] 1 | 1 |104 120 70| 2 | 1 | &8 57 =23 0 | o
86 82 36 2 2 62 36 19| 3 1
E {May 16 68| 8 [HML .55 95 50 1 3 27 26 18 0 0 51 55 %24 1 2
146 62 3901 |3 |35 31 13/2 |1 |
FlMav1e 68| 8 |HML | 60 43 21l 0 | o |74 110 '95| 1 | 2 | 70108 57| 1 | 2
43 33 2000 | 0 ; 53 7240l 1 | 2
G [Mav 18 55(15 LMH| 58 72730 1 | 1 |41 40 aa| 2 | 2 | 23 a1 49 0 | o
3262 514 2 2 19 29 391 0 0
H {May 16/ 68| 8 |L MH| 38 76 74 2 1 23 39 49 0 0 41 67 %65 1 1
. 37 60 67| 1 2 21 39 42 0 0
! May 16] 68| 8 |LMH 21 34 42| 0O 0 60 91 %55 2 2 44 75 B4 2 2
22 31 34 3 1 38 77 511 2 3
J | May 18 55115 |[LMH 45 92 %72 2 3 46 80 62 1 2 22 44 501 O 0
....... 39 75 62 1 2 21 44 451 O 0
K. |May 18 55|15 |LMH | 58 112 62l 2 | 2 |19 35 47| 0| o | 51110 ¥s8/ 2 | 1
4880 54/ 2 | 2 |18 35 43| 0 | 0
L [ May 18] 55|15 |LMH 2543 57/ 3 1 48 83 %/79 3 1” 48 87 771 2 2
.... 25 45 48| 0 0] 42 75 65 2 2
M |Mav 20 66| 9 [MLH | 69 3a¥s7) 1 | 1 |64 32 37| 2| 1 | 26 20 28 0 | o©
61 31 31| 2| 2 | 24 12 28 0| o0
N |May 20 66| 9 [MLH| 60 53 87/ 1 | 2 |43 26 56| 0 | 0 | 66 50 *g7l 1 | 2
.................................. 70 a4 e8| 1 |2 |4 23 5|0l o | oo
0 [May 18 55115 |MLH 45 23 43| 2 1 142 49 %83 113 116 51 77| 1 2
_____ 40 17 35 O 0 117 45 711 2 . 3
P |Mav2g 70l12 LK 307 777972 |2 |96 72 95| 1| 2 |4 31 69 1| 1
91 .64 801 1 | 3 48 29 64 1 1
Q May 20 70112 |[MLH |101 49 64 1 3 41 24 421 0 0 67 39 7‘KﬁB 1 2 AAAAAAA
............ 81 31 60 1 2 49 27 31 2 - 1 e
R |May 18 55|15 [MLH| 51 22 63 0 | 0 [124 92789 | 1| 2 |104 85 92 1 | 3
48 22 50 0 | 0 102 87 87 1| 3
Fatigue 0 - not tired Test scores
1 - slightly tired = underlining denotes - Inside - miti
2 - uncomfortably tired - asterisk " - Outside - mitt
3 - extremely tired = plain " - Bare - hand






APPENDIX "C"

RAW DATA -- D. I. D.

Subjects
Test Scores
Day 1
Test Scores
Test Scores
Test Scores
Inside -~ mitt
score
Inside - bare
score

2 69_4: 51_._-'-

MeETEORODLOGI CAL DarTa: Temp: Wino
Dav 1 =~40% F 14 mPH
Day 2 - 28 4
Day 3 - 8 2

Day 4 ~ 15 5



