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CHAPTER 1
THE PROBLEM AND A SURVEY OF RELATED LITERATURE
1. INTRODUCTION

The Arctic and sub-Arctic regions have recently taken
on added miiitary importance in terms of the present problem of
national defence. The problems of adjustment to climate are
much greater in time of war. Instead of a house, Man has a
vehicle or a foxhole in which to live. Instead of staying in
the ‘locality in which he was trained, he is transported to the
desert, the tropics or the Arctic. He has no time to learn how to
combat the extremes, but can only be briefly instructed and given
what forms of protection are available.

As the environment becomes méfe severe, the more frequently
will operations fail because of ﬁhe inability of the personnel
involved to remain efficient. Scottt's last expedition to the South
Pole and the high casualty rate in the Aleutian Campaign of the last

war 1

are two general examples of losses that have resulted from
inadequate knowledge of the human factors involved. The result
of the severity of the environmental problems which may be

encountered has stimulated investigations on the proper functioning

of military equipment, both mechanized and personal.

L
Pamphlet - Medical Research Council, Report ~ Aug. 1948
F.P.Ellis.
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The literature of Arctic exploration is full of advice on how
to keep warm in extremely cold weather. The methods proposed involve
| properly balancing clothing, shelter, and bodily activity to maintain
comfort under preﬁailing conditions of temperature and wind.

Superimposed on the various environmental stresses to which
troops are exposed, is the necessity for performing a wide variety
of activities. Aerial gunners exposed to severe cold must often
remain inactive in cramped quarters for hours; soldiers must

frequently continue forced marches for long periods. It has been

established 2 that "in extreme cold no conventional clothing assembly
is at the same time warm enough for standing around and sufficiently
free of bulk to permit freedom of movement',

Experience has shown that clothing should be reduced in amount
or loosened to avoid sweating during periods of hard work. ZEven when
these precautions are taken, moisture which accumulates in the outer
clothing makeé it stiff with ice and as a result, reduces the
insulation provided.

In an attempt to protect members of the Armed Forces from

extremely low temperatures, electrically heated suits were developed.

"Electrical failures of the gloves and slippers were numerous, and even

when failure did not occur the distribution of heat in the garments was

2 : .
: Advances in Military Medicine - Vol.2Little, Brown and Co-Boston
1948 P> L98 Ue.S. office of Scientific Research and Development Andrus
E.C. Sronk D.W. g
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unsatisfactoryh. 3The proper distribution of heat to different parts of
the hands and fingers is an obstacle which must be surmounted.
Furthermore, with the mobile unit of to-day, it seems impractical to
maintain a source of electricll heat.

In many of the northern areas, fuel is a considerable problem,

" and, to keep the whole body warm would demand too much fuel. Also as
we have seen, attempts to keep the entire body warm have resulted in
decreased mobility.

The hands and their adequate proiection are of prime importance
to a soldier, since they ﬁust be used continually and efficiently in
the handling and repair of weapons and in the care of pérsonal equip=-
ment. Results of previous investigations b show that exposure to
extreme winter conditions causes deterioration in motor performance
and the deterioration appears in the smaller muscles first.

The aforementioned suggests the possibility:that, rather than
keep the whole body‘warm, efficiency might be maintained by local
applications of heat. While clothing may be adequate to prevent
freezing, this does not necessarily ensure maintenance of efficiency.
The problem of maintaining efficiency is not simply that of preventing

frost-bite, for efficiency is impaired long before the body or any part

3

hJ. A. Sunde, " A field Study of the effects of exposure to
extreme Winter Conditions on the performance of three motor tests",
(Unpublished Master's thesis, The University of Manitoba, Winnipeg,
1950) P.P. 79~80 :

Ibid LX) pc 502




of it reaches the freezing point. ILocal application of heat is to
be thought of, not in terms of comfort, but in terms of operational
efficiency.

While there are distracting factors, other than the specific
effects of cold on motor efficiency, attention will be focussed on
this one particular aspect. The literature reviewed below deals
briefly with the effects of exposure to céld on muscles and on blcod
circulation,

1l. A BRIEF SURVEY OF RETATED LITERATURE

4 study was made 5 of the activity of the intact gastrocnemius
muscle and its antagonist when exposed to cold. The procedure in
sécuring the data was to make control records from the muscle and
then pack the leg in ice. After five minuteé cooling, the relaxation
‘time is increased 62%, while the period of contraction and the latent
time are increased 21% and 12.5% respectively. This means that

relaxation.is affected three times as much as contréction and five
times &8s much as the latency of the muscle. Ten minutes of cooling
increases the period of reléxation 115%, while the contraction time

is increased only L6% and the latency'Zh%.4 Under this condition,
relaxatibn is increased 2.5 times as much as contraction and .6 times

that of the latency. After twenty minutes of cooling, the situation

S-The Effects of Decreased Temperature on the Activity of Muscle
W, Tuttle, PH.D., Jowa City = Journal of Iaborftory and Clinical
Medicine Vol 26 19L0 - 1 - St, Louis, The C.V. Mosby Co. P, 1913:




is similar., Relaxationis increased 172%, contraction 824, and
latency 37;5%, Undgr this condition relaxation is increased 2.1
times as much as contraction and L6 times as much as latency. The
results of this experiement seem to justify the conclusion that
"cooling a muscle not only affects the relaxation more than any other
period of its activity, but also shows this period from two to three
times as much as the contraétion".

It is a well known fact that cold contracts the arterioles of
the skin, drives the bldod to the interior and increases oxidation.
If exposure to cold is prolonged the temperature of the skin and of
the muscles lying beneath is reduced, and either the heat producing
processes may be checked and a loss of temperature result or shivering
may intervene. In this case muscular contractions and constriction
of the blood vessels stimulate metabolism and heat productions

A study % of the skin and rectal temperatures of 10 normal
subjects exposed to an environmental temperature of 20° ¢ for twb
hours and of an equal number of subjects at a temperature of 150 C
was made. It was found that the skin temperature fell markedly, more
rapidly. in the first hour and more precipitously at 15°C than at 20°¢,
It was also observed that the fall was least on the forehead and greatest
on the extremities.

Reasons commonly given for the greater fall in the temperature

éFreema.n and Nickerson - Skin and Body Temperatures of Normal
Individuals under cold conditions, Journal of Nutrition Vol 15, 1938 =~
The Wistar Institute of Anatomy and Biology, Fhiladelphia, P. 598,
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of the extremities as was shown to happen in the study of Freeman and
Nickerson are: lack of adipose tissue, absence of heat, generating
organs and the large surface.

When an individual is exposed'fo a cold environment the
sensation of cold often appears to be local. Finger-tips becone
numb and motor efficiency is impaired, One would suspect that if
- heat were applied to the hand, operational efficiency might be

maintained.




CHAPTER II
THE EXPERIVENTAL PROBLEM AND ITS METHODS
I. THE PROBLEM

Statement of the problem. It was the purpose of this

investigation to make an objective evaluation of the effect of
different conditions of exposure to cold upon the performance
of simple motor tasks primarily to determine if a person's
efficiency could be maintained by local application of heat.,
"Different conditions of exposure" mentioned ébove, refers to
four exposure conditioﬁs - namely‘é warm body - warm hand,
cold body - cold hand, warm body - cold hand and cold body =
warm hand,

Importance of the study. A considerable amount of research

has previously been conducted with the purpose of evaluating the
effects of exposure to winter conditions on the performance of
motor tasks. No available evidence indicates, however, that
investigators have directed their experimentation to the purpose of
determining whether 6perational efficiency could be maintained as
the result of the application of ﬁeat to a local part.

It has previously been determined 1 that individuals vary

markedly in their ability to perform under cold stress. Some men

1
M. Bader, J. Mead - Journal of Applied Physiology =- Vol 2
#ll May, 19500 P. 608.




seem to be particulafly resistant to frostbite, can work with
unprotected hands for considerable periods in the cold or withstand
relatively long exposure under generaliged cold stress without
complaint. Others may be incapacitated under the same circumstances.,
Experience, training, attitude toward the cold and out-of-door-life,
mechanical ability, and general co-ordination, intelligence, body
build and fat distribution can all conceivably play a part. In
addition, there may be significaht individual differences in the
specific physiblogical responses of the body to cold which would
markedly influence cold tolerance.

Incentives for investigating the human response to
excessive cold derive from several sources. Among them is the
need for data on the physiological changes resulting from such
prolonged exposure as occurs in lifeboats in northern areas,
during fighting in semi-arctic terrain, and in the forced landings
of planes in the snowe

The present investigation was undertaken as a small segment
of the largé area of experimentation which must be conducted if
the effects of prolonged exposure to cold climatic extremeé are
to be minimized. It was designed to yield information of practical
value concerning the effects of different exposure conditions upon
simple motor performance and to act as a guide to future research

along similar lines.




~II. THE METHOD OF APPROACH

The problem of the effect of various conditions of exposure
to cold upon motor performance is one which permits an objective,
quantitative approach in the form of a scientific experiment,

The experiment was so designed that the data obtained by
means of the expefimental procedure would either contradict or
confirm the hypothesis formulated - namely - that application of
heat to a local part would enable the individual to maintain motor
efficiency in spite of exposure of his body to cold. It was
possible, also, to make an analysis of the data in order to assess
the extent of deterioration due to exposure, and to determine the
differential effects of the various conditions of exposure. Hand
skin temperatures were recorded duriﬁg the course of,the experiment
with the expectation of determining their relation to impairment
scoress

The investigation took the form of a cold room experiment
compsdsed of simple; realistic motor tests that permitted of

controls essential to a scientific experiment.

III, DEFINITION OF TERMS USED

Test. This term refers to either of the two types of test

apparatus = the "blocks'" or the "bolts" - utilized in the experiment.

Sub-test. refers to either the four bolts and nuts, which are

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

Test-Battery, The blocks test plus sub-test A and sub~test

B mentioned above, when carried out consecutively, constituted the

test~battery or test group.

Conditions of exposure. This term, as used throughout the

thesis, refers to the four conditions experienced by the subjects-
namely: warm body, warm hand; cold body, cold hand; warm bedy, cold
~hand; and cold body, Warm hahd.v The duration of exposure between
the first and'last tests on any one day, was approximately seventy
minutes,

Trial. Is the term applied to the testing activities carried
out during any one day. The trials included three performances of
the test-battery, the last two being performed after exposure

periods.

Deterioration. For convenience, all changes in test score

have been expressed in terms of deterioration, since a study of
deterioration was the main object of the experiment. Where

improvement occurred, it is expressed as negative deterioration.

Experiment. The full series of four trials - under the four

conditions of exposure - constituted the experiment proper.

Organization of the remainder of the thesis. Subsequent

chapters of this thesis will embody the following considerations:

(a) details of the experiment, including a description of the
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nature and administration of each test, and the order and
conditions of presentation, (Chap. II). (b) the presentation,
discussion and interpretation of the data gathered during the
course of the experiment, (Chap. IV): and (c) the conclusions
drawn as a result of the investigation, together with suggest~ .

ions for further experimentation, (Chap. V).




CHAPTER TIII
THE TESTS AND THEIR ADMINISTRATION
I. INTRODUCTION

The purpose of the present investigation was to obtain a
direct measure of the effect of four different conditions of
exposure to cold upon the performsnce of two motor tests.

The two motor tasks selected for the test-battery were
both used previously 1 in former investigations. They contain
elements approaching a realistic manipulation such as might be
encountered in outdoor work, and at the same time they permit a
high degree of experimental control. The movements involve only
simple motor activities and depend on speed of hand and arm
movement rather than on judgament or precision in eye-hand co~ordination,

In an attempt to isolate the effects upon speed of performance:
which were due to exposure from the effects resuiting from series
practice and fatigue, a master plan of the order of presentation

of tests and conditions of exposure was prepared.

1
Je A. Sunde, " A Field Study of the Effects of Exposure to

Extreme Winter Conditions on the performance of three motor testst,
(Unpublished Master's thesis, The University of Manitoba, Winnipeg,
1950) P.P. 79-80.

Frizell, R.N., "A Field Study of the Effect of Extreme
Winter Conditions on a Test of Motor Performance, “unpublished
Master's thesis, The University of Manitoba, Winnipeg, 19L9.
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The present chapter offers a complete description of the
two tests selected for the experiment, and of the experimental

techniques utilized in their administration.

II. THE TESTS

Ae The "Bolts" Test. Two sub-tests involving the turning

of nuts on to bolts, the heads of which are embedded in a wooden
. base.

Nature g£ the test. The bolts test was included in the

test=battery as it was considered to approach as nearly as possible
a realistic manipulation, such as might be required of one whose job
it is to make minor repairs. At the same time, the simple nature

of the task assures good experimental contrel. Test-retest
reliability for Bolts sub=-test A (test period lvs. test period 3)
was «80. For Bolts sub-test B = o7l.

Description of the test. The test was designed by R.N.

Frizell 2 and only slightly modified for the present investigation.

o

-

| S R S

F(x /R

af}lEﬁeld Study of the Effect of Extreme Winter Conditions on
a Test of Motor Performance" (unpublished Master's thesis, The
Univgrsity of Manitoba, Winnipeg, 1949),




The bolts used in sub-test A are of five-eighths of an
inch in diameter and those in sub-test B are five-sixteenths of
an inch in diameter, The nuts fitted to these bolts have the

dimensions one inch x three-quarters of an inch for sub-test.

A and nine-sixteenths of an inch x four inches for sub-test B,
and are hexagonal. The nuts and bolts are of the ordinary
commercial grade in mild steel, the nuts beinga?éther slack fit,
turning easily with the hand and at no point requiring forcing.

Both series of bolts are mounted on one frame and are
separated by a five inch space. Working clearance l.e. the
distance between the nuts when they are placed on the bolts, is
two and three quarter inches 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 was that the
nuts, instead of initially being placed on the bolts, were
arranged in an orderly fashion in front of the bolts on to which
they were to be turned. This made the test more difficult and as
a result more sensitive, since the pattern of co-ordination
required to place the nuts on to the bolts was more complicated.
With the nuts placed in this manner, the number of turns required on
each bolt of sub-test A is fifty eight and forty six on each bolt
off sub~test B.

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

freely while being turned down on the bolts, the latter were coated

with glycerine, and the free spinning was entirely eliminated,




15

Directions for administering the test. The test was begun

by having the subject face the board én to which the bolis Were
attached. In response to the command "Ready? Go"™, he was instructed
to pick up the nut and begin to turn it on to the bolt as fast as
he could, using only one hand, He was to employ as far as possible
a deliberate turning action, using the thumb and fingers, and to
avoid rolling the nut down with the side of his hand. He was told
to start with the bolt opposite his preferred hand and continue
until he had completed the L bolts. As the subjects tested were all
right-handed, all proceeded frégzig%t to right in each series.
Having completed sub-test A, the subject was then given the same
command for sub-test B. Separate time records were kept for both
sub-tests.

The experimenter then prepared the test for the next subject
by rolling off the nuts and placing them in their appropriate
places in front of the bolts, |

Be The'"Blocks"™ Test, "Blocks™ test was the name adopted

during the course of this investigation to denote the Minnesota
Manual Dexterity Test.

Nature of the Test. This simple perceptual - motor test

depends neither on judgement of differences in size or shape, nor
in precise eye-hand co-ordination, but rather on speed of gross hand
and arm movements. It measures the speed with which a subject picks

up one hundred and sixteen cylindrical blocks, all of the same size,

~and places them in holes in a board. Test Retest reliability for
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the Blocks test was .87,

Description of the test. The blocks test consists of

a board with circular holes, and cylindrical blocks of wood to place

in these holes,.

Administration of the test. The board was placed on a table

of standard height, with the blosks arranged jusi beyond the bhoard.
The subjects were instructed to place the blocks into the

" board as rapidly as they were able, After filling the board the

first time, they were to proceed at once to £ill it the second time

without any aid or instruction from the experimenter.

A complete description of the test, together with dimensions,
appears in W.V. Bingham, Aptitudes and Aptitude Testing, pp.278-9.
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A consistent pattern of filling the board was to be maintained
throughout. If they filled it in a2 horizontal secuence the first
time, they were to do it in the same fashion for the remainder of
trials on the blocks. Similarily, if they filled it vertically on
the first trial, the same pattern was to be followed for the
remainder of the experiment,

The subject began the performance of the test at the second
word of the sommand "Ready? Go', and it was timed from the word
"Go", until the board was completely filled the second time., He
was instructed not to pick up any blocks in the event that they
were dropped, but to proceed with the task. This instruction was

iven because the time lost in picking uﬁ the blocks would throw
off the timing of that particular trial. Throughout the course of
the experiment only two blocks were dropped.

ITI. THE PLAN OF THE EXPERIMENT

The expefiment‘conducted involved one group of sixteen subjects,
a test battery comprised of two tests, and four conditions of
exposure. The number of factors involved necessitated a careful
planning of the exjeriment in order that the effects of exposure
upon motor performance might be isolable.

A master plan drawn up before the actual testing was begun,
provided the individual subject with the order of presentation of
tests and the special condition of exposure during his four trials.

Before the actual testing was begun, a "dry test" was run |

through with six subjects and it was found impossible fer the
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for the experimenter unaided to take the nuts off the bolts after

. each test, time the various subjects, and bring the two tests from
the cold to the warm room and vice-versa. An assistant was hence
provided.

Order of testing of the subjects « The sixteen subjects

- who participated in the investigation were all University students.
It was very difficult to arrange for the group to meet together for
any period of time amounting to two hours or more. At the same time
it was desirable to retain the proposed schedule of three present-
ations of the test-battery on each trial. In order that the testing
program should not take too much of the subjects' time on any one
day, it was decided to divide them up into two groups -one-half
being tested on Friday, the remainder on Monday. The subjects

were paired to facilitate testing. The members of these pairs
worked fogether throughout the course of the experiment. The order
of testing for each pair of subjects was chosen arbitrarily and is
shown in table I on page 19, |

Order of presentation of the tests « Nine test scores were

obtained for each subject during each of his experimental runs, ﬁhree'
scores being obtained from the blocks test and three from each of
the two bolts sub-tests. In an attempt to control the series
effects resulting from fatigue and practice, the tests were

presented in rotation‘g.

15, 0 Ahdrews, editor, Methods of Psychology, (New York, John
Wiley and Sons, Inc., 1948), p. 13.




TABLE 1

19

TEST ORDERS AND CONDITIONS FOR INDIVIDUAL SUBJECTS
FOR EACH TRIAL OF THE EXPERIMENT

Test order Test order
Cond~ Sub-~ Cond~ Sub-
Day ition ject No. exp. lst exp. 2nd exp. Day ition ject No exp. lst exp. 2nd exp.
I1 AB BA AB I 2 AB BA AB
IT 2 1) BA AB BA IT 3 2) BA AB AB
IIT 3 AB AB AB IIT L4 AB AB AB
IV k BA AB AB v 1 BA AB BA
I 3 AB AB AB Ik AB AB AB
IT 4 BA AB AB II 1 BA AB BA
IIT 1 3) AB BA AB IIT 2 k) AB BA AB
v 2 BA AB BA v 3 BA AB AB
I1 BA AB BA I 2 BA AB BA
I 2 AB BA AB T 3 AB AB AB
IIT 3 5) BA AB AB IIT 4 6) BA AB AB
IV i AB AB AB v 1 AB BA AB
I 3 BA AB AB I b4 BA AB AB
IT 4 AB AB AB IT 1 - AB BA AB
IIT 1 7) BA AB BA . IIT 2 8) BA AB BA
v 2 AB BA AB v 3 AB AB AB

Notes Tiae same test orders and conditions of exposure were used for both
groups of eight subjects.

CODE: Conditions

le= warm body-warm hand
2.~ cold body-cold hand
3¢~ warm body~cold hand
Lhe= cold body-warm hand

Tests A = bolts
"B - blecks

Exp. - exposure
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Two orders of presentation of the group of tests were
alternated throughout the trials:

1. Blocks~bolts sub-test A-bolts sub=-test B
2. Bolts sub-test A=bolts sub=test B-blocks.

In all cases, the bolts sub-test B was performed immediately
after that of bolts sub=-test A. The length of the bolts tests made
it possible for one subject to be performing it while his partner
was performing the blocks test.

It was desirable to haﬁe the two subjects with warm body~
cold hand and the two with cold body=warm hand, perform the bolts
test before the blocks because of the differential effects of hand
cooling with the bolts. Adopting this method, cooling of the hand at
random was eliminated.

The order of presentation of the tests for each subject

on each trial appear in Table I on pagel9 While the order of

rotation is balanced for each condition of exposure, it was impossible

to control the series effects within each day's trialse

Conditions of exposure. The first administration of the

 test~battery to each pair of subjects began as soon as they had
entered the testing room and taken their skin temperature. The
four subjects who were under the condition of having their body
cold, performed the tests.in the cold room, whereas the four
subjects whosebod ngﬁfﬁgebe kept warm performed in the warm roomn.
Between the first and second administrations of the test-

battery and between the second and third, the members of each pai®
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of subjects were required to spend periods of from thirty-five to

forty minutes under one of four conditions of exposure : 1) body
warm-hand warm 2) body cold-hand cold 3) body warm=-hand cold
and L) body cold-hand warm.

The condition of exposure fod& each subject, on each day of
the trials is presented on page 19. It will be noticed that the
conditions Bre balanced over the period of the experiment as a
- wWhole, but the presentation of the tests to four of the subjects
on egeh day is not balanced. This is due to the fact that the
sub jects with cold body-warm hands and warm body-cold hands did
"the bolts test before the blocks test on all occasions.

The condition of warm body-warm hand allowed the subject
to s8it or walk around in the Wérm room, the temperature of which
approximated 3300. Under the condition of cold-body-cold hand,
the subjects were allowed to walk around in the cold room, the
temperature of which was appr oximately -800. If shivering became
too severe, they were allowed to throw their coats over their
shoulders. The cold body-warm hand subjects sgt down at a table
in the cold room and placed placed their right hand in between
two heating pads. In the event that their bodies became uncom-
- fortably cold, they were also permitted to wear their
overcoats. Skin temperatures of the cold hand were recorded
every five minutes. The warm body-cold hgnd subjects seated
themselves at a partially open window in the same room as the

warm body-warm hand subjects performed their tests. To the
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window was attached a cardboard which allowed thém to expose
their right hands to the cold air, ranging between plus and
minus 20°Cd, but at the same time their bodies were kept warm.
Hand=skin temperatures befofe starting and & ter completion
of the test - battery for this condition of exposure is
tabulated in Appendix A, Page 61, under Condition 3.

The experimental procedure was at fault in that no
records were taken of the ambient temperature of the hands of
subjects under the warm body-cold hand condition. However,
‘despite the fact that ambient temperatures varied, the
investigation wgs primarily concerned with how cold the hand
'became, rather than the surrounding temperature which brought

the skin temperature down to such a level.



IV. FURTHBR CONTROLS

A complete explanation has aiready been given of the
controls applied to the order of presentation of the tests
to the subjects, the rotation of conditions of exposure between
the performances of the test-batteries, and the administration
of the tests. There were a number of further controlé utilized

in an effort to obtain unbiased results.

Clothing. It was impossible to have every subject wear
exactly the same clothing every day on which he was tested. They
were, however, asked to wear comparable clothing throughout;

generally, subjects wore slacks and a sport coat.

Motivation. The subjects were all University students,
most of them taking Psychology. They all volunteered and were

- genuwinely interested in the experiment,

Time and Place. The trials were held during the early

part of the afternoon on each day. The site of the testing
was an Agricultural Research Building, chosen because it had a
room jzhich was heated and also an adjacent room which ceould be
used as a cold room. The temperature of the warm room was
nearly constant throughout the investigation and 1;he adjacent

cold room varied by only two or three degrees.

Apparatus. In an attempt to eliminate the free spinning

of the nuts, the bolts were given a uniform coating of glycerine

22
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each day before the trials were begun.




CHAPTER IV
ANALYSIS AND INTERPRETATION OF THE DATA

The raw data recorded during the course of the experiment
appears in Appendix A. All calculations appearing in the analysis
presented in this chapter are derived from the ungrouped raw data,

using the formulae presented in Appendix B.
I, CONDITIONS OF EXPOSURE

A reasonable experimental design appears to demand at least
four conditions of exposure in order to determine whether variations
of the temperature of a local part produce changes of efficiency
independently of the body temperature. Two conditions of exposure,
which might Dbe regarded as anchorage points, ére'that of warm hand
and cold hand. These may each have two different combinations-
namely, warm and‘cold body. Therefore, the four conditions of
exposure utilized in the present investigation are warm hand-
warm body, warm hand - cold body,‘and cold hand-warm ﬁody and
cold hand-cold body.

The test battery was administered to each subject three
times under each of the four conditions.i The first battgr& ﬁas
presented to the subjects without any exposure, the second battery
was given after_ihirty—five minutes exposure and the third after
seventy minutes. The effects of exposure to a giﬁen condition on

pefformance are measured by‘comparing trials 2 and 3 with trial 1.
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Consequently, averages and stardard deviations are calculated for
each of the test periods under each condition and are shown in
Table 6, on page 30,

II, THE EFFECTS OF DIFFERENT CONDITIONS OF EXPOSURE ON TEST
PERFORMANCE

Condition 1¢ Under this condition, the subjects spent the test
periods in a warm room, From the data secured this way, we obtain
an indication of what level of performance might be expected under
optimal conditions,

While it may seem to be desirable that the trials under
the conditien of warm body-warm hand be used as a standard ageinst
which to measure deterioration, 'Ehere is a real difference between
the warm and the cold roomge The results obtained justify this
statement, and thes@ differences seem to cast doubt on such a
treatment of the data., When the subjects performed the test battery
in the cold rocm, having been exposed to the cold for only approxe
imately three minutes, the average score for the initial test was
higher than it was for the first trial conducted in the warm roome
It does not seem reasonable to assume that these three minutes of
eip@sure were the cause of the impaired performance, Factors
other than exposure, apparently &ffected perfermance, For this
reason, the all warm conditions has not been used as the centrol

condition against which deterioration has been measured.
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Referriné to Table 6 on page30it will be seen that the average
performance improved as between test periods 1, 2, and 3. The mean
score for the blocks was 106.8 seconds in the first test period and
was decreased to 101;8 séconds in the third test period. 1In the
initial test period for Bolts sub-test A the mean score was 8L.6
seconds and was 82.8 seconds in the thi}d test period. For the Bolts )
sub-test B, the initial score was L2.8 seconds and 42.5 seconds in the
third test period.  The differences bétween the first and third trials
/for the blocks test are significantly different, indicating that there
is an improvement <factor operating. This result was substantiated by
Sunde's data.

Table 8 on page 33, expresses the deterioration or improvement

as percentages. The results may be briefly summarized as follows:

TABIE II
Blocks Bolts A ’ Bolts B
TRIALS ﬂ 4 Det. ¢ Det. % Det.
L& 2 -3.93 -2.37 1.17
1&3 - .68 -2.13 -.70

- indicates a mean improved % score.

Between trials 1 and 2 for the 'blocks' test, 3.93 ¢ improvement in
mean score is significant, as may be seen in Tabled page33 .

The same applies for the L.68% improvement between trials 1 and 3,

Bolts sub~test A show a mean improvement of 2.37% between trials 1

and 2, and 2.13% improvement between trials 1 and 3, the former
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%

being significant. Bolts sub-test B however, shows a deteriorated
performance between trials 1 and 2 and an improvement of .70% between
trials 1 and 3, neither of which is significant. The deterioration
shown between trials 1 and 2 for this test may conceivably have been
caused by the fact that the individpal‘s finger muscles were tired,
since in all cases this test wes performed immediately after bolts
sub~test A.

It should be noted that the method employed in the thesis to
measure deterioration does not take into account the improvement that
occurs under 'normal! conditions and the measures of deterioration

are therefore probably smaller than they should be.

Condition 2. TableV/on page39shows that for the blocks test and the

two bolts sub-tests there is considerable deterioration between trials.
The average performance score onvthg blocks tests for the first trial
waé 110.4 seconds which increaséd to 122.2 seconds after seventy
minutes of exposure. Perfofmance'on bolts sub-test A increased from
90.9 to 121.)s seconds aﬁd bolts sub-test B from hh.l toy57.9 seconds.
The mean deteriorated score is significant in the three cases.

The difference istscores between test periods 1 an@ 3 are significant
in each case.

Table 8 page33 shows the percentage deterioration to be as

followss
TABIE III
Blocks Bolts A Bolts B
TRIALS % Det. % Det. % Det.
1 &2 5.7 21,01 24472

1 &3 10,69 33.55 . | 31.29
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Tt will be noticed that the percentage deterioration is greater
between trials 1 and 3 or after seventy minutes of exposure than it
is between trials 1 and 2 which was‘after thirty-five minutes of
exposﬁre.vahe deterioration for bolts sub-tests A and B is consid~
erably higher than that for the blocks “test. This is possibly |
caused by the fact that larger muscles are used in the blocks tests,
also, the fingers lose heat to the metal nuté, thus reducing the

skin temperature of the hand.

Condition 3. It might be suggested at this point that subjects
under condition 1 should havé Eeen instruéted to seat themselves
and keep their right arm elevated at approximately the same angle
at which subjects under condition 3 had to keep their arms during
the exposure period. If any fatigue wes involved in adopting this
position, it would have then been equalized for the two conditions.
None of the subjects however, mentioned any element of fatigue
during the course of the investigation.

Table 6 page 30indicates there was considerable deteriorations
 between trials, although not as great as that for condition 2.
Performance scores on the blocks test increases from 105.8 seconds
for test period 1 to 112.1 seconds for test period 3. Scores on
bolts sub-test A increases from 86.1 seconds in test period 1 to
. 115:2 seconds after seventy minutes of exbosure and bolts sub-test
B increases from L5.2 seconds to 55.3 seconds in the third test
period.,

Table 8 page 33 expresses the deterioration in terms of

percentages:




TABIE IV
| Blocks Bolts A Bolts B
TRIALS % Det. % Det. % Det.
1 & 2 1.70 26,02 15.0L
1 & 3 5.95 33.79 22,30

Tt will be noticed here, also, that deterioration is greatest
.between test periods 1 ana 3 but because it is smaller than that
" for condition 2, it seems to indicate that the warm body to some
extent; countereacted the effects ;f cold on the exposed hand,
despite thé fact that is wam not sufficient to prevent impairment
in motor performance. The fingers were also warming up, which

would tend to reduce the difference in impairment between condition 2.

Condition L. Table 6 page 3Qindicates that for the blocks test,

performance scores decreased from 110.l4 seconds in the first test
period to 109.L seconds in the-third test period. For bolts sub-test
A the score increased from 89.3 Seconds to 91.2 seconds after seventy
minutes of exposure and bolts sub-test A increased from L6.7 seconds
to 4B.h4 secondé. However, none'of‘these scores are statistically
significént. The deterioration expressed in terms of percentages

was as follows:

TABIE V
Blocks : Bolts A Bolts B
TRIALS % Det. % Det. % Det. |
1&2 - .72 3.47 L.g2
1&3 ' - W91 2.13 3.64

- indicates a mean improved performance score.



EFFECTS OF CONDITIONS OF EXPOSURE

TABIE VI

ON PERFORMANCE OF THE TESTS

30

Bolt Sub-Test A Sub-test B

Condition Test Period N M Sd M 5d M Sd
‘ 31‘d 16 101.8 10.06 82 08 : 1107 9 hz 05 S 089
Cold Hand 1st 16 110.4 9.87 90.9 20.92 Lhel 8.62
Cold B@dy 2nd 16 11607 1@067 110,0 27 OBO 55 0 9 0311
‘ 3rd 16 122,2 16,97 1214 USellh 57.9 943
Cold Hand 1st 16 105.8 9.9u 86.1 18.21 L542 T80
3rd 16 112,1 10.90 115.2 25.40 55,3 9.33
Warm Hand 1st 16 110.h 12.7h 89.3 12.25 L6.7 .11
Cold dy 2nd 16 109.6 1hol3 92.4 16,00 k9,0 8 «90
3rd 16 109.4 13.26 91.2 15.20 UB.4 6421




TABLE VII

SIGNIFICANCE OF THE DIFFERENTIAL EFFECTS

"OF THE EXPERIMENTAL CONDITIONS

31

OF EXPOSUEE
Condition Test N Trials N D r 'D t P
Blocks
Warm BOdy 1&2 16 ‘).loz «91 1035 3011 00018
Wam Hand 2 &, 3 - 06 096 097 083 ou.Obb
l & 3 "500 087 1055 3023 00012
Cold Body d 1&2 16 6.3 89 1430 L.85 H Sig
Cold Hand 2& 3 545 78 2,92 1,88 .0600
1&3 11.8 56 3,76 3,19 001k
Warm Body  * 1&2 16 1.8 .76 1.83 .98 .3270
Cold Hand 2 & 3 LI.‘S 081 1073 2060 0009).1
1&3 6e3 O7 2,27 2.78 0054
COld Body # 1 & 2 16 - 08 089 1-72 ob? 0638“-
wam Hand 2 & 3 - 02 091 1057 0013 08966
1 & 3 'l 086 . 1063 ’5)4 05892
Bolts
Sub-Test
) A
Warm Hand 2&3 2 86 1.67 «12 8975
1 & 3 - 108 080 2002 089 0373‘4
Cold Body 1L& 2 16 19.1 85 3.87 L.93 V H Sig
Cold Hand 2 & 3 11-)4 093 5099 1.90 0057)4
1& 3 30.5 .78 849 3.59 .000L
Warm Body 1&2 16 22.4 .75 k4O 5.09 H Sig
Cold Hand 2& 3 6T 492 2.69 2,49 0128
l1& 3 29.1 .82 3095 T.37T H Sig
Cold Body 1&2 16 3.1 42 3.98 T8 o354
Warm Hand 2&3 1.2 .95 1.29 .92 .3576
1& 3 1.9 .39 410 Ji6 JOU56




TABLE VII (continued)

Condition Test N Trials N D 'D t P
Sub=Test
Warm Body 1&g 2 o5 oT6 1427 .39 66966
Warm Hand 2 & 3 -.8 T2 1,26 .63 L5286
2 & 3 "03 ‘7’4 1.25 023 06150
Cold Body 1&2 10.9 50 2.40 L.54 H Sig
Cold Hand 2& 3 2.9 77 170 1,71 0872
1&3 13.8 <68 1493 7415 H Sig
Warm Body 1&2 6.8  «37 2.87 2.37 .0l78
Cold Hand 2& 3 3.3 72 2.01 1.6h4 L1010
1& 3 10.1 L2 2,53 3599 H Sig
Warm Hand 2 & 3 "06 089 1016 051 .6100
1&3 1.7 o91 lells Leh8 1388

M




- TABLE VIIT

DETERIORATIONS EXPRESSED AS PERCENTAGES

Condition 1

Condition 2

Condition 3

Condition k

mms e, Eoete  Faer
1&2 3.93#  2.37% 1.17
2&3 oT5# «23 1.87
1&3 Le68#  2,13# o70%
lg?2 5.7 21.01 21,72
2& 3 h.98  12.5L 6458
1&3 10,69 33455 31.29
1&2 1.70 26,02 15.0L
2& 3 .25 7.78% 730
3&1 5495 33479 22.30
le2 728 3 192
2& 3 JAB#  L.3h 1.284#
1& 3 S1F 2,13 3.6k

33
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\Despife the fact that the body was allowed to get cold, it would
appear that the warming of the hand, although: it did not enable the
subjects to maintain complete eff'iciency in terms of what they did
under condition 1, nevertheless helped them to keep if near to
maximal efficiency.
| Figure 1, on page34a, summarizes the trend of the

performance scores from test-period to test-period, for each of
conditions of eiposure. It indicates that the all cold and the
cold hand-warm body conditions of exposure affect performance to
a considerable extent, and in a similar direction. The conditions
of all-warm and cold body-warm hand affect performance only
slightly.

We may conclude that the effects of cold are not wholly
local. When an individual is éxposed to'cold, application of heat

to a local part does not suffice to prevent some deterioration in

motor performance. It does on the whole, however, enable the subjects

to maintain a level which .is close to their initial level of
performance, but the improvement found under condition 1 is not

obtained.

ITI. PROBLEM OF INDIVIDUAL DIFFERENCES WITH RESPECTTO EXPOSURE
EFFECTS. ,

We have already shown on the basis of group results, that

~different conditions of exposure result in changes in test performance.

If it could be indicated that there is a real difference in the way
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that individuals react to these conditions rather than their
being affected more or less equally, it would be evident that there
is a problem of seleétion‘with respect to cold tolerance.

a) Differential effects of exposure to cold.

On the basis of mean differences, the effect of exposure to
cold is to increase the time scores on the motor tasks, but are
all subjects equally affected? If we correlate scores for blocks
test, trial 1 condition 1 with scores for the blocks test, trial 1,
condition 2, we have a correlation which is not affected by any
possible differential effects of exposure. If we correlate blocké
test trial 1 condition 1, with blocks test, trial 3 condition 2.
we have a’correlation which does take into account any possible
differential effects due to exposure. If these two correlations
are significantly different, it would indicate that there are real
differences with respect to individuals reactions to exposure. 1

The difference between r's for all warm(lst trial) vs‘all
cold (lst trial) and all warm (ist trial) vs all cold (3rd trial)

was tested for significance with the following results:

(1)
Blocks test

All warm (1st trial) vs. all cold (ist trial) r = L2 n= 16
A11 warm (1st trial) vs. all cold (3rd trial) -.r = .37
All warm vs. all cold (1st trial) -.42 2 N-3

4 L8 13

In testing for these differential effects, the general method
adopted was to calculate the difference between two observed correlations
by R.A. Fisher's Method - R.A. Fisher Statistical Methods for Research

Workers, (London: Oliver & Boyd, 1938), P. 208.
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A1l warm vs. all cold (3rd trial .37 388 13
T. Score = ,153 P = 8808
(11) |
Bolts Sub-Test A
All warm vs all cold (lst trial) - r = ,56
All warm vs all cold (3rd trial) - 5 = .30

T score = .§22 P =22
(44i) -
Bolts sub=-test B _
All warm vs all coid (1st trial) _r= .38
ALl warm vs all cold (3rd trial) _ r = .16
‘T score = ,608 P = ,548L
These results indicate that the individuals are not °
differentially affected by exposure to cold. If the T scores are
low for cpndiiions where deterioration is great, it is‘not likely
‘that wé would find differences between the other two conditions
where the deterioration is smaller.
In view of the high coefficients of reliability (page&l)
one might expect a high correlation between the first tria; fo? the
all warm condition and the first trial for the all cold condition,
since the only difference between the two is the fact that the tesﬁs
for theall cold condition (1lst trial) were performed in the cold room
(with exposure of approximately‘three minutes), rather than the warm
room. The data however, indicates»that the results of tests cohducted

in the warm room are not the same as when they are conducted in the
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cold room with approximatelj three minutes of exposure - the test-.
retest correlation for blocks'! test in warm room was «87  which falls
£o 42 when the tirst test periods in the warm room and the cold room
are compared. One contributing factor may be the nature of the
experimental design.

The rotation method of presenting conditions was employed with
the intention of balancing out‘for the group what practiée effects did
exist, so that the mean scores would be comparable on the basis of
the variable conditions of exposure. While differences between mean
scores appear to be well protected against variable practice effects,
neverthiess they may still affect cofrelations. Some of the subjects
that performed under the all warm conditions would be presumably
worse than the subjects that performed under this condition the third
oY fourth day of the experiment. This also appiies to the remaining
conditions of expostre. If practice effects are great, the tendency
will be to mask the high correlations which actually exist, when
.practice effects are equated. Such may be the reason for the low
correlations shown above and, if this could be taken into consider-
ation, individuals may be found to be differentially affected by
ekposure to colde

Correlations were calculated between condition 1 (test périod 1)
and condition 3 (test period 1) and between condition 2 (test period 1)

and condition L (test period 1). Individuals subjected to condition 1

~and 3 all performed the test bettery in the warm room, whereas individuals

subjected to condition 2 and 4 performed in the cold room. Since
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practice effeéxs between conditicns 1 and 3 would be equally as great
as between conditions 1 and 2, then if we find high correlations here,

it would indicate that practice effects are of little consequence and

the low correlation between conditions 1 and 2 are due to the conditions

of the room and the conditions of testing., The results of these

correlations are as follows:

Blocks Bolts A Bolts B

Condition 2 (trial 1) vs condition 4 (trial 1) r

Condition 1 (trial 1) vs condition 3 (trial 1) r

«50 «65
The low correlations indicate that practice effects are the'
cause for the discrepancies found in test performance when +trial 1

in the warm and trial 1 in the cold room are compared.
IV, THE RELATION OF HAND - SKIN TEMPERATURES TO IMPAIRMENT SCORES:

At the end of each exposure period, just prior to the second

and third test - periodg, the skin temperature of the right hand of

each subject was measured. Each subject was given a thermometer and

was instructed to keep its bulb against the palm of his hand until

the reading remained at a constant levels There are a number of

shortcomings in this measuregent, but these did not seem too important

in view of the gross differences with which we are to be concerned.

On the basis of no better knowledge, the temperatures at the beginning

of an exposure period and at the end of the exposure peried were

averaged - the assumption being that the member had endured the mean

temperature over the whole period.

In assessing the relationship of skin temperature to changes in

7 L6

«63
45

efficiency only the three conditions where the individuals were exposed
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to cold have been taken into consideration. Thus two sets of
forty-eight measures of skin tempe¥ature for each of the three motor
tests utilized in the experiment were obtained. The first set is the
average of the skin temperatures before starting the tests and the
temperature after thirty-five minutes of exposure. The second set is
the average of the initial skin teﬁperature and the temperature before
the second exposure period.

There are abnumber of ways be which the relationship between
skin temperature and deterioration or maintenance of efficiency
might havevbeen assessed - Two mainlapproaches have been utilized:
-(1) the use of skin temperatures that have been averaged, employing |
quintiles,

(2) the utilization of skin temperatures at a given point.

a) 1lst Method of analysis

The subjects were grouped as nearly as possible into five
equal groués, the warmest being at one end of the scale, the coldest
at éhe other. Deterioration scores were caléulated and the scores
which were associated with each of the measure of skin temperature
were then averaged for each quintile. The results are shown below in
table lX.‘ Impairment scores refer to the difference in score between
'test-period 1 and test-period 2 or 3. Where the score is positive it

represents an improvement, where negative an impairment.



n
Range of temp. ( 35)

Mean Imp. Score

Range of temp. (70')

Mean Imp. score

Range of temp (

Mean Imp. Score

Range of temp (

Mean Imp score

n

351)

n
701!)

TABLE IX

BLOCKS TEST

Periods 1 and 2

1 | 2. 3.
8 10 -~ 10

35-32 31-28  27-25
2.5  =3.0 =Tel.

Periods 1 and 3

10 11 11
36=32 31-25  24-23
3. LSk -2.63

- BOLTS - SUB-TEST A

 Periods 1 and 2

1, 20 3'

8 10 - 10

35-32-  31-28  27-25

-1.12 -6.2 =22.9

BOLTS SUB-TEST A

Periods 1 and 3

lo 2' . 3.
10 11 11
36-32 31-25  2u-23

-1.8 "15 063 2}4

Quintiles

Lo

ba 5’

24=23 22=-17
-h .77 . -Ll 036

22-21 20-15

-12.33 -17.55

Quintiles
).l.o 5'
9 11

2L-23 22-17

-2255 -18.27
ho 5’
9 1

22-21 20-15

~27.66 -L656



BOLTS SUB=TEST B

Periods 1 and 2

. 2 3 Lo B

| 8 10 10 9 1
Range of temp, (7(!?)i ') 3532 31-28 27«25 223 2217

\

Mean Imps Score  m3037 =29 =88 <12,k -9,18
Periods 1 and 3 _
1, 2, 3 Lo Se
10 11 11 9 7

Range of temps ( 713’ ) 36=32 21p25 2h-23 22-21 20-15
Mean Imp, Smre 4 «243 =i, 9 9,36 «13477 =15

| In Table IX the progression of impairment scores accompanying
lowered skin temperatures, indicates a general relationship between
fall of temperaﬁnre and impairment of performance, but these mean
scores hide meny exceptions to the general trend, Impaired performs
~ance does not always result from a fa;l of skin temperature,

For the 'blocks' test, the lst and 2nd quintiles shown an
improved perférmance in the ékin temperature ranges from 28-35° ¢
when periods 1 'abnd 2 ai‘e eénsidered. As the skin temperature falls,
it is accompanied by deteriorated performance, Considering periods
1 and 3 after seventy minutes of exposure performance improves in
the first qﬁintile and thereafter diminishes as ’chve skin temperature
is reduceds Bolts sub-tests A and B start out with a mean deteriorated
performance at the warm end of the séale., This was possi‘o]y due to

the fact that the cold bolts caused a rapid cooling down of the fingers,
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touching the cold metal of the nuts, may have slowed down the performance.

It mayvélsp be observed from this table that with a given period of
exposure, the lower the temperéture, the greater was the impairment.
Also after’seventy minutes of exposure, deterioraﬁion is more marked
than it is after thirty-five minutes exposure and in all cases,

the lénger the duration of expoéure, the lower the‘skin temperatures
‘fell. | ”

The use of quintiles doés not pefmit a direct compérison of
score ranges in assessing the effects of duration. The assumption
made in treating the scores was that there was a continuous uniform
rate of fall. However, in some cases the‘hand cooléd down rapidly
and waﬁ at a "loﬁ" temperature for a considerable length of time,
whereas in other cases, hand cooling was much slower and as a result,
the hand did not endure the low temperature'as 1ohg as it did when
cooling was rapid. Another approach to the problem af duration

is shown below.

v/ 2nd Method of Analysis ‘

It was believed that the length of time that the body was
exposed was of considerable importance in affecting the time scores
on the motor tests. The second method of analysis used in this
section presents essentially the same data as was used in the former

section, but is in a different form. Figures 2, 3, and L, p.43a

show the skin temperatures after thirty five minutes of exposure, which

are plotted on the ordinate, and the temperature after seventy

minutes of\the abscissa. Plotted against these two axes are the
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The data on the scatter diagrams was grouped into classes

of equal step intérvals so that the effect of duration at a given
temperature range could be studied as well as the relationship
between lowered skin temperature and impairment. The performance
scores falling within each of these intervals for both the thirty
five minutes énd seventy minutes exposure periods were summated.

The results were as indicated below.

TABILE X

Blocks Bolts Bolts
Sub~Test A Sub-Test B

Iength of exposure 35! 70! 351 70! 35t 70!
Temperature Range
38° - 34 ° ¢ -1.9 0 I 1.7 3
33° - 29° 83 -2.6 9.7 8.5 3.3 3.1
28° - 21° - .1y ~5.5 15 22 8.5 12.5
23° - 19° 2.5 7.5 7.5 19 15 6.5
18° - 1y’ 5.2 8.2 13.9 23.4 7.6 12.4
°. 9° 6.1 12.6  28.2 39,7  10.9 1h.9

13 - 9

- Indicates improved scores
4 Indicates deteriorated score

The results indicate that duration of exposure
to cold is a factor of considerable importancé in affecting the

deterioration in performance scores. There is some variability in
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the mean performance scores in the upper ranges of the table which

includes the warm skin. There is no appreciable difference between
the thirty-five minute and the seventy minute exposure periods down
to the seéond temperature range which is to 290 C. Here, practice
effects are showing up. However, in the lower skin temperature
ranges from 28° to 2h° Cy deterioration is more marked for the two
bolts sub-tests after seventy minutes of exposure than it is after
thirty-five minutes. From the skin temperature ranges twenty-
three to nine, the detefioration‘is consistently greater after
seventy minutes of exposure than it is after thirty-five minutes
for the blocks test and both of the bolts sub-tests.

Additional evidence concerning the importance of duration
of temperature arises from a comparison of the mean skin temperatures
of the group at the end of thirty-five minutes and at the end of
seventy minutes exposure, and a correlation of the skin temperatures
at each of these points. The results are as follows:
Mean skin temperature after thirty~five minutes exposure.... 21.80 C
Mean skin temperature after seventy minutes expoSur€........ 20,96 C
DI ferenCeescsceeessscesssacccscassssseencossssssscsscansnne o8l C
Teooosossesssesaresccaceccsoccsossncsscsnssncsvssscscssncance 89

The average skin temperatures differ by only .84 C and the
coefficient of correlation is high. This analysis indicates clearly
that, on the whole, each individual has stablized his hand-skin
temperature by the thirty-five minute mark. It would appear, then,

that duration of cold is a factor of importance in affecting performance,
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since skin temperatures are stabilized but deterioration continues.
The scatter diagrams were divided into three categories

with the intention of studying deterioration and the effect of

duration from the viewpoint of a critical point, falling below

28° C in neither period, falling below 28° C in the last period,

but not in the first, and falling below 28° C in both periods.

The individuals that maintained their skin temperature at 2800 or

higher in both periods were those under the condition of cold-body,

warm hand, the temperatures being maintained by local application
of heat. Those whose skin temperatures were cold in both periods
were the subjects experiencing the conditions of cold body-cold
hand, and warm body-cold hand. The results are summarized in
Table X/ , on page 47 .

It was ahticipated that the results would further substantiate
the hypothesis formulated - namely, that impairment scores are
directly related to the length of time that an individual is exposed
to cold. Figures from Table)(!, in general, confirm this hypothesis.
In the case of the bloéks test, the subjects that maintained their

skin temperature at 28°C or higher during the two periods had a mean

improved score both for the thirty-five minute and the seventy minute
exposure periods. Although there were 5 subjects after thirty-five

minutes exposure and nine after seventy minutes exposure that had a

deteriorated performance in spite of the fact that their skin
temperatures were high, their performance was only very slightly
impaired, hav ing been maintained close to the mean score. This

also applies to bolts sub-test A, which shows a mean improved score




SUMMARY OF FIGURES - 2, 3, &

35 minute exposure

b7

70 minute exposwre

Falling below ,
15 10 5 =l.3 6 9 -1k
o BOLTS A
287 C in
15 11 L -1,3 11 R
TS B
neither period E"‘OL"'""" ,
15 6 9 #1.5 6 9 41,1
Falling below BLOCKS .
2 - 1 1 42,0
280 C1n the 2 1 1 ko $2.5
but not in 2 - 2 433,0 - 2 $39.0
the first -
BOLTS B
2 - 2 §9.5 - 2 4940
' X
Falling below BLO A S
31 8 23 #4,8 6 25  $9.2
BOLTS A
280 ¢ in —
31 I 27 419,0 1l 30 429,6
BOLTS B
both periods :
31 6 25 $8,6 3 28 $12. 4
@ indigates imgaired score

(3

indicates improved

score
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‘after thirty-five minutes and after seventy minutes exposure. Bolts
sub~test B was always performed after bolts sub-test A. This means
that by the time the first sub-test had been completed, the subjects!
skin temperature had fallen a little, and this factor might possibly
be the reason that the mean performance score for this test was
impaired by 1.5 seconds after thirty-five minutes exposure and 1.1

seconds after seventy minutes exposure, despité the fact their

temperature had not fallen below 28° G.

For the two subjects whose temperature fell below 28°C in the
last period, the mean score after thirty-five minutes exposure on
the blocks test was improved, whereas it was impaired after seventy
minutes exposure. For the two bolts sub-tests it was impaired, the
score for bolts sub-test A being mdre affected from cold after
seventy minutes exposure than after thirty-five minntes, Héwever,
for bolts sub~test B, the difference in mean score differs by «5
seconds, being slightly higher after 35 minutes exposure. It might

be pointed out that the data for the subjects'whose temperature

fell below 28° ¢ in the last period is not too reliable, for there

are only two subjects that fall within this category. It might
have been prefersable to include these two subjects in one of the
two major groups, but since they fell in a different category, they

are kept separate.

For the thirty-one subjects whose skin temperatures fell
below 28° C in both periods, the deterioration scores are, for the
three tests, greater after seventy minutes of exposure than after

thirty-five minutes.
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The frequencies with which individuals fall in the categories
of maintaining their skin temperatures above 28° C, and those whose
skin temperatures fall below 280 C in both periods is tested for
significance, This gives an indication 9f whether or not the means
are affected by one or two extreme cases. Only the seventy minute
exposure period is taken into consideration, and thé Chi square

method is utilized in this comparison. The results are as follows:

a/ Blocks (lst Category) vs  Blocks (3rd Category)

Not  Imp. Imp.

| 3.91 11,09

Warm [ 6 9 15
8.09 22.91

Cold| 6 25 31

12 34 L6
12 2{ 15 = 3,91

2 2
3.91 17,09 809 2vr :

Probability of a deviation greater than 2.23 is between .10 and .20.
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b) Bolts sub-test A (Ist category) vs Bolts sub-test A (3rd category)

N t_Jh%%_
° 3.9 11,09 -
Warm 11 Lo 15
8.09 22.91
Cold 1 30 31
2 | o3 |
12 x lS = . W91
=55 349
2
X = 25.79
P = highly significant

c) Bolts sub-test B (lst category) vs Bolts sub-test B (3rd category)

Not Imp. Imp
293 12.07
Warm 6 9 15
6,07 211,93
‘Cold 3 28 31
9 37
9 .X 15 - 2.
m 93
¥ z5.93
P = between Ol and .02

Probabilities are significant for the two bolts sub-tests.
They are not, however, significant for the blocks test, despite the

fact that only three individuals have shifted over from a performance
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score that was not impaired to one that was impaired ie in a comparison

of bolts sub-test B with the blocks test. However, it will be noticed
that the pattern for the blocks test is much the same as it is for

bolts sub-test B.




CHAPTER V

SUMMARY AND CONCLUSION
I. SUMMARY OF THE EXPERIMENT

l. An experiment was conducted to determine the effect of
different conditions of exposure to cold on motor performance -
primarily with the intention of determining whether or not motor
efficiency might be maintained by applying heat to a local parte.

2. The experiment consisted of three timed motor tests,
performed under four conditions of exposure, by a group of
sixteen subjects.

"3. The tests used in the experiment were the blocks test,
bolts sub-test A, and bolts sub-test Bs These constituted the test
battery.

e The sixteen subjects were male University studeﬁts,
between the ages of eighteen and twenty-seven, and all in good
health,

5. Warm and cold hand were regarded as two anchorage points
in deciding what conditions of exposure were to be used. These may
have two different combinations - namely warm and cold body.
Therefore, the four conditions of exposure utilized were warm hand -
warm body, cold hand - cold body, cold hand - warm body and warm
hand - cold bodye.

6. The experimental plan called for four trials - one
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trial under each condition of exposure. Each itrial included three
'presentations of the test=battery. The first presentation was
given as soon as the subject entered the room; the second after
thirty-five minutes of exposure and the third after a further
exposure of thirty-five minutes.

7. The experiment was carefully éontrolled throughout,
in order that an analysis of the effects of the various conditions
of exposure upon performance might be made. A master plan, drawn
up before the actual testing was begun, was so designed that the
order of rotation was balanced for each condition of exposure.
In an attempt to eliminate cooling of the hand at random, the
subjects with warm body - cold hand, and cold body = warm hand,
performed both of the bolts sub-tests before the blocks. However,
for the other two conditions of exposure, the tests were presented

in rotation.
IT. DISCUSSION OF RESULTS

The Tests. 1In the first four chapters, the manner in which
this investigation was carried out has been described, and the results
have been presented under several separate headings. In this section,

observations that were made during the course of the experiment
regarding the tests chosen, will be noted in the discussion of each

test.

The Blocks Test. The blocks test, although not as sensitive
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in measuring differences in the performances of the subjects due
to exposure to cold, as were bolts sub-test A and B, neverthless
were quite satisfactory. Depending largely upon finger dexterity
for speed of performance, motor impairment due to cold exposure
was quite obvious,

Having no moving parts, the blocks test was not mechanically
affected by the cold., In addition, the wooden blocks did not

conduct warmth from the fingers of the subjects. These factors,

together with the simplicity of the movements involved, contributed
to make this test the most reliable in the battery.

Bolts sub=test A. Bolts sub=test A also proved to be a

highly reliable test. The coating of the bolts with glycerine
tended to eliminate free spinning of the nuts, and since the test
was used indoors, it was not affected by exposure to the winter
elements. The heavy metal nuts did, however, conduct warmth from
the fingers of ﬁhe subjectss This sub-test proved to be very
sensitive, as impairment in motor performance was quite marked when

the subjects were exposed to cold.

Bolts sub-test B. This sub-test had a test-retest reliability

of 7L, which was lower than that for both the blocks test and for
bolts sub-test A. Tt proved sensitive however, in measuring the

motor impairment due to exposure to cold. As in bolts sub-test A,

the colcd metael nuts conducted warmth from the fingers.
In the event that both of these tests be used in a future

investigation, it might be suggested that this test be separated from
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bolta sub-test A to better enable the control of series effects.

The conditions of exposure. The enviromental conditions

of exposure were well controlled, since the investigation was
conducted indoors. The temperaturé in the warm room was nearly
constant - between 33 and 3& C. The temperature in the cold raam'
varied from -1°C to -8°C. The heating pads provided a consbant

amount of heat. Although our investigation revealed that appli-

cation of heat to alzcal member helps to maintain close to

operational efficiency, nevertheless the problem exists of how

much heat is requiréd to prevent extensive deterioration in

performance. It would be desirable to repeat this experiment,

using different amounts of heat in en attempt to determine the

amount most conducive to maintenance of operd@itional efficiency.
111. CONCLUSIONS.

1. The blocks test and bolts sub=-test A proved highly
reliable tests. Bolts sub-test B had the lowest test-retest
reliability.

2. When the data for all the subjects, under all condi-

tions of eXposure were analyzed, the effects of wxposure upon

performance were found to be statistically significant for t he
two exposure conditions of cold Body~cold hand and warm body -

cold hand. For the condition of cold body =-warm hand, the data

shiowed little change in performance.

3. Application of heat to a local part, when the

remainder of the body was exposed to cold, did @ event deterior-

ation in motor performance as it enabled the subjects to maintain
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near maximal effieiency.

Q. In a comparison of the first test-periods, results of
tests conducted in the warm room were found to be different fran
when they were conducted in the cold room. It was concluded
that the experimental design obscured, if present, any indivi-
dval differences in the respénse to cold.

5. Tiue lower the skin temperature the greater the

impairment.

6. Duration of exposure to cold is a factor of consider-

able importance in affecting the deterioration in performance
scores. Deterioration was in all cases greater after seventy
minutes of exposure than after thirty~five minutes. |

7. The longer the duration of exposure, the lower the
skin temperatures fell, until thirty-five minutes had elgpsed,
at which time they appeared to have been stabklized.

8. Results suggest that the effects of Qold enviroment
as used in this investigation within the seventy minute range

of exposure are explicable due to the drange in temperature of

the local part.
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APPENDIX A
-RAW SCORE DATA FOR BLOCKS
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Condition 1

Candition IT

Trial

Subjeect Trial Trial . Trial Trial Trial
1 2 3 1 2 3
1 112 110 104 106 103 103
2 115 101 95 99 105 113
3 86 85 83 98 111 116
k 108 107 109 123 132 126
5 1 110 110 115 130 175
6 95 86 91 98 98 102
7 130 128 119 126 132 135
8 101 93 92 98 102 100
9 116 109 112 113 116 123
10 - 125 117 112 11 117 123
11 106 111 106 128 127 134
12 99 92 100 117 115 117 -
13 95 95 99 102 113 116
1y 112 113 115 108 L2l 129
15 89 90 88 Li7 125 121
16 105 9k 93 105 117 121

. .
Condition IV

Condition III

:

Subject Trial Trial Trial Trial Trial Trial

Tg 1 2 3 1 2 3

M
95 102 - 108 95 93 106
99 98 102 95 98 95
90 89 98 88 91 Sl
108 116 119 120 119 121
119 125 137 115 125 120
118 104 107 100 100 92
115 122 128 10 16 145
89 102 106 126 113 118
11y 116 118 118 118 109
11 112 122 115 11k 116
103 108 - 122 103 107 108
102 102 102 110 99 102
112 98- - 112 105 95 95
117 121 109 110 117 113
9L 98 97 107 99 lou
103 108 106 120 119 113 -



RAW SCORA DATA FOR BOLTS SUB/TEST A

APPENDIX A (continued)

e

Condition I

Condition IT

59

Subject Trial Trial Trial Trial Trial Trial
1 2 3 1 2 3
1 92 85 "85 97 9l 110
2 66 65 68 82 100 102
3 82 83 85 71 101 93
I 99 100 104 8L 107 118
5 92 81 80 5 196 286
6 87 81 77 91 98 100
7 93 91 107 90 122 129
5 04 105 98 123 138 138
9 67 61 bl 77 78 $0
10 97 96 81 101 119 111
11 70 Th o) 6L 97 126
12 82 78 50 8l 83 88
13 6y 71 75 93 97 112
1h 19 19 T8 100 126 129
15 76 77 Th 55 88 90
16 99 9k 93 98 116 120
Condition III Conditien IV
Trial Trial Trial Trial Trial Trial
1 2 3 1 2 3
92 112 125 92 8u 89
75 135 113 87 86 80
73 104 117 85 . 93 88
83 85 9k 99 91 99
112 120 152 96 110 106
76 91 96 80 76 78
132 18 162 75 126 129
110 172 156 119 103 104
62 76 87 96 101 93
100 122 138 98 98 99
82 102 115 102 92 92
79 71 72 80 i 79
76 91 100 78 70 69
76 120 116 85 04 103
65 99 110 66 65 66
85 88 90 90 100 85




APPENDIX A ( continued )

RAW SCORE DATA FOR BOLTS SUB-TEST B

Condition I Condition IT

, , Trial Trial Trial Trial Trial Trial
Subject 1 2 3 1 2 3
1 by 52 L5 L6 Sh 57
2 L3 57 Lo L7 52 53
3 38 39 Ll 34 68 51
L Lé L6 b5 L8 55 68
5 u3 w9 L7 - 65 (-] 87
6 L9 Lo b5 hi y2 56
T 50 - 50 u5 Ll bh - 53
8 u3 b6 Sk 53 69 68
9 35 Ll 35 LO L6 - 50
10 50 u2 L 50 59 56
11 Lo 35 39 33 55 60
12 37 Lo 34 L6 L3 L6
i3 33 35 39 37 52 53
1 36 36 Ll L7 54 57
15 36 36 3 28 51 - 50
16 61 58 54 L9 60 55
Condition III Condition IV
Trial Trial Trial Trial Trial Trial
Subject 1 2 3 1 2 3 .
Sk 51 59 6l 51 53
Lo 52 51 5L 53 5
37 56 52 39 L6 -4l
b6  E3 5o LYy L9 u6
60 52 76 52 53 60
34 L6 52 38 hs L2
51 Sk 58 L1 55 52
51 g2 ™ 54 57 55
hh Ll L7 55 56 52
38 95 69 56 .52 52
L5 52 5l 41 bl Ll
38 36 37 36 4O - 38
42 Ly L9 37 38 . Lo
L3 50 Ly hs ouy S
35 b3 61 31 31 37

59 62 51 55 70 55




APPENDIX A (continued)

HAND SKIN TEMPERATURES OF THE SUBJECTS
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BEFORE STARTING AND AFTER COMPLETION OF THE TEST-BATTERY

Subject I - Subject II
Condit. Ty T, Ty T, Ty T, Ty T, Ty Ty, Ty T, Ty T, Ty T,
No. exp. 26 26 32 21 27 2828 20 35 35 29 24 35 35 29 24
" 35texp. 31 32 13 11 13 2935 21 32 32 15 16 15 21 35 25
70" expe 33 33 11 13 13 27 35 22 33 33 13 13 12 20 35 25
Subject III Subject IV
35 35 31 32 31 3335 33 35 35 36 36 36 35 35 22
36 35 16 1y 1y 2236 25 35 32 17 1y 17 33 35 22
36 35 1y 13 14 2137 28 32 30 15 13 15 33 36 21
Subject V Subject VI
20 29 22 13 27 2922 23 33 34 31 27 31 31 33 29
23 24 11 9 16 2533 15 32 33 15 16 27 28 30 22
24, 26 8 1y 17 2232 18 33 33 1 16 18 23 32 26
Subject VII Subject VIII
23 24 25 22 28 3028 33 29 32 33 22 33 32 31 31
32 28 17 12 13 2032 19 34 33 17 16 13 25 34 23 .
28 26 11 11 1727 16 33 32 15 15 11 22 34 21




APPENDIX A (continued)
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—
—

e —

Subject IX Subject X
Condit, T, T, § T, Ty T, T, T, Ty T, ?B T, Tp T,
No exp. 3L 35 30 23 36 3628 21 26 17 27 28 26 19
35texp. 35 35 20 18 22 32 33 22 13 13 12 22 33 24
70" exp. 35 35 17 16 21 30 33 23 13 13 11 22 35 21
" Subject XI XII
36 36 36 36 33 3324 16 34 34 33 33 34 25
33 33 15 15 9 28 35 23 15 1y 1y 29 37 25
35 35 13 8 11 28 35 22 15 12 13 30 36 25
Subject XIII X1V
35 35 36 27 35 3636 23 33 30 36 36 35 36
35 36 18 17 28 3333 23 17 19 13 21 35 23
3 36 1 Ly 21 28 33 2 1, 18 28 29 35 24
Subject XV XVI
33 32 26 30 34 3534 24 28 23 32 32 32 37
32 32 9 7 12 2236 24 11 16 15 23 36 25
32 33 9 7 12 2137 24 1h 11 1y 25 32 23
N.B. TB : Temp; before
T Temp. after
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APPENDIX B

STATISTICAL FORMULAE

= &X
The Arithmetic Mean:!' ¥ N

The Standard Deviation or SD.

a/ SD = 2_22.2. - iXi 2
N N - (where N is large)
= 2 2
b) s -/EX 2.9 (where N< SO)3
N-1 N(N+1)

c) 8D °rS=F<1—M1)‘+z(Xz-Mm2
(Ng = 1) + (Np - 1)

(when two small independent samples are pooled) b

The Standard Error (SE) of the Mean (0H).

, - SD e raman)D
a)e SEmean = T (where N is large)
- SD
b). SEmean - AT=T— ( where N(50)6

The Standard Error of the Difference between Means,

a) db, OR

ol -4 = Vot + cup

(for uncorrelated means, where N is large)7

1 H.E.Garrett, Statistics in Psychology and Education, (third

edition, New York, Longmans, Green and Co., 1947)

§ Ibid., p. 62.
- Ibid., p.189.
4 Ibid., p.206.
° Ibid., p.18L4
¢ Ibid., p.189
7

Ibid., p.198.
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APPENDIX B  (Continued)

i/ — -
b) sy = < (X1-1,)° T £ (Xo-Mp) 2 ﬁ1+no
(Nl'l)t + (Np-1) Ny No

(for small independent sam.ples)8

c D= 2 - 2r
) VN Hu, 120y 10K
(for correlated means)9

10
.The Critical Ratio.
cr = D (where D = Ml - Mz)

—escns

The Coefficient gg Correlation.

a) r= NXY - (X (1Y)
VINEXS - (2X)4d [ygy2 - ( 1)@

(where N is large) H

b)° =1 - _6D 2 |
N(NC - 1) (where D = rank-difference
in X and Y)
(where N 3 10)12

Ibid., p. 206.

Toid., p. 209.

10 _
Ibld.', P 1990

H ____.._Ibid‘, p. 292.

12 .
Ibid., p. 3L5.





