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CHAPTER 1
THE PROBLEM AND THE METHOD OF APPROACH
1. INTRODUCTION

For centuries a small proportion of the population of the
world has lived in regions where, for the greater part of the year,
the temperature lies below the freezing point, and remains for months
at a stretch at an extremely low level.

The nature of the physical environment of these regions during
the long winter months is such as to discourage any outdoor activities
except the vitally necessary ones relating to the provision of food
and fuel. .

For a long period of time hunting, trapping, and fuel-gather-
ing were the main cold weather activities, and the only medium of
transportation was the sled, drawn by dog team, or by horse. During
this period the effects on muscular activity, and especially on
finger movement, due to exposure to cold, were observed. Only in
occasional instances, however, were these effects of significance to
the early settlers.

The development during the present century of mineral and
fuel resources in the far North of Canada effected a rapid opening
up these regions to industry, with the consequent expansion of
mechanical transportation to and from the developed areas. Railway
trains and airplanes operated winter and summer, and tractor trains

began to move as soon as the lakes and muskegs were frozen solidly
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enough to bear their weight. Construction and repairs were carried
out under weather conditions of all kinds. The need for definite
knowledge of the effects of this severe winter cold on the men who
performed the greater part of their work outdoors was increasing.

The difficult conditions encountered by the Allies in the
second World War in maintaining operational fronts in Arctic waters
and territories caused this growing need to become of immediate and
pressing importance, and the result has been the beginning of an
intensive scientific study of the effects upon man of the severe

environmental conditions obtaining in Arctic or sub-Arctic regions.
11. THE PROBLEM

Statement of the problem. It was the purpose of this study

(1) to make an objective evaluation of the effects of exposure to
severe winter conditions on the performance of simple motor tasks;
(2) to assess the modifications of the effects of exposure resulting
from exercise and isolation and (3) to determine the relationship
between these effects and (a) the skin temperature of the hand, and

(b) the subjective feeling of cold.

Importance of the study. A considerable amount of research

has been carried out relating to the effects upon man of environ-
mental extremes. The greater part of this work, however, has applied
to the environmental condition of extreme heat. Moreover, of the
meager literature extant pertaining to observations of andexperi-

ments upon the effects of cold on man, the major part describes



laboratory experiments carried out in cold-rooms under artificial
conditions both of environment and of forms of activity. In very

few cases are the effects of low temperature upon motor activity the
object of the study, and very rafely are the temperatures recorded in
these studies as low as those encountered under winter conditions in
Northern Canada.

With the growing importance of Canada's far Northern areas,
there has arisen a pressing need for scientific knowledge concern-
ing the effects of prolonged exposure to climatic extremes in the
direction of cold, upon the human being.

In order to obtain this knowledge, field experiments simulat-
ing as far as is practicable actual operating conditions while at
the same time maintaining a high degree of laboratory control, are
necessary, as are long-range studies carried out under highly con-
trolled conditions in laboratory cold rooms. Field experiments on
a comparatively small scale are being carried on by graduate
students at Canadian Unive;sitiea.

The aim of such research is to study the immediate and long-
term effects, physiological and psychological, of exposure to winter
conditions in arctic or sub-arctic areas. When these effects are
determined, the factors giving rise to them can be isolated through
refinements of the preliminary experiments. This knowledge of causes
can then be utilized to devise new and improved means for preventing
or retarding the onset of the undesirable effects resulting from this

extreme enviromment. Further empirical tests, again, will measure



the efficacy of these protective and preventive means.

The present study was undertaken as a small segment of the
large area of experimentation outlined above. It was designed to
yield information of practical value concerning the effects of cold
upon simple motor performance. It was intended also as a check on
the results of previous pilot investigations in this particular area

of research,l and as a guide to further research.
111. THE METHOD OF APPROACH

The problem of the effect of comparatively short periods of
exposure to conditions of severe cold upon the performance of simple
motor tasks is one which permits of an objective, quantitative
approach in the form of a scientific experiment.

Assuming that winter conditions do affect motor performance in
such a way as to cause deterioration in speed and efficiency, an
experiment was designed to yield objective data in the form of the
number of seconds required to perform given tasks.

An analysis of the data obtained by means of the experimental
procedure would then reveal whether the hypothesis -~ that exposure
to severe winter conditions of subjects protected by heavy outer
clothing results in a significant loss of speed of motor perform-

ance -- was contradicted or confirmed.

1 An example of such an investigation is the study of R.N.
Frizell:; "A Field Study of the Effect of Extreme Winter Conditions
on a Test of liotor Performance," (unpublished Master's thesis, The
University of Manitoba, Winnipeg, 19L9).
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Refinements in the experimental method were introduced which
would, in the event that the hypothesis was confirmed, make possible
the further analysis of the data to assess the extent of the deter-
ioration, the function of the time of exposure upon the effect of
exposure, and the differential effects of the conditions of exposure.

Further data, in the form of hand skin temperatures obtained
during the course of the experiment, and subjective reports recorded
during and after the period of exposure, were gathered in the expect-
ation that they would be of importance in the assignment of probable
causes for large individual differences in the effects of exposure
which might appear from subject to subject in any one trial, or in
the same subject on different trials.

The investigation, then, takes the form of a field experiment,
comprising simple motor tests which, while realistic, retain the
controls necessary to a scientific experiment. These tests are per-
formed under conditions approximating those encountered in outdoor
work, and are designed to yield objective, quantitative data which

admit of statistical analysis and interpretation.
IV. DEFINITIONS OF TERMS USED

Exposure. As used throughout this thesis, the term "exposure"
refers to subjection to outside winter conditions of men protected by
Army Arctic outer clothing worn over their normal indoor apparel. The
duration of exposure, between the first and last tests on any day, was

approximately one and one half hours.



Severe winter conditions. This was interpreted to mean an

outdoor temperature of -29°C. (-20°F.) or lower, with or without a
wind. For the subjects who remained inactive during the periods of
exposure between tests, a temperature of -23°C. (-10°F.) was consid-
ered severe when accompanied by a wind of 20 miles per hour or over,
especially if the relative humidity was higher than the normal for

the season.

Test. This term refers to any one of the three types of
test apparatus -- the "blocks", the "bren", or the "bolts" -- utilized

in the experiment.

Test-battery. The three tests mentioned above, when carried

out consecutively, formed the test-battery, or test group.

Trial. The testing activities carried out during any one day

constituted a trial. The outdoor trials included three performances
of the test-battery, with a period of activity or inactivity for

each subject following each of the first two performances.

Experiment. The full series of six trials -- a preliminary
indoor trial, followed by four outdoor trials and a final indoor

trial -- constituted the experiment proper.
V. ORGANIZATION OF THE REMAINDER OF THE THESIS

Subsequent chapters of this thesis will embody the following

considerations: (a) a survey of literature relevant to the investi-



gation (Chap. II); (b) details of the experiment proper, including

a full description of the nature and administration of each test, the
order and conditions of their presentation, and a note on the subjects
who participated in the experiment, with details of the outer pro-
tective clothing worn by them during the course of the experiment,
(Chap. IIT); (c) the presentation, discussion, and interpretation

of the data gathered during the course of the investigation, (Chap.
IV); and (d) the conclusions drawn as a result of the investigation,

together with suggestions for further experimentation, (Chap. V).



CHAPTER II
A SURVEY OF LITERATURE RELATED TO THE INVESTIGATION
I. INTRODUCTION

Specialized knowledge arises out of a definite need for such
knowledge. General statements concerning the effects of severe cold
upon the performance outdoors of a variety of activities can be had
from any resident of Northern Canada or of other equally cold areas.
Srecific statements as to the nature and extent of such exposure upon
a particular form of motor activity, on the other hand, can not be
based upon casual observation only, but must be founded upon the
concrete results of an intensive scientific study.

The need for specialized knowledge concerning the effects of
extreme cold conditions upon man became apparent during the Second
World War, when the Allies wefe forced to maintain operational units
in arctic waters and territories. The outcome of this need was an
intensified program of research activity directed towards the
attainment of a specialized knowledge of the effects of continued
exposure to a severely cold environmment. Such a knowledge makes
possible a more rapid development of preventive and protectiwve
measures designed to forestail or retard the adverse effects, both
psychological and physiological, of extreme cold.

While the need for specialized knowledge in the field of
cold research has intensified the activities of scientific research

in this area, the published results of such studies are as yebt very



limited. This is due, in part, to the fact that such research is
carried on under the direction of, or in cooperation with, the
Defense Departments of the countries concerned with the research, and
the results are, for security reasons, withheld. A further reason
for the scarcity of literature on the subject of cold research is the
fact that many of the investigations are of a long range order and do
not reach the stage of publication until years after they were begun.
In the present survey reports of experiments upon the effects
of exposure to cold have been supplemented by literature from the
fields of physiology and the psychology of the senses and emotions,
especially as these apply to the effects of cold upon the human

organism.

II. EXPERIMENTS UPON THE EFFECTS OF EXFOSURE

Inactivity and exposure. An important military operation in

cold weather is the immobilization of men for long periods of time in
such a way as to prevent them from indulging in even the slightest
movement from fear of having their presence detected.

In a2 cold room experimentl concerning the effects of such
immobilization, an observation was made of the reactions of soldiers
sitting quietly for periods of from two to three hours in environmen-

tal temperatures ranging from -1° to -40°C. Forty-five young men in

1S.M.Horvath, et al., "Some Observations on Men sitting
quietly in Extreme Cold,"™ J. Clin. Invest., 25:709-16, 1946. (Abstract)
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excellent physical condition were subjects for a total of 430 tests.
The subjects were clad in arctic uniforms.

The results of the experiment were as follows: shivering was
present in the third hour in most cases; there was a moderate fall
in rectal temperatures; mean skin temperatures fell precipitately
during the first hour of exposure but were stabilized before the end
of the test period; of all skin areas, the hands and feet exhibited
the greatest temperature change both in rate and in degree. The
experimenters further noted that responses of men exposed to cold
environments are subject to considerable variation, and extreme care
must be exercised in the interpretation of data obtained, whether on
a few, or on a large number of subjects.

The results of this experiment are not directly applicable to
the effects of exposure on motor verformance, but they do have a
relation to the present investigation, where a period of inactivity

between tests was one of the conditions of exposure.

Efficiency and exposure. In this investigation, two experi-

ments were performed. 1In the first, twenty-two men lived in a cold
chamber, at -20°F., for periods of from eight to fourteen days.
Tests were administered twice daily, before, during, and after the
reriod of exposure to the cold environment. The tests used were:
discrimination reaction time to visual stimuli, the Johnson Code
test, a gear assembly test, and a dynamometer hand grip test.

In the second experiment, seventy men were exposed to temper-
atures of from -10° to -1L4°F. for three hours. These men were tested

only with the dynamometer.
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The results of this investigation indicated that discrimination
reaction time was unaffected by the cold. Dexterity of the fingers
and strength of grip were markedly reduced in the cold. Decreased
performance on the code test in the cold was attributed to the loss
of finger dexterity.?

This experiment indicates that motor performance requiring
manual dexterity in comparatively intricate manipulations suffers a
marked loss in efficiency due to the effects of exposure to cold.

A recent experiment to determine the effect of exposure to
sub-arctic winter conditions on the performance of a manual déxterity
test, was conducted by R.N.Frizell.> The test was a timed one, and
involved turning down nuts on three series of bolts, each series of a
different size. Short periods of exposure resulted in a marked group
deterioration in performance. This deterioration also assumed a differ-
ential form, individual subjects being affected differently. The
results further indicated that acclimatized subjects suffered less
deterioration in performance than did less acclimatized men.

These experiments indicate that exposure to severe cold
conditions of subjects well protected by heavy clothing, does affect
the performance of motor tasks. The extent of the deterioration

differs from individual to individual, and is greater for tasks

2S.M.Horvath, and A.Freedman, "The Influence of Cold upon
the Efficiency of Man," J.Aviat. Med., 18:158-6k, 19L7. (Abstract).

3R.N.F‘r‘izell, "A Field Study of the Effect of Extreme Winter
Conditions on a Test of lotor Performance," (unpublished Master's
thesis, The University of Manitoba, Winnipeg, 1949), pp. 72-3.
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requiring finger dexterity than for activities involving only large
muscle groups. Physiological and psychological effects are also
brought about by exposure to intense cold. Some of these effects

will be discussed in the following section.
IIT. LITERATURE FROM PHYSIOIOGY AND PSYCHOLOGY

Effects of exposure. Exposure to low temperatures slows the

pulse and enhances the volume of the stroke. The volume of blood
flow remains the same until the physical conditions become extreme
and shivering takes place; Dboth the output and the pulse rate then
increase.h

At temperatures that require marked bodily adjustments, various
kinds of experiential concomitants emerge in the individual. ZLong
before there are outright physical difficulties, discomfort may develop,
and work may be interfered with.5

Where outdoor tasks involve muscular movements, they and the
physiological adjustments both work to maintain body heat against
losses encountered in cold surroundings. Contradiction between work
and physiological demands may develop in cold temperatures when the
muscular activity needed in the task performed is much less than that

required to move about and keep warm. Hence the task is constantly

hS.H.Bartley, Fatigue and Impairment in Man, (New York and
London, McGraw-Hill Book Company, iInc., 1947), p. 10kL.

EIbid., p. 100.
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interfered with by the urge to greater muscular activity, and this
provides a potentisl source of constant distra.ction.6 This is a
factor to consider in interpreting the performance of a test such as
the "blocks" test used in the present investigation.

Exposure to cold is one of the situations constituting a
state of stress, an emergency, in which dire consequences threaten
the integrity of the organism. In this, as in other situations
(pain, strong emotional excitement, vigorous muscular exercise,
asphyxia, states of lowered blood sugar), widespread sympathetic
activity leads to changes which anticipate or ameliorate the danger. 7
Some aspects of this sympathetic activity will be discussed in the

section on temperature regulation.

Temperature regulation. In order that man may function at his

maximum efficiency, physically and mentally, his body temperature must
be kept constant; within a very narrow range of variation above or
below this temperature his efficiency becomes impaired.

The maintenance of this constancy requires continuous active
adjustment to external temperatures. During active exercise, and
when external temperature extremes exist, the demands of adjustment
become difficult to meet.

In cold surroundings heat production must keep pace with its

6 mia., p. 99.

7 Carl Murchison, editor, Foundations of Experimental Psychology,
(Clark University Press, 1929), pp. L56-7.
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dissipation, and in this respect it is to be noted that air movement
and humidity are sizable factors in the impact, physically, of the
environment upon the 3’.nci:l'.1:‘:?.-5.11&1.8

The constancy of temperature of the human body is not maintain-
ed throughout, but, rather, varies several degrees from interior to
surface, and is not even uniformly warm at all surface points. This
temperature gradient involves a depth of an inch or more, and includes
approximately one half of the body tissue. It is the deep body tis-
sue which is maintained at the constant temperature (rarely varying
more than 1°C.); the surface tissue may vary 10°C. without impairing
motor efficiency, or even arousing the sensation of cold, and in cold
surroundings the temperature of the extremities may fall through 20°C.,
resulting in impaired efficiency of pérformance, but causing no pain
or damage to the part affected.’

From this picture of temperature variation in the human body
it has been concluded that deep body temperature is the controlled
variable in human temperature regulation.lo The heat regulating cen-
ter is in the hypothalamus and partakes of the controlled temperature,
being sensitive to the temperaturs of the blood flowing through it.ll

The controlled temperature of the body bears no fixed relation

8 Bartley, op cit., p. 10l.

7 This temperature drop and its effects were observed during
the course of the present investigation.

10 partley, op ecit., p. 102.

1 1pid., p. 103.
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to the temperature of the skin receptors. The heat regulating center
in the hypothalamus, and the skin receptors both function in the main-
tenance of deep body temperature, however, the former being sensitive
to the controlled temperature, and the latter not orly to the level of
temperature at the surface of the body, but also to the rate of change
of this temperature, and, possibly, to the skin-internal gradient in
temperature.12

The skin receptors, then, indicate the direction and extent
of changes in thermal demand from the environment.

Following such a change in thermal demand upon the organism
from its surroundings, there is an alteration of the level of the
controlled temperature. A heightened demand almost always results in
a slight rise in deep body temperature. This manifestation in the

human organism has been termed a load error or droop.13

The load error, (or rise in the deep body temperature resulting
from increased-thermal demand upon the organism) is made minimal by
the employment. of the thermoregulatory center in the brain in conjunc-
tion with the action of the peripheral 1'-(3cep*t.~:)rs.11‘l This combination
of central and peripheral temperature sensitivity enables the organism

to maintain a maximal over-all adjustment and efficiency relative to

12 1pi4., p. 103.
13

Loc. cit.

W 134, p. 104,
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the environmental conditions which it encounters.

The somatic changes that prevent the fall in deep body temper-
ature in a cold environment by increasing heat production are muscle
tensing, shivering, and medullari-adrenal secretion.l5 Increased
medullari-adrenal secretion (sympathetically activated) is the cause
of the increased production of heat and the consequent rise in deep
body temperature immediately following a heightened thermal demand
upon the organism. During inactivity, this action does not materially
alter heat production even under conditions of distinct deficit.

Marked heat deficit, however, gives rise to shivering, and heat
production is greatly increased during any form of muscular activity.l6

Working in conjunction with the function of heat production
are the somatic changes which act to conserve body heat. These sym-
pathetic activities are vasoconstriction and piloerection.

Heat loss is adjusted by shifts in peripheral blood circulation
only in the range of skin temperatures lying between 28° and 30° or
31°c. Below 28°C. no regulation of heat loss occurs through additional
vasoconstriction,17 although there may be other physiological changes
which act to prevent the body surface from losing heat. The existence

of such changes has not, however, been established.18

15 Thid., p. 102.
16 1pid., pp. 106-7.
17 Tbid., p. 108.

18 1bid., p. 122.
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Where exercise does not occur, heat conservation is more
marked than added heat production.l?

The discussion of temperature regulation in the human organism
has a definite bearing upon the interpretation of the results of the
experiments upon the effects of cold upon motor efficiency. In the
present investigation the differences in deterioration of performance
following the exposure conditions of activity and inactivity might
well be due largely to differences in heat production during these
two periods, with the accompanying deficiency of blood flow to the
arms and fingers of the subjscts who were kept inactive.

The psychological conditions of the exposure period also have
an important bearing upon the performance of the subjects. Nommally,
temperature regulation depends upon physioclogical stimuli. The inten-
sity of the subjective experiencing of the outer world, however, can
be an important factor in heat regulation. It has been demonstrated
that in suggestible individuals heat regulation can be controlled by
mental influences: if warmth is experienced (subjectively), actual
cooling is rendered partly or entirely ineffective in heat regulation;
on the other hand, if cold is experienced (subjectively), actual warm-
ing is rendered partly or entirely ineffective. Heat regulation,
therefore, depends upon, or corresponds to, the type and intensity of

the experiencing of the outer world by the individual; it can be

12 Ibid., p. 106.
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independent of the objective accuracy of this experience, and is not
only dependent upon the actual external conditions to which the organ=-
ism is exposed, being subject to the interpretation of these condi-
tions by the individual.20

In the present investigation the exposure éonditions of com-
pany and isolation presented different psychological conditions for
the subjects, who reported a greater sensitivity to cold and more
thoughts of feeling cold during isolation than during their periods
of exposure in company. Little difference in the effects upon per-
formance of these two conditions were apparent, however. This
difference might have been considerable had the subjects been less
adapted to severe winter conditions, and completely isolated for the
exposure period. For such subjects feelings of cold and worries about
their ability to stand the cold for the duration of the exposure
period might considerably affect their efficiency in motor performance.

The survey of the literature on the effects of cold upon the
human organism has revealed some useful and important information
concerning the physioclogy and psycholoé& of exposure to low ambient
temperature conditions. This informétion is, however, of a general
nature and yields no direct or specific answers to questions con-
cerning the nature and extent of the effects of exposure to extreme

cold conditions upon the performance of particular motor activities.

20 . Dunbar, Emotions and Bodily Changes, (third edition,
New York, Columbia University Press, 1946), p. 17k.
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It was the aim of the present investigation to present more
specific information concerning the effects of exposure to cold upon
particular motor performances, and to evaluate the effectiveness of
the tests chosen to measure these activities. It is one of a number
of pilot investigations in this largely unexplored area of research.

The results of such investigations have important applications
in the practical situations which they were designed to approach, and
are particularly useful in the design of further investigations.

The evaluation of the effects of tﬁe environment upon the
human organism is not a simple and straightforward matter. Taking
Iinto account the environment itself, objectively considered, is but
one part of this prohblem, The human organism!s interpretation of its
environment is also an essential factor, and this must not be over-

looked or underrated in such an evaluation.21

21
Thid., p. 52,



CHAPTER III
THE TESTS AND THEIR ADMINISTRATION
I. INTRODUCTION

The purpose of the present investigation was to obtain a
direct measure of the effects of exposure to severe cold upon motor
performance under a variety of oontroiled conditions.

In order that the results of the experiment might have a more
direct and meaningful application to actual conditions of work, a
test battery was sought which would contain elements approaching a
realistic manipulation such as might be encountered in outdoor work,
while at the same time permitting a high degree of experimental
control.

Such tests, in order to yield a high reliability coefficient,
would have to be mechanically simple, involving only simple motor
activities requiring a minimum of judgment or of precision in eye-
hand coordination, and depending rather on speed of hand and arm
movement. Three tests were chosen with these limiting qualifica-
tions as guides.

In order to isolate the effects upon speed of performance which
were due to exposure from the effects resulting from conditions inherent
in the experimental situation (such as series practice and fatigue
effects), it was necessany.to prepare a master plan of the order of

presentation of the tests from beginning to end of the experiment.

Further controls involving the clothing of the subjects, placing of
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the equipment, and activities of the subjects in the intervals
between tests on a day's outdoor trial, were introduced, and factors
such as the hours of sleep, diet, and physical conditicn of the sub-
jects, which could not be satisfactorily controlled, were recorded in
reports obtained from the subjects after each outdoor trial of the
experiment.

The present chapter offers a complete description of the three
tests selected for the experiment, and of the experimental techniques

utilized in their administration.

IT, THE TESTS

A. The "blocks" test. "Blocks" test was the name adopted

during the course of the experiment for the perceptual-motor test

properly named The lMinnesota Manual Dexterity Test.

Nature of the test. This test of manual dexterity measures the
speed with which a person picks up and places cylindrical blocks, all
of the same size, in holes in a board. Performance in this simple
task depends neither on judgment of differences in size or shape, nor
on precise eye-hand coordination, but rather on speed of gross hand
and arm movements.l

The Minnesota Manual Dexterity Test was chosen as one of the

three tests comprising the test battery in order to include in the

1
W.V.Bingham, Aptitudes and Aptitude Testing, (Third edition,
New York and London, Harper & Brothers Publishers, 1937), p. 278.
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experiment one laboratory test of recognized validity and reliability.

Description of the test. The blocks test consists of a board

with circular holes, and cylindrical blocks of wood to place in these

2

holes.

Figure 1. Blocks test.

Reliability of the test. The test-retest reliability for the
blocks test (test period I .vs. test period II) was found to be 0.89

for the two indoor trials, and 0.82 for the four outdoor trials.

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

fore the subject with the blocks arranged just beyond the board. The

top of the table was 293 inches above the ground.

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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Standard directions,3 with two changes made necessary by the
experimental conditions, were fcllowed in the test administration.

The first of these modifications entailed shortening the test
from four repetitions of the placing of the blocks in the board to
two. This lowered the reliability of the test but lessened the danger
of freezing the hands of the subjects, since they wore only a light
glove on the working hand during the test.

The second modification required that the subject replace the
blocks and board in position, after filling the board the first time,
and proceed at once to fill the board the second time without any aid
or instruction from the experimenter, who was thus enabled to time
the other member of this pair of subjects in the performance of an-
other test.

The test procedure was learned during indoor trials, and it
was unnecessary to give full instructions for the test when it was
administered outdoors. The subject began the performance of the test
at the second word of the command "Ready?---Go!'", and the test was
timed from the word "GO!" until the board was completely filled the
second time.

The subjects were instructed not to pick up any blocks which
might be dropped to the ground during the test, but to proceed with
the task. It was felt that the error which’would result from taking

time to pick up the block would be far larger than that due to

3 Bingham, op e¢it,, p. 279.
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omitting that block from the test. If a block was dropped during the
first part of the test, it was replaced by the experimenter. WNot more

than two blocks were dropped during the ccurse of any day's testing.

B. The "bren" test. Bren test was the name applied to a series

of movements performed upon a Bren (Mark I) Light Machine Gun.

Nature of the test. In order to include in the test-battery

one motor test involving realistic manipulation related to conditions
of arctic warfare,the bren test was devised.

To make the test simple and straightforward, requiring a min-
imum of practice to attain proficiency, and presenting a new and
meaningful task to all the subjects, it was necessary to select cer-
tain movements from the standard proceduresh and to combine these
so that each movement le&d easily to the next, and had relation to
the test as a whole.

While each movement in this test was comparatively simple, the
test as a whole was more complicated than were the other two tests in

‘the battery, and involved more muscle groups.

Description of the test. The bren test consisted of four basic

operations: 1) loading and firingg; 2) changing the barrel group;

I

A11 movements were based on the instructions as given in
Small Arms Training, Vol. I, Pamphlet No. L, "Light Machine Gun",
19L2, (published by the Department of Defence). This pamphlet deals
primarily with the Mark I Bren.

5 "Firing" here meant simply releasing the trigger and causing
the bolt action to move forward. No rounds, dummy or live, were used.
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3) reloading and firing; and, L) unloading.

The details of the movements entailed in these operations are
listed immediately below.

1) Loading and firing:

1 Open magazine opening cover.

2 Pick up magazine and place on gun, forward position first.6
3 Pull cocking handle back, and push forward.

L Turn backsight drum to maximum elevation.

5 Release the trigger.

2) Changing the barrel group: (to make this operation a meaningful
part of the whole test, the subjects were told to assume that ten
magazines had been fired off at the rapid rate of fire, causing
the barrel to become overheated.!)

6 Remove magazine, placing it on the canvas cover and to
your right.

7 Close magazine opening cover.

8 Disengage barrel nut catch and rotate barrel nut to its
fullest extent.

9 Raise carrying handle, push forward, and remove barrel,

Since no rounds were used, the magazine platform projected
into the breech of the gun, when the magazine was locked into posi-
tion, and prevented the bolt from moving forward when the trigger was
released. To prevent this "stoppage" the subjects were instructed
to let the back of the magazine merely rest upon the magazine re-
lease catch, without engaging this catch.

7 Pamphilet #, op cit., p. 1.
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placing on the canvas, to your right.

10 Pick up spare barrel, place on gun, and lock in position.
3) Reloading and firing:

11 Open magazine opening cover.

12 1Insert magazine.

13 Cock bolt action.

1li Release trigger.
L) Unloading: (this operation left the gun ready for the next subject).

15 Remove magazine and place by spare barrel, to your right.

16 Close magazine opening cover.

17 Return backsight drum to minimum elevation.

These movements were simple and related to one another. They
called for manual dexterity, a minimum of discrimination and reason-
ing, and the use of both hands. Turning the backsight drum required
speed of manipulation in the left hand; loading the gun required
discrimination of top from bottom, and front from rear, of the maga-
zine; changing the barrel group required some degree of eye-hand
coordination; pulling back the cocking handle required considerable
muscular effort, momentarily, twice during the test.

All the operations were carried out ﬁiﬁh the subject sitting
behind the gun with the butt of the gun between his legs. This posi-
tion enabled the subject to change the barrel group without assistance
and without-changing his position other than to lean forward; it had
the added advantage of presenting a new situation to those subjects

already familiar with standard Bren gun procedure.
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A11 but one of the subjects were right-handed. In the testing
of the left-handed subject the spare barrel and the magazine were

placed on the canvas to his left.

Figure 2. The bren test.

Directions for administering the test. During the performance

of this test the subjects were required to wear the leather outer mitt
over the fine glove worn for the blocks and bolts tests, with the
index finger inserted into the trigger finger provided in these mitts.
On the left hand, the woollen inner mitt and the leather outer mitt
were both worn throughout the outdoor testing and exposure. In the
case of the one left-handed subject, these provisions were reversed,
the left hand being used predominantly.

The gun was set up on its bipod wupon a canvas cover spread over

a firm surface. The magazine and spare barrel were placed within easy



28
reach of the subject.

The test was begun on the instructions "Ready?---Gol", the
subject being already in place, seated behind the gun. The test was
timed from the word "Go!'" to the completion of the last specified
movement.

Considerable indoor practice in the procedure of the test was
given to each subject before the actual trials of the experiment
began. This ensured that the sequential order of the movements were

not confused or forgotten during the actual testing.

Reliability of the test. No record of the Bren gun procedure

having been used as a controlled test was found. Consequently there
were no reliability coefficients available with which to compare the
reliabilities obtained during the present investigation.

The test-retest reliability of the bren test in the present
experiment were found to be as follows: indoor trials, 0.8l; out-
door trials, 0.60.

C. The "Bolts" test. A test involving the turning of bolts

into nuts embedded in a wooden base.

Nature gf the test. The bolts test was included in the test-

battery as it was considered to hawve practical application to such
outdoor activities as might be entailed in heavy construction,

The simplicity of the test, which requires only that five large
bolts be turned into five nuts, assured good experimental control.

The test constitutes a crude measure of manual dexterity, and
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involves the use of the right hand and the muscles of the right fore-

arm predominantly.

Description of the test. The basic design of the test was

devised by R.N.Frizella, and modified for the present investigation.

The bolts used by Frizell in his heavy series only were in-
cluded in the present experiment, as these were found to give the
highest reliability coefficient.?

Following a further suggestion of Frizell,lo the nuts were
mounted in a wooden base and the bolts turned into the nuts. This
overcame to some extent the tendency of the muts to spin freely while
being turned down on the bolts; the bolts, being considerably heavier
than the nuts, spun less freely into the muts.

A final modification upon the original test design was the use
of a fine glove on the working hand, by the subject, during the actual
testing. Frizell's subjects wore heavy outer mitts for the test.

A refinement made upon the original apparatus was the addition
of devices designed to control the number of turns through which each
bolt could be turned. This number of turns was adjusted to twelve
for each bolt, making a total of sixty turns for the test. In the

original test sixty-five turns were required in turning the nuts down

8 R.N.¥rizell, A Field Study of the Effects of Extreme Winter
Conditions on a Test of Motor Performance," (unpublished lMiaster's thesis,
The University of Manitoba, Winnipeg, 19L49), pp. 2-4.

? Tbid., p. Sh.

10 ij-d.’ p.. &-l.
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on the bolts.

The five ﬂuts were sunk into a heavy wooden board in such a
mamer that the top of each nut was flush with the surface of the
board. The nuts were placed in two rows, with three nuts in one row
and two in the other. A clear working space of eight inches between
the bolt heads was afforde& by this arrangement.

In order to increase the accuracy of resetting the bolts, and
to decrease the time required for this process, a metal disc, having
a diameter greater than that of the bolt, was fastened to the base of
each bolt after the bolt had been turnsd into the nut. This dise
effectively limited the distance through which the bolts could be
turned out of the nuts by the experimenter in the process of resetting
them. A steel pin inserted through the neck of each bolt above the
level of the nut controlled the distance through which the bolt could
be turned into the nut by the subject.

The board containing the nuts and bolts was mounted on four
wooden legs. The top of this board was 34" from the ground, with the
top of each bolt L 3/L" above the surface of the board at the begin-

ning of the test, and 3" above it at the end of the twelve turns.

Reliability of the test. The test-retest reliability of the

original test was found by Frizell to be 0.84 for the bare hand
(indoors), and_0.95 with the mitt (indoor test-outdoor retest).

In the present investigation, the test-retest reliability was
found to be 0.75 indoors (with the glove), and 0.68 outdoors (also
with the glove, the test being held immediately upon coming outdoors,

and the retest after the first period of exposure).
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Figure 3. The bolts test

Directions for administering the test. The subjects were in-

structed to turn the bolts into the nuts as far as the control pin in
the neck of the bolt would permit. They were told to work as fast as
they could, using only one hand. The test was begun with the subject
facing the bolt nearest to him and at the end of the board away from
his favored hand. During the test the subject progressively worked
his way towards the other end of the board.

The command "Ready?---Go!" was given, and the test was timed
from the word "Go!" until the last bolt was turned fully into its n_u't..

The experimenter reset the bolts by rolling the head of each
bolt between the palms of both mitts.

During a practice period before the trials were begun, the
subjects were each given an opportunity to try different body posi-
tions in order to determine the posture best suited to their parti-

cular physique. The parka and light glove were worn during all
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indoor testing.
The éubjects were reminded at each trial to keep the bolt under
control of the thumb and fingers throughout the test, and not to cause

it to spin freely into the nut.
II. THE PIAN OF THE EXPERIMENT

The experiment under consideration involved ten subjects, a
test-battery incorporating three different tests, and four conditions
of exposure, in two indoor and four outdoor trials. This number of
factors necessitated a careful planning of the experiment in order
that the effects of exposure upon the different tests, and thus upon
different aspects of motor performance, might be isolable. It was
necessary also that the plan provide for the evaluation of the differ-
ential affects of the four conditions of exposure, and permit the
isolation of effects due to different temperature and wind conditions.

A master plan, drawn up before the actual testing was begun,
presented in detail the order of appearance of each subject on each
trial, the order of presentation of tests to the individual subject
on any one day, and the special conditions of exposure for each pair
of subjects during a particular outdoor trial.

This master plan is presented in Table I, page 37. It will be
noticed that the special conditions of exposure and the strict order
of appearance of the subjects do not apply in the indoor testing. A
full description of the separate aspects of the experiment brought
together in the master plan will be given in the sections immediately

following.
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Order of testing of the subjects. The ten subjects who parti-

cipéted in the investigation were all University students.

| These subjects were split into five pairs, as two subjects were
tested at one time during the experiment. The members of these pairs
worked together throughout the experiment.

In each of the five teams a "completely acclimatized" subject
was paired with a "fairly well acclimatized" or a '"mot at all acclim-
atized" subject. The pairing was made on the basis of the self-ratings
of the subjects obtained from an information questionnaire completed
by the subjects before the experiment proper was begun.ll

-The order of testing for each pair of subjects on the first
outdoor trial was chosen arbitrarily. On the second, and subsequent
outdoor trials, the same sequence of pairs was adhered to, but the
pair of subjects who came out first for testing on outdoor trial I
became the second pair on outdoor trial II, and so on, the fifth pair
on any one day becoming the first pair the next day. This rotation
of the order of the pairs of subjects on the four outdoor trials is
sumnarized in column 3 of Table I on page 37.

This sequence of testing was designed to counterbalance the
effécts upon performance speed which might inhere in the order of

appearance of the subjects for teSting.

Order of presentation of the tests. In each day's trial of

H A sample of this questionnaire appears in Appendix B.
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the experiment, every subject performed a total of nine tests, being
presented with the battery of the three tests three times during the
day. 1In order to control the serial effects of fatigue and practice,
a method of presenting the tests in rotation was adopted.12
In this rotation method, two orders of presentation of the
group of three tests were altermated throughout the trials:

1 Blocks - bren - bolts;
2 Bolts - bren - blocks.

The reasons for adopting only two out of a possible six orders
of presentation of the three tests will Qe made clear. It was very
difficult to arrange for the group of subjects, who were all Univer-
sity students with different time-tables of classes, to meet together
for any period of time amounting to three hours or more. At the same
time it was desirable to retain the proposed schedule of three presen~-
tations of a test-battery of three tests on any one day's trial, to a
minimum of ten subjects. In order that this testing program should
not take too much of the subjects' time on any day, it was decided to
test two subjects at one time. The length of the blocks test made it
possible for one subject to be performing it while his partner was
being put through the performance of the bolts and bren tests.

A further factor in the limitation of the orders of rotation
was the chilling effect, upon the finggrs of the hand clad only in the

light glove, of the length of the blocks test and the turning of cold

12 T.G.Andrews, editor, Methods of Psychology, (New York,
John Wiley and Sons, Inc., 1948), p. 13.
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metal parts in the bolts test. It was found desirable to interpose
the bren test between the blocks and bolts tests and to allow the
subject to put his outer leather mitt on over the fine glove for this
test. The bren test, with its variety of manipulations and the use of
many muscle groups and both hands, warmed the right hands of the sub-
jects to some extent, and rested the particular muscle groups used in
the previous blocks or bolts test.

The orders of presentation of the tests for each subject on
each trial appear in Table I on page 37. The order of rotation is
balanced over each trial (as well as for each performance of the test-
battery within each day's trial), for each condition of expésure, and,

over the experiment as a whole, for each subject.

Conditions of exposure. The first administration of the test-

battery to each pair of subjects on the outdoor trials began as soon
as the members of the pair came outside from the dressing room. This
first testing, under the condition of no exposure, amounted to a
control test for each subject for that day. In order that they
would not be kept waiting outside for this first test, the subjects
came out at intervals of nine minutes, in the stated order of pairs.
Between the first and second administrations of the test-
battery, and between the second and third, the members of each pair
of subjects were reguired to spend periods of from thirty-five to
forty minutes in one of four conditions of exposure: 1) activity-in-
company; 2) activity-in-isolation; 3) inactivity-in-company;

L) inactivity-in-isolation. The subjects were told by the experi-
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menter, at the end of the performance of the first test-battery of the
day, the conditions of exposure which would apply to them for their
two periods of exposure on that day.

The condition of activity allowed the subject to walk about, but
not to indulge in any strenuous exercise. In the condition of activity-
in-company, the members of a pair of subjects went for a walk together,

whereas the activity-in-isolation subjects went for a walk alone, away

as far as was possible from buildings and main roads. The active sub-
jects were told to return to the site of the experiment within a period
of thirty-five minutes in order to have their hand-skin temperature
measured before the administration of the next test-battery of the day.
The inactive subjects merely sat, or lay down in the snow, out
of the direct sunlight (which was found to provide them with consid-
erable warmth), and sheltered from the wind to some extent by snow

drifts. The inactive-in-company subjects remained together, talking

to one another during the exposure period, while the inactive-in-
isclation subjects remained apart from all others.

The conditions of exposure for each subject, on each day of the
ocutdoor trials, are presented in column two of Table I, on page 37.
It will be noticed that, while the conditions are balanced over the
period of the experiment as a whole, they are not balanced over each
trial. This is due to the fact that with five pairs of subjects and
four conditions of exposure, it was necessary to duplicate one of these
conditions on each outdoor trial, exposing four subjects under that
condition whereas there were only two subjects under each of the

other conditions of exposure.
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TABLE I

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

—_—

Test order _ Test order
Cond~ Sub- == - || Sub=- ———
Q_axition Pairf| ject|No exp. 1st exp. 2nd exp.|l ject|No exp. lst exp. 2nd exp.
1
I} In A-BC CB-A A-BC CB-A A-BC CB-A
II| Mx | 1 A-BC CB-A A-BC CB-A A-BC CB-A
III| NY | 2 || 1) |cB-A A-BC CB-A 2) | A=Be CB-A A-BC
IV| NX 3 CB-A A-BC CB~-A A-BC CB-A A-BC
V(MY | &4 A-BC CB-A A-BC CB-A A-BC CB-A
VI| In CB~A A-BC CB-A A-BC CB-A A-BC
I In
IT| NY 2
IIT| NX 3 3) the same L) | the saie
IV| MY A
Vi X 5
VI| In
I| In !
II| NX 3
III| MY | & || 5) the same 6) the same
IV NY 5
V| MX 3 )
VI| In
I! In
IT| MY L
IIT|NX | 5 || D) the same 8) the same
Iv| MX A 5
V| NY 2
VI| In
I| In
II| MY | 5
Irr|mx (1 (|9 the same 10) | Lhe ‘Bame
IV| NY 2
V| NX 3
VI| In
CODE: Conditions In - indoor test Tests A - blocks
MX - activity-in-isolation B - bren
MY - activity-in-company C - bolts
NX - inactivity-in-isolation
NY -

inactivity-in-company Exp. - edposure
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JII. FURTHER CONTROLS

4 detailed explanation has already been given of the controls
applied to the order of presentation of pairs of subjects for testing,
the order of presentation of the tests to the subjects, the rotation
of conditions of exposure between the performances of the test-bat-
teries, and the administration of the tests. There were, however, a
number of further controis introduced into the experimental technigue

of which some mention should be made.

Outer clothing. Army arctic outer clothing was provided for

each of the subjects, and for the experimenter. This clothing was
worn by the subjects over the normal indoor clothing worn by them in
their classes, with the exception that battledress blouses were sub-
stituted for suitcoats, sports jackets, and sweaters. The complete
description of the outer clething worn during the outdoor trials
appears in Appendix C. For the indoor trials and practice periods,
the subjects were required to wear the parka and liner, and the same

gloves as were used on each test during the outdoor trials.

Apparatus. The test apparatus was placed outdoors from one-and-
a-half to two hours before testing was due to begin to ensure that it
would be at envirommental temperature for the testing. This was ne-
cessaxy in order that any effects of the cold upon the tests them-
selves would affect each performance of the test, and each subject,
equally. This control was not found to be effective with the bolts

test. The apparatus was placed on a hard snow surface which provided
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a firm footing for the subjects, and a secure support for the tests
themselves. This ensured that the height of the tables con-

taining the tests remained constant.

Time and place. The trials were held during the early after-

noon on each day of the outdoor trials. The indoor tests were also
held during the afternoon. The site of the testing was an empty
parking lot near the building in which the combined dressing room
and store room was located. On each day of the outdoor tests-the
sun was shining, and the light conditions were excellent; the appa-

ratus was placed in the shade of the building on each day.

Motivation. The subjects were genuinely interested in the
experiment and did their best on the majority of the tests. In very
few cases was 11 necessary to remind a subject that his best efforts

were required on the performance of each test.

Questionnaire method. No attempt was made to control thg

amount of sleep the subjects had during the night preceding the

trials, nor the amount of lunch eaten just prior to the trial. These
factors were taken account of, however, in a questionnaire completed
by each subject after each outdoor trial. This information helped

the experimenter to suggest possible causes for deviations in per-
formance which could not readily be explained as due to cold, practice,

or defects in the experimental apparatus or plan.

The present chapter has been devoted to a complete description

of the experiment itself. The details of the separate tests have been
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presented fully where these tests were either original, or modifica-
tions of previous tests. The experimental procedure, with its subject
orders, test orders, conditions of exposure, and numerous controls
has been described at some length, accompanied by a more concise
presentation in the form of a table.

This detailed presentation contains all the factors within the.
experiment itself which might affect the results obtained from the
investigation, and makes possible a complete analysis of the data
gathered. It also permits the reproduction of the experiment itself,

should this become necessary.
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ANALYSIS AND INTERPRETATION OF THE DATA (,//

I. INTRODUCTION

The present experiment was designed to counterbalance as many
series effects, and to control as many variables as was possible. There
were, however, some factors which could not be controlled or counter-
balanced. One of these factors was the series effect resulting from
the three presentations of the test-battery within each trial of the
experiment.

Whether these series effects, which could not be avoided, were
important in the evaluation of the experimental data was not knowm;
it was suspected, however, that they had a significant effect upon
performance during the experiment, and it became hecessary to attempt
an assessment of them.

The results of this assessment indicated that the series effects
might quite seriously affect the interpretation of the experimental
results. For this reason, the experimental results are stated in two
ways: first, without taking into account the intra-trial series effects;
and secondly, with empirical corrections made for these effects.

It is recognized that this second mode of analysis, which is
based upon several assumptions, is open to objections which can not be
wholly set aside. The picture of the situation without the corrections
for the series effects, however, may be even farther from the truth.

The analysis of the experimental data, then, has been presented
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in the following order, with the results stated in the two ways
mentioned:

1l An analysis of the overall effects of the combined conditions
of exposure encountered during the experiment upon performance in the
three tests.

2 An'analysis of the differential effects of the environmental
conditions of temperature and wind upon performance, together with a
discussion of the effects of exposure to this environment upon the
test apparatus.

3 An analysis of the relation of the experimental conditions
of exposure to the effects of exposure, comparing the effects of
activity and inactivity, isolation and company, and combinations of
these four conditions.

L The relation to exposure effects of skin temperature, sub-
jective reports of cold, and acclimatization.

The complete presentation of the data recorded during the
experiment appears in Appendix A. All calculations appearing in the
analyses presented in this chapter were made from the ungrouped raw

data, using the statistical formulae presented in Appendix D.
II. ANALYSIS OF SERIES EFFECTS

"Series effects" refers to effects upon test performance due to
factors such as fatigue, learning, and boredom. These effects are
operative during test performance, and in the intervals between

tests. Fatigue and learning are presumed to be the chief factors in
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the series effects.

In the present experiment, series effects operated from test to
test within the test-battery, from performance to performance, within
each trial, of the test-battery, and from trial to trial. The series
effects operating within the test~?attery—were minimized through the
technique of counterbalancing the order of presentation of the tests.
This technique was not applicable, however, to inter-trial or intra-
trial test performance. A measure of the series effect in these cases
was obtainable through an analysis of the data of the indoor control
trials carried out as the first and last trials of the experiment --
before and after the outdoor trials. The results of this analysis
are presented in Table II, on page Lk.

The first half of Part I of this table presents the raw score
totals for each of the three tests on trials I and VI, the two indoor
trials of the experiment. Each total combines the thirty scores
obtained from the ten subjects in the three test-periods of each trial.
The second half of this part presents the total time scores for each
test-period, each total being the sum of the two totals obtained for
the corresponding periocd in trial I and in trial VI.

Part II of the Table presents the evaluation of the series
effects, expressed in percentages. The formulae by which these figures
are calculated appear in the Table. It is assumed here that in the
indoor trials the differences in total scores from test-period to test~
period, and from trial to trial, are due entirely to series effects,

all known variables which can be controlled having been controlled.
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ANALYSIS OF SERIES EFFECTS

Part I. Raw Score Totals

Trial Test Period
Test B | 1 VI N I = Y B 5
Blocks| 30| 3896 3445 20| 2567 24,12 2362
Bren | 30| 992 610 20| 587 525 490
Bolts | 30| 1444 1429 20| 1028 944 901

Part IT. Percentage Effects

Trial Test Period
_Test _ I/VIx I/I1 _II/IIT L/IIT
Blocks 11.6% 6,06 2.1% 8.0%
Bren 38.6% 10.6%  6.7% 16.5%
Bolts 1.0% 8,25  L.63 12.4%

* Formulae for computing percentage effects:
1 Trials INI:

Total score on trial I - total score on trial IT . 19
Total score on trial I

2 Test period I/II; and, on the same principle, test periods
II/III, and I/III:

Score on test-period I - score on test-period Il
Score on test-period I

x 100
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The first half of part II of the Table gives an assessment of
the carry-over of series effects from trial to trial; the second half
shows the percentage carry-over of series effects from test-period I
to test-period II, from IT to III, and from I to III. We shall be
particularly concerned with the data in this second half of Table IT.

The only data from which we can calculate series effects inde-
pendently of exposure effects, is the data from the indoor tests; we
must assume then, in the analysis of the outdoor data for exposure
effects, that here the series effects operate to the same extent as
they do in the indoor trials.

The percentage values which are presented in Table II are all
positive, indicating that the series effects result in improvement
in performance.

Teble II indicates a comparatively large carry=-over of series
effects from trial to trial in the bren test; a moderate carry-over
is shown for the blocks test, while inter-trial series for the bolts
test are almost non-existent. The intra-trial series effects show
more consistency when one test is compared with another. In terms of
percentage improvement, the bren again shows the largest series effect,
and the blocks test the least. TFor all tests an improvement in per-
formance from test-period to test—ﬁeriod is indicated, and the extent
of this improvement is greatest following the first test-period of the
trial.

The large differences in means between the scores of the first

and second test-periods of the indoor trials indicate that series effects
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It remains to be demonstrated that these differences

cannot be due to chance factors alone.

The probabilities of these diff-

erences occurring by chance are given below: (P is approximate).

Test
Blocks

Bren

Bolts

20

ML M2 Sl SD2 ri2| ¢ P
128.4| 120.6 | 15.63| 13.86| .89 5.097¢0.01
29.4| 26.3 | 11.79|10.11| .81| 1.95| 0.07
sib| 73| wm.rr| 8.56] .75 2.29%o.0k

The differences in means between the scores of the second and

third test-periods of the indoor trials are less reliable.

The fact

that the differences are all in the same direction, however, increases

the probability that there is a significant series effect causing

these differences also.

Test
Blocks

Bren

Bolts

From the above sets of figures, there is

N

20
20
20

M2 M3 SD2 SD3
120.6 | 118.1 | 13.86| 13.40
26,31 2h.5| 20.31| 9.22
47.3] Ls.1 8.56| 7.89

r23
.88

.85
.66

©

1,62
5 1 1y
1.42

P

———

0.1'.1
0.12

0.12

little doubt that the

difference in means between the first and third test-period scores are

significant.

We may conclude, then, that there is a considerable degree of

intra-trial series effects, and these should be taken into account in

evaluating the effects of exposure upon performance.

III.

THE RELATION OF PERFORMANCE TO EXPOSURE

In this discussion the means of the scores for all the outdoor
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trials are analyzed as to the extent and direction of change from test-
period to test-period. The results express the overall effects, upon
performance in each test, of the various conditions of exposure
encountered during the experiment.

The means of the combined scores for all subjects on all out-
door trials are presented in Table III, on page L48. In order to eval-
uate the exposure effects from test-period to test-period for each test,
the mean scores for these are presented separately. FEach mean repre-
sents 39 separate scores.

Table III presents the means of the actual or observed perform-

ance scores of the subjects. These scores are effected by exposure and
series effects. The analysis of series effects indicated strongly that
they operated to improve test scores from test-period to test-period.,
In order to assess the direction and extent of exposure alone, a table
of expected means for each test was drawn up. These means are presented
in Table IV, on page L8.
- The expected, or theoretical means were calculated in the fol-

lowing manner: beginning with the mean for the first test-period (Mi
in Table III), the expected scores for test-periods II and ITI (M, and
Mj) were computed by subtracting from My the improvement in score from
test-period I to test-period II, and from test-period I to test-period
IIT, respectively. These improvements, expressed as percentages of Ij,
‘are presented in part II of Table II, on page LL. It will be seen that
the expected values for M, and M3 are all smaller than the actual or

observed values for these means, indicating that the effect of exposure is



TABLE IIIL

THE MEANS OF THE ACTUAL SCORES

Test Period

I II III
(no exposure) | (40' exposure) | (80' exposure)
dest |N| o Sy | Mg SD2 | M3 _SDa
Blocks |39 | 123.6 11.29 | 124.0 11.56 | 124.8 13.25
Bren | 39 29.8 8.43 29.7 6.98 27.7 7.19
Bolts |39 72.3 18,85 69.9 19.24 7.9 18.16
EEI—
TABLE IV
THE MEANS OF THE EXPECTED SCORES
- ] " Test Period
I II 111
SO8E el | bl SRk | el iR | weide abide
Blocks [39 | 123.6 11.29 | 116.2 11.56 | 113.7 13.25
Bren [39 | 29.8 8.3 | 26.6 6.98 | 28.9 7.19
Bolts |39 72.3 1R.85 66.4 19.24 63.3 18.16
TABLE V

PERCENTAGE DETERIORATION OF PERFORMANCE DUE TO EXPOSURE EFFECTS

Test Periods

Blocks 6.3% 2.7% 9.0%
Bren 10.3% 0.0% 9.5%
Bolts L.9% T+5% 11.8%
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a deterioration in performance of the tests.

We now have our estimate of series effects upon performance
(Table II, page LL). Applying these effects to M; in Table III, on
page U8 —- the means of the observed scores —— we have predicted the
scores which should have appeared for the outdoor trials had there
been no exposure effects upon performance, (Table IV, page LB). Vi
may now assess the exposure effects by subtracting My and M3 in Table
III from the corresponding means in Table IV, and expressing the
differences as a percentage of M,. This gives us the exposure effects
from test-periods I to II, and from I to III. The exposure effects from
test-periods II to III are found by calculating the actual effect on
performance (the difference between My and M3 in Table III, expressed
as a percentage of Mz), and subtracting this figure from the percent-
age series effects for this period, as given in Table II. The resulting
percentage effects of exposure upon performance in each of the three

tests are presented in Table V, page L8.

Analysis of observed data. This analysis indicates a slight

deterioration in performance of the blocks test under conditions of
exposure, while the bren and bolts tests show improved performance
under the same conditions. The reliability of the differences in means
of the blocks test scores from test-period to test-period are presented
below.

Test N M M3 SD1L SD3 rl3 t P

Blocks 39 123.6 124.8 11.29 13.25 B & 0.84 0.lo
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It will be seen that the largest difference —- that between Ml

and M3 —— is not significant. In this analysis only the scores which
differed in the direction of deterioration have been treated. The

observed data means are taken from Table ITI, page L8.

Analysis of corrected data. lhen adjusted for series effects,

all three tests show a considerable deterioration in mean scores in
test-pericds IT and IIT; M, and MB’ when series effects are taken
into account, become corrected means. The corrected mean represents
the "true" effects of exposure, since series effects have, theoreti-
cally, been eliminated; that is, the difference between an actual
mean and the corresponding theoretical mean has been added to the
actual mean.

The reliability figures for the corrected means of the three
tests appear below. No correction is applied to Ifj since it is the
mean of the test scores made by the subjects immediately upon coming
outdoors and is, presumably, free from exposure eflfects.

Test | N M M3 | spp | sp3 | 3| ¢ | P

Blocks | 39 | 123.6 | 134.7]11.29 13.25| .77 | 7.76l0.01
Bren| 39 | 290.8| 32.6| 8.3| 7.19] .70| 2.80 ko.c1

Bolts| 39 72.3 | 80.9]18.85] 18.16] .73 | 3.92)0.01

Assuming, then, that we are justified in applying corrections
for series effects to the observed means, the difference in means which
is due to the effects of "true" exposure is found to be highly reliable

for each of the three tests. The problem remains to find tests which
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are unaffected by series effects to check the assumptions made.
It is highly probable then, that the performance of the sub-
jects, in each of the experimental tests, is significantly affected
by exposure to cold. The following analyses will deal more specifi-
cally with particular conditions of this exposure and their differential

effects upon performance.

IV. ENVIRONMENTAL EFFECTS UPON PERFORMANCE

The environmental conditions of temperature and wind differed
to some extent from trial to trial in the outdoor performance of the
tests. The differential effects of these conditions upon performance
are indicated by the test score means from test-period to test-period
for the different trials. These means are presented in Table VI, on
page 53, and in Figure L, page 5. The means for the two indoor trials
are included for comparison purpcoses; in the performance cf -these
tests, series effects only were operative from test-period to test-
period. In the outdoor trials, series effects and exposure effects are
both operative, and the trend of the means of the test scores in each
trial indicate the relative effectiveness of each of these two influ-
ences upon performance results.

The means which appear in Table VI are the observed, or actual
means of test scores. In Figure l; both the observed and the corrected
means are plotted in order to illustrate the "true" exposure effects.

An examination of Figure L, page 5L, indicates that exposure
effects predominate in the two trials when there was a strong wind

blowing (trials III and V); only on trial V, when there was a low
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temperature in combination with the wind, was the exposure effect
predominant in all three tests.

A closer examination of the means presented in Table VI will
be made, and the reliability of differences in means established, both
for the observed means, and where applicable, for the corrected means.
The results of this examination are presented in Table VII, page 56.

In treating the observed means for reliable differences, only
those cases where an actual deterioration in performance occurred wers
included, since exposure effects were the primary consideration. The
observed means showed a reiiable difference, from I to M3, in the
blocks test on trial V. On this same trial the bolits test showsa
difference in means which is reliable at the .05 level of confidence.

In the second treatment of the data, using the means corrected
for series effects, all but two of the cases showed some deterioration
of performance. The corrected means show reliable differences in the
means of the blocks test on trials III, IV, and V; the means of the
bolts test show a significant difference on trials IIT and V; and the
bren test shows a reliable difference only on trial V.

The main differsnce in envirommental conditions between the
trials in which little deterioration of performance occurred (trials
IT and IV), and those in which significant deterioration took place
(trials III and V), is the degree of wind. On trials II and IV there
were light, variable winds of L-6 m.p.h., while on trials III and V,
strong winds at from 20-22 m.p.h. were blowing. The temperature was

-24°C. on trial II, -20°C. on trial IV, -20°C. on trial III, and



TABLE VI

EFFECTS OF ENVIRONMENTAL CONDITIONS
ON THE PERFORMANCE OF THE TESTS

I
rl

Test
Blocks Bren Bolts
Test-
Trial | period| N |_M; _ _SDy M SD M SD
lst |10 | 137.5 12.89 35.9 12,11 | 49.5 11.06
I 2nd |10 | 128.2 8.67 32.8 9.65 L7.5 9.32
3rd |10 | 123,9 11.33 30.5 7.56 L7.4 6.87
1st |10 | 129.9 12.21 35.6 10.79 85.7 15.11
II 2nd |10 | 125.5 11.73 34.8 8.83 72.6 22,34
3rd (10 | 123.9 13.44 29.5 8.78 72,0 17.09
1st 9| 124.4 12.43 30.4 6.22 82.9 18.79
I1I 2nd 91 124.5 13.21 29.1 6.19 83.5 19.78
3rd 9| 126.2 17.13 27.3 7.78 85.8 17.81
1st |10 ]| 124.1 13.20 27.5 7.23 60,4 10.87
IV 2nd (10| 121.9 11.78 24.3 5.89 55.8 9.94
3rd |10 | 122.7 13.56 25.1 5433 60.5 13.53
1st |10 ] 115.9 9.21 25.8 8.02 6l.L 18.08
v 2nd |10 | 124.2 13.31 | 30.7 8.23 69.2 18.34
3rd |10 | 126.5 13.42 29.0 7.34 | 70.6 21.31
1st |10 | 119.2 12,11 22.8 5.78 53.3 14.07
VI 2nd |10 | 113.0 12.86 19.7 3.82 L,6.9 9.10
3rd |10 | 112.3 11.79 18.5 .91 L2.7 8.76

Environmental Conditions

Condition |[Trial I|Trial II|Trial III|Trial IV|Trial V|Trial VI
e i ——— 1} —— ———Jp—— AL —_—
Temperature| + 21°C. -24°C, | =20°C. -20°C. |=-26.5°C) + 21°C,
Wind (indoor) | 4 mph. | 20 mph. | 6 mph. |22 mph.| (indoor)
Relative " 82% 86% 86% 91% "
humidity
—_— ——

Note: all means are "actuzl" or "observed" means.
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-26.5%C. on trial V. Since the averages for the temperature readings
on the two pairs of trials are nearly the same, the cause of the large
effects from exposure on trials IIT and V may be attributed chiefly to
wind conditions on those days.

The differential effects of the conditions of trials IV and V
appear as the last analysis in Table VII, page 56. These trials were
chosen because they represent the extremes, in wind and temperature
conditions,encountered during the experiment. Observed means only
enter into these calculations. D, is the difference between ¥y and MB
on trial IV; D, is the difference between My and M3 on trial V. The
differential effects of these two days, while considerable, do not prove
to be significant, except for the blocks test.

From the analysis carried out in this section, it may be con-
cluded that environmental conditions do affect performance on the
three tests; the more extreme the conditions, the greater is the
deterioration in performance. This detericration is great enough to
counteract series effects in many cases. The extent of the deteriora—
tion effect differs from test to test, being greatest upon the blocks

test, and least upon the bren test.

Effects of exposure upon the test apparatus. In the blocks and

bren tests the difference between "expected" score means and actual
score means, in the outdoor trials, is in no case greater than can be
accounted for by considering the series and exposure effects whichact
to modify performance from trial to trial and from test-period to test-

period. This is indicated by the assumed learning curve for these tests.



TABLE VII

RELIABILITY OF DIFFERENCES IN MEANS
DUE TO EXPOSURE EFFECTS

56

Trial| Test [N | M _W3 | sy 503 I mal_t | _»
Treatment 1: calculations made with observed means)
III |Blocks | 9 | 124.4 126.2 | 12.43 17.13| .73 | 0.458| 6.0
Bolts | 9| 82.9 85.8 | 18.79 17.81| .91 | 1.05 | 0.20
V |Blocks |10 | 115.9 126.5 | 9.20 13.34| .64 | 4.19 |<0.01
Bren |10| 25.8 29,0 | 7.3, 8.02| .54 | 1.30 | 0.15
Bolts |10 | 61.5 70.6 | 18.08 21.31| .84 | 2.377[<0.05
(Treatment 2: M3 corrected for series effects)
II |Blocks |10 | 129.9 134.4 | 12.21 13.44| .20 | 1.65 | 0.12
IIT |Blocks | 9| 124.4 136.1 | 12.43 17.13| . 73| 2.97" |[<0.02
Bren 9 30.4 32.3 6.22 7.78| .62 | 0.905| 0.18
Bolts | 9| 82.9 99.6 |18.79 17.81| .91 | 6.03"|¢0.00
IV [Blocks [10 | 124.1 132.5 | 13.20 13.56| .89 | 3.95"°|<d.01
Bolts. [10 | 60.4 70.6 | 10.87 13.53| .21 | 1.96 | 0.09
Bren |10| 27.5 29.7 | 7.23 5.53| .86 | 1.76 | o.11
V |Blocks [10 [115.9 135.8 | 9.21 13.34| .64 | 7.87"[<0.01
Bren |10| 25.8 33.3 | 7.3 8.02| .54 | 3.05"[<0.02
Bolts |10| 61.4 0.8 |18.08 21.31| .84 | 5.01|<0.01
(Treatment 1:) D D=2
Blocks [10 | +1.4 -10.6 | 8.01 10.91 }-.38 | 2.31" [<0.05
fi. Bren |10| +2.4 -3.2 | a4 s8.04| .21 | 2.05 | 0.08
E Bolts [10| -0.1 -9.2 |15.02 &.02|-.41 | 1.39 | 0,15

Il

Note:

P is approximate.
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In the bolt test, however, the discrepancy between expected and actual
performance means in trials II and IITI is so great that some factor or
factors, other than effects upon the performance of the subjects, must
be looked for to account for the difference. Figure L, page 5k
illustrates this anomaly in the performance of the bolts test. The
expected scores have been indicated for the bolts test only in this
figure.

A clue to the cause of the markedly increased performance times
in the outdoor trials of the bolts test over the indoor times, was
found in the reports of the subjects on trials II and III. All of the
subjects stated that the bolts turned into the nuts with difficulty on
these days. On trial II the bolts loosened up somewhat after the first
test-period, and on trials IV and V the bolts were not appreciably more
difficult to turn than on the indoor trials. On trial ITI no loosening
uﬁ of the bolts during the tests was reported.

(This discussion is continued on the next page).
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These reports from the subjects on the performance of the bolts
test led to an analysis of the exposure e.ffec‘ts upon the tests them=-
selves, This analysis was directed primarily upon the effects of
exposure upon the bolts test apparatus. Slightly increased stiffness
in operation of certain parts of the bren gun, such as the bolt action,
~ Wwas also reported by the subjects, so an analysis, less extensive in
scope than that for the bolts test, was made upon the exposure effects
upon this test. No exposure effects were reported, or expected, upon
the blocks test, but an analysis was made upon it in order to give a
rough check on the results of the analyses made upon the other two
tests.

The analysis of exposure effects upon the test apparatus was
carried out as follows: it was assumed, first of all, that the
learning curve for each test had a constant slope; this assumption was
made to simplify calculation, and Figure L, on page 54, indicated that,
in the case of the blocks and bren tests, this assumption would not
lead to serious errors. On this assumption, and from the symmetrical
distribution of the indoor and outdoor trials with respect to inter-
trial series effects, it was reasoned that the mean of the indoor trial
scores and the mean of the expected outdoor trial scores, for each test,
would coincide. Further, since the test scores in the first test-period
of each outdoor trial were, apparently, little affected by exposure of the
subjects for the few minutes required to perform them, the mean of
the first test-period scores of the two indoor trials should differ little

from the mean of the corresponding scores for the four outdoor trials.
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On the basis of this reasoning an estimate of the exposure effects
upon the bren and blocks tests was made by subtracting the mean first-test-
period score for the four outdoor trials from the mean of the first-test-
period scores of the two indoor trials, and expressing the difference as
a percentage of the latter mean score. The resulting exposure effects
appear in Table VIII, page 60, as the average effect over the four out-
door trials. The blocks test shows an improvement in performance on the
ountdoor first test-period trials, and the bren shows no exposure effects.
It was expected that some exposure effects would appear for the bren test
since actual mechanical effects were apparent. These effects may have
been so small, however, as to be lost in the process of calculation,
which assumed that the learning curve had a constant slope, and that the
mean intra-trial series effects, as calculated from the two indoor tests,
applied directly to the outdoor trials. Due to the large relative
errors inherent in the calculations, for the blocks and bren tests, no
attempt was made to assess the exposure effects for each of the outdoor
trials on these two tests.

The bolts test showed negligible inter-trial series effects.
That is, the learning curve appeared to be a straight line parallel to
the x-axis. On this assumption it was possible to assess the exposure
effects upon the apparatus for each outdoor trial. This effect, expressed
as a percentage of the indoor first test-period mean, was considerable,
far outweighing possible errors due tc assumptions made in computing it.
These figures appear in Table VIII. No average or over-all figure was
given as this would be largely affected by the exposure effects of
trials II and III.

While some exposure effects upon the apparatus were anticipated,
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no satisfactory explanation could be found for the large effects which
were apparent on trials IT and IITI, or for the lessening of these effects
on trials IV and V. Frizell, whose experiment using the identical nuts
and bolts has been mentioned (page 29), reported no such effect. It is
interesting to note that in Frizell's experiment, the extent of deter-
ioration in subject performance after fifteen minutes exposure is com-
parable with the exposure effects (both expressed as percentages) upon
the test apparatus itself as measured in trials IV and V in the present
experiment. Although the bolts were outdoors only a short time in
Frizell's experiment, it is possible that part of the deterioration in
performance of the subjects in his experiment was due to effects upon
the bolts test apparatus. Even on the indoor trials the forearm mus-
cles become tired and it is difficult to perform as quickly on the last
bolts as on the first two or three. It is conceivable that even a very
slight exposure effect upon the bolts themselves would considerably in-
crease the time required to turm all five bolts into the muts. In a
test procedure where an indoor performance is followed by a single out
door performance, it would not be possible to check exposure effects
upon the test apparatus, and this effect might te overlooked.

TABLE VIII

EFFECT OF EXPOSURE UPON TEST APPARATUS

Trial Bolts Bren Blocks

o T 1 - (S

1T -61.3%  —- 8

IV <1759 === e

V 20,28 - —
Overall -— 0 +3.7%




V. PERFORMANCE IN RELATION TO CONDITIONS OF EXPOSURE

The effects of the envircnmental conditions of exposure have
been discussed. The differential effects upon performance of the tests
due to the experimental conditions of exposure forms the next step in
the analysis of the experimental data.

The specific experimental conditions of exposure for the sub-
jects during the periods between testing in the outdoor trials were

those of activity-in-company, activity-in-isclation, inactivity-in

company, and inactivity-in-isolation. From the test scores of the

subjects under these specific conditions of exposure, the effects upon

performance of the more general conditions of activity, inactivity,

company, and isolation were derived.

The means of the observed test scores for all subjects under
the general and specifie cond%ions of exposure are presented in Table
IX, on page 62. The means of the general conditions were derived by
combining the individual scores in two of the specific conditions;
that is, the general condition of "activity", for instance, includes
the specific experimental conditions of "activity-in-company", and
"activity-in-isolation”. The indivicual scores entering into the cal-
culation of the mean test scores for each condition were distributed
over the four outdoor trials. The distribution is not altogether bal-
anced, however, as there were five pairs of subjects, and one of the four
specific conditions of exposure had to be assigned to two pairs of sub-

Jjects on each trial. The result of this distribution of conditions is that



EFFECTS OF CONDITIONS OF EXPOSURE
ON PERFORMANCE OF THE TESTS

TABLE IX

Test
Blocks Bren Bolts
General |[Test-
Conditions|period| N M SD M SD M SD
Active | 1st |20 [123.7 14.21 29.6 9.51 72.4 19.38
2nd |20 |122.7 11.29 27.8 6.73 70.1  18.41
3rd |20 |120.6 12.32 26.9 6.54 Ti.2 2132
Inactive | 1st |19 |123.4 11.32 30.1 8.75 T2.3 2,37
2nd (19 |125.5 12.29 3.3 9.63 69.8 23,08
3rd (19 |129.3 14.68 28.6 8.69 2.0 18452
Company | lst |19 |123.1 14.37 31,2 10.62| 69.4 20.43
2nd |19 |123.0 14.78 28.9 8.75 68.6 20.87
3rd |19 |124.2 17.75 28.7 7.75 70.6 16.89
Isolation | 1st [20 |124.0 11.13 28.5 7.09 75.1 20.86
2nd |20 |125.0 11.19 30.1 8.63 71.3 20,73
3rd 120 |125.4 13.54 26.8 7.68 73.1 28.69
Specific =
Conditions
Active-in-| 1st |10 |123.7 16.73 31.9 10.89 68.9 16.94
company| 2nd |10 [121.1 11.75 26.8 5.51 69.9 19.12
3rd [10 |119.6 12.19 27.5 6.49 69.7 17.72
Inactive- | 1lst 9 |122.4 12.41 30.5 10.31 70.0 22.68
in-company| 2nd 9 |125.1 15.16 31.2 9.76 67.1 22,93
3rd 9 1129.3 16.77 30.0 8.29 71.5 16.08
Active-in-| 1st |10 |123.7 10.64 27:3 6.8L 75.8 21.31
isolation | 2nd |10 |124.2 11.87 28.7 8.03 203 17.53
3rd |10 [121.5 13.15 26.3 6.38 72.4 24,64
Inactive- | 1st (10 |124.3 11.30 29.6 8.53 Th. 20,37
in- 2nd |10 |125.8 10.10 31.4 9.50 72,2 23.83
isolation | 3rd [10 |129.2 13.52 27.3 8.78 73.8 20.84

—

Note: all means are "observed" means.

62



CHAPTER V
SUMMARY AND CONCLUSION
I. DISCUSSION OF RESULTS

The Tests. Several observations were made during the course of
the experiment regarding the tests chosen, and these will be noted in

the discussion of each test, which follows immediately.

The blocks test. Of the three tests chosen for the experiment,

the blocks test was the least realistic in relation to actual tasks
which might be encountered in outdoor work in cold winter weather. This
factor, however, had no noticeable adverse effect upon the motivation
of the subjects, who put forth their best efforts upon it.

Being free from moving parts, the test was not mechanically
affected by the cold weather. Furthermore, the wooden blocks did not
conduct warmth from the fingers of the subjects through their
light working glove. These factors, together with the simplicity of
the movements involved, contributed to make this test the most reliable
in the battery.

The blocks test was the most sensitive of the three tests in
measuring differences in the performance of the subjects due to the
different conditions of the experiment. These conditions included
the envirommental conditions of temperature, wind, and relative humidity
encountered during the four outdoor trials, and the physiological and

psychological conditions of the two degrees of activity and isolation
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the effects of the envirommental conditions of exposure are not
quite counterbalanced. The envirommental conditions of trials II
and V, for example, each affect 6 of the 20 scores in the general
experimental condition of "activity", while the environmental condi-
tions of trials III and IV affect only four, each, of these scores.

Figure 5, on page 63, i{llustrates the trend of the performance
scores, from test-period to test-period, for each of the general and
specific conditions of exposure. The observed means only have been
presented. The black lines indicate that exposure effects have not
been as great as series effects, and the observed performance has
shown an improvement from test-period I to test-peried III. When the
exposure effects have resulted in a deterioration of observed performance
scores, the performance graph for the condition of exposure is shown
in red.

Figure 5 indicates that the conditions of activity and inactiv-
ity affect performance to a considerable extent, and in apparently
different directions--activity causing improved performance, and
inactivity, deteriorated performance. Actuvally, activity does not
improve performance but acts more effectively than does inactivity to
uphold it against the deteriorating effects of exposure. The conditions
of company and isolation affect performance only slightly, and are not
consistent in the direction of this effect, greater deterioration occurr-
ing under the condition of company as often as it does for the condition
of isolation.

The significance of the differences in deterioration due to pairs

of conditions of exposure appear in Table X, page 65. Here the differ-



TABLE X

SIGNIFICANCE OF THE DIFFERENTIAL EFFECTS
OF THE EXPERIMENTAL CONDITIONS OF EXPOSURE

Condition | Test N D] Do SD] SD2 _2_ +

20

3.1 -5'9 8-98 l0.0l 9.0 2;91 0001

Activity |Blocks
vS.
inactivity |Bren 20 | 2.7 1.5| 6.74 6.48| 1.2]|0.46]| 0.65

Bolts 20 | 1.2 -0.4|13.61 13.03]| 1.6]0.30| 0.75

Company |Blocks| 20 |-1.1 =-1.4| 9.58 9.48| 0.3]0.08] 0.95
VS,
isolation |Bren 20 | 2.5 1.7| 6.71 6.8, 0.8|0.31]|0.75

Bolts 20 |-1.2 2.0]13.33 13.05|-3.2]|0.70| 0.50

Activity~-in- |Blocks 10 | 4.1 =4.9 8.09 9.20 | 9,0] 2.21]0.05
company
Vs, Bren 10 | 44 3.3 )| 7.37 743 ] 1.1]10.85]0.50
Inactivity-
in-isolation |Bolts 10 |-0.8 0.6 |14.62 13.96 |-1.4]|0.30]0.80

Note: P is approximate.
Dl = éi!X] - X3) , where X] and X3 represent the raw
N
scores in the first and third test-periods, respectively, under the

conditions of activity, company, and activity-in-company.

Do = X1 - X3) , where X3 and X3 are the raw scores in the
N
first and third test-periods, respectively, under the conditions of

inactivity, isolation, and inactivity-in-isolation.

D = D1 - D2. Where D is negative, performance,under the condi-
tion of exposure which generally shows effects in the direction of

greater deterioration, has shown a relative improvement.
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ence in effect upon the performance of the subjects of (1) Activity
and inactivity, and (2) isolation and company were tested for
significance.

Since the socres in the specific conditions of exposure enter
into the calculation of the relative effects of the general conditions,
no new information would be forthcoming through pairing the specific
conditions and comparing their relative effects upon performance. Only
in the case of the specific conditions of activity-in-company and
inactivity-in-isolation, where considerable differences in effects upon
performance were expected, has the reliability of this difference been
computed.

The difference in effects upon performance, due to the conditions
of activity and inactivity, is significant only in the case qf the blocks
test. The differences which appear for the bren and bolts test are
in the expected direction -- towards greater deterioration in the con-
dition of inactivity =~ but the extent of these differences is by
no means reliable. The conditions of company and isolation show no
differences in effect of any significance whatever, in any of the tests.
The specific conditions of activity-in-company and inactivity-in-isola-
tion show differences in effect which are reliable at the .05 level in
the case of the blocks test, but which have no significance in the case
of the other two tests.

It must be concluded, then, that the exposure conditions of
activity and inactivity, in the present experiment, were not sufficient-

ly different to cause significant differences in the performance of any
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but the most sensitive tests. The conditions of company and inactivity,

apparently, were not different conditions at all.

VI. PERFORMANCE IN RELATION TO HAND-SKIN TEMPERATURE

AND THE SUBJECTIVE FEELING OF COLD

Hand-skin temperature. At the end of each exposure period, just

prior to the second and third test-periods on each of the outdoor trials,
the skin temperature of the right hand of each subject was measured. A
thermometer was slipped into the subject's mitt, and he was instructed
to keep its bulb against the skin of his fingertips until the reading
remained at a constant level. In the case of the left-handed subject,
the temperature c:-i‘ the fingers of the left hand was measured, as it

was the temperature of the hand used predominantly in the performance

of the tests which was required throughout.

From the resulting hand-skin temperature data, two groups of
cases were selected —— the "warm handed" and the "cold handed" cases.
The warm handed group included all those cases where the hand-skin
temperature of a subject at the end of the ‘second exposure period was
not less than 30°C. Thirteen cases appeared in this group, of which
twelve were active during their pericd of exposure. Sixteen cases
appeared in the cold handed group, which included all cases in which
the skin temperature of the hand was no higher, at the end of the
second exposure period, than 14°C. Of the sixteen cases in this group,
twelve were inactive during their exposure periods. The class limits

for each group were selected in such a manner as to include most of the
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thirty-nine cases available, and yet form two distinct groups.

The performance of the two groups in each test is compared in
the figures which appear below. The formula for the reliability of the
differences between means in small independent samplesl is used in these
calculations, and in subsequent calculations in this section. N, and Hl
represent respectively, the number of cases, and the mean of the differ-
ences between first and third test-period scores for these cases, for
the warm handed group. Np and My represent the corresponding sta-
tistics for the cold handed group. The standard deviation ("s") and
the standard error of the difference between means (“sD“) are based on
all the observations of performance differences of the two groups, com-

bined. D is the difference of the two means Ml and Mp.

Test N |No| M| M2 s sp| D t af| P
AR
Bloeks| 13 |16/ 5.2 | -7.L 8.61 | 3.18(12.6 3.96 |127]<0.01L

Bren| 13 |16(3.0| -0.1 6.22 | 2.32| 3.1 1.35 |27 0.20

Bolts| 13 |16|1.6| -1.2| 14.16 | 5.25| 2.8 0.53 [27| 0.60
In all three tests performance improved in the case of the
warm handed group and deteriorated in the cold handed group. The
difference in performance of the two groups is significant in the case
of the blocks test only, however. A direct relationship between hand-
skin temperature and performance is indicated from this analysis. This
conclusion is substantiated by the reliability of the difference in

means for the blocks test, the direction of the differences in means

1 This formula appears in Appendix D.
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in the bren and bolts tests, and the consideration of the nature of
the tests themselves. The performance of the blocks test requires the
use of the fingertips predominantly; the bolts test also requires
fingar'strength and dexterity, but depends more upon the muscles of the
forearm for its performance. The bren test alternates the use of each
hand, requires the wearing of heavy mitts on both hands, and is not
dependent upon finger dexterity to any appreciable extent; the bren
test is also considerably more subject to intra-trial series effects

than are the other tests.

Performance in relation to reported feelings of cold. From the

subjective reports of their feelings of cold obtained from the subjects
prior to the second and third test-periods of each trial, and from the
questionnaire completed by them after each trial, the thirty-nine cases
were divided into two classes, the warm and the cold. The "warm" group
comprised the cases where the subject remained warm throughout the trial,
and reported "no discomfort!", or "comfortable"; there were nineteen of °
these cases, of which sixteen were active and three inactive. The "cold"
group included the cases where the subjects reported that they were cold,
("mild discomfort"), or very cold, at the end of the second exposure
period; sixiteen of these cases were inactive during the exposure periods
of the trials, All cases were included in the two groups, as the sub-
jective rating scale was crude, and the subjects reported only whether
they were warm, or cold; the ratings of degrees of cold appeared in the
questionnaire, but only three subjects indicated that they were very cold,

the rest reporting mild discomfort.
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The performance of the two groups is compared below. Again

M; and M represent the means of the differences between first and third
tést—period scores, My being the mean for the warm group. TFifteen of
| the cases which appeared in the "cold handed" group are included in the
present "cold" group, and the 'warm" group includes eleven cases
which appeared in the previous "warm handed!" group, indicating a direct
relationship between hand-skin temperature and overall feelings of cold.

Test | Ny | Np Ml M2 s Sp D t daf P

— — | ——

Blocks| 19|20 | 3.7| -6.0 | 9.73[3.11| 9.7 | 3.13 |37 <0.c1
Bren| 19| 20| 3.0 1.0 6.98(2.23| 2.0 0.89 |37| o0.4O
Bolts| 19| 20| 3.1 | -1.6 | 14.02|L.48 | L.7 1.05 (37| 0.25

The performance of the warm group improved on the blocks and
bolts tests, while that of the cold group showed deterioration. The
same relative effect is apparent in the bren test where the cold group,
while it did not show actual deterioration, improved less than did the
warm group.

Again the indicationé all point towards a direct z_-elationship
between test performance and subjective feelings of cold. As in the
previous analysis, however, the blocks test, which is the most sens-
itive test in the battery, alone shows a significant difference in the

performance of the two groups.

Acclimatization differences and performance. All but one of

the subjects for the present experiment had lived several years in
Manitoba, and were, consequently, well adapted to the severe winter
conditions of that province. However, on the basis of the self-ratings

of the subjects concerning the degree of their acclimatization to severe
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winter weather, they were divided into two groups, each of five subjects.
In the following comparison of the performance of the two groups,
N, represents the number of cases, and My the mean of the test score
differences from first to third test-period, for the "completely ac-
climatized" group; No and Mp are the corresponding figures for the

fairly well acclimatized" group.

Test EJ:. §£ ¥ M ] sp D t E P

Bren| 20| 19| 0.6 3.3 7.0h| 2.34| -2.7|1.15 |37| 0.25

Bolts| 20| 19| 0.6 1.0{ 13.33| L.21| -0.4]0.095(37| 0.95

This analysis indicates that there was no real difference in the
degree of acclimatization of the subjects. The difference in perform-
ance which appears for the bren test is not significant, and is in
the direction of relatively improved performance in the case of the less
acclimatized group.

A further analysis in terms of participation in outdoor sports
was made, to see if this had any effect upon outdoor performance of
the tests. The subjects were divided into two groups on the basis of
hours per week devoted to outdoor sports. One group included the two
subjects who spent six hours or more a week in this way. The three sub-
Jjects who spent no time outdoors at sports formed the comparison group.

In the following analysis, Ny and My refer to the athletic group,
and indicate, respectively, the number of cases of score differences
involved and the mean of these differences. Again the differences in

scores are as between the first and third test-period scores.



72

Test N | N2 My M2 s SD D t af P
Blocks 8112 3.3|-0.3| 10.82| 5.72| 3.6 (0.63| 18| 0.55

Bren 8|112| -0.4| 3.1 6.98| 3.70| -3.5(0.95| 18| 0.35

Bolts | 8|12 -2.4|-0.2]| 13.39| 7.08|-2.2|0.31| 18| 0.75
Again no difference in performance of any significance appears.
The blocks test performance of the athletic group improved, while it
deteriorated in the case of the non-athletic group. The bren and bolts
tests, on the other hand, show less deterioration in the performance
of the non-athletic group than appears for the athletie. It can only
be concluded that there is no appreciable difference in the degree of

acclimatization of the subjects who participated in the experiment.

In the present chapter an analysis has been made of the effects
of exposure upon the performance of three motor tests. The preliminary
analysis of the general or overall effects of all the experimental and
enviromnmental conditions of exposure revealed no significant effects
upon the performance of any of the tests. It was demonstrated, however,
that there were series effects operating to improve performance from
test-period to test-period, and that these effects were significant.
When these intra-trial series effects were taken into account in the
evaluation of exposure effects, the latter were found to cause per-
formance differences in the direction of deterioration which were high-
ly reliable.

Further analysis of the experimental data demonstrated that
exposure effects were significant, even without taking into account

series effects, under certain specific conditions of exposure, and for
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one or another of the three tests., Physiological conditions of hand-
skin temperature, and the psychological, or subjective feeling of cold,
were each found to have significantly different effects upon perform-
ance in the blocks test. It was concluded from these analyses that the
effects of exposure tos evere winter conditions had definite and sig-

nificant effects upon motor performance.
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imposed upon the subjects during their two periods of exposure
between test-battery administrations in each trial.

The sensitivity of this test was attributed to the fact that it
depends largely upon finger dexterity for speed of performance. It was
observed that the fingers and toes of the subjects were the first parts
of the body to be sensitive to the effects of cold. Furthermore, the
test required sustained attention to the task of placing cylinders of
wood in round holes in a board, and offered little warmth-giving exer-
cise. It was thought that the demands of the chilled organism for more
violent exertion might interfere with the task at hand.

The blocks test.was, on the whole, the most satisfactory test

in the battery.

The bren test. The bren test, while the most realistic of the

battery, proved to be the least sensitive to performance differences
of the subjects brought about by different conditions of exposure.
Involving as it did a number of muscle groups, and depending for its
performance upon large-muscle groups rather than small-muscle groups,
it was less susceptible to performance deviations in the direction of
deterioration from subjects none of whom became markedly cold during
the course of the experiment.

The variety of movemenis in the bren test, involving the use
of both hands, permitted a large series effects to affect test per-
formance. These effects were attributed largely to learning,
including the central process of memory.

The complex mechanism of the test apparatus made it susceptible



76
to exposure effects from the cold environment. This effect acted to
considerably increase the effort required to cock the bolt action. As
this action occurred only twice during the test, it did not affect the
performance of the subjects appreciably. It was learned, after the
outdoor trials were completed, that a low test oil has been made avail-
able for guns in use in temperatures below -20°C.

A further mechanical difficulty caused some hardship in the oper-
ation of changing the barrel group. This difficulty occurred during
the fifth trial, when blowing snow became lodged in the barrel locking
threads and had to be removed from time to time.

It is entirely possible that under more extreme environmental
conditions the bren test will prove an effective measure of the
performance of subjects in whom the conditions of exposure have affected
not only the fingers, but caused severe discomfort to the organism as
a whole. These conditions did not obtain in the course of the present

investigation.

The bolts test. The bolts test proved to be the least reliable

of the three tests included in the experiment. It also caused the most
discomfort to the subjects, as the heavy metal bolts conducted warmth
from the fingers of the subjects, through the light glove worn for the
test. The effects of exposure upon the apparatus itself was consider-
able, and inconsistent. The test was sensitive only to performance
differences in the subjects resulting from extreme environmental

conditions of exposure.
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The conditions of exposure. The envirommental conditions of ex-

posure could not be controlled. The outdoor trials were carried out
on the coldest days of the month of February. The coldest weather of
the winter occurred in Jamuary, but the army clothing and equipment
was not available in time to take advantage of this. It became
apparent that the temperature conditions encountered during the out~-
door trials were not sufficiently extreme to cause significant
deterioration in performance of all the tests.

It is suggested that further experimentation be carried out
under more extreme environmental conditions of temperature and wind,
holding the experiments, whenever possible, in the early morning or
late evening. The present experiment was carried out during the early
afternoons, which is the time at which the daily temperature reaches

its highest point.

Experimentzl conditions. The experimental conditions of activity

and inactivity were significantly different in their effects upon the
blocks test in the present experiment. The indications are that, under
more extreme conditions of temperature and wind, the effects of these
conditions upon the bren and bolts tests would also be significant. It
is felt that the failure of the conditions of company and isolation

to affect performance differently may be due to the fact that these con-
ditions were not sufficiently different for the subjects in the exper-
iment, as it was impossible to isolate any subject to any considerable
degree. It is suggested that further experimentation be carried out
upon the relative effects of these two conditions with controls that

will ensure that they are different.
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II. SUMMARY OF THE EXPERIMENT

1. An experiment was conducted to determine the effect of
exposure to severe winter conditions on motor performance.

2. The experiment consisted of three timed motor tests, per-
formed under a variety of envirommental and experimental conditions,
by a group of ten subjects, protected by heavy arctic clothing.

3. The three tests used in the experiment were the blocks test,
the bren test, and the bOlts test, These formed the test-battery.

i, The blocks test (Minnesota Mamual Dexterity Test) con-
sisted of a board with 58 round holes in it, in which to
place, one by one and using only one hand, 58 round blocks
of wood. The test required about two minutes to perform.

ii. The bren test consisted of a number of manipulations to
be performed upon the Bren Light Machine gun. This test
required only about twenty-five seconds to perform.

iii. The bolts test required the turning of five large bolts
into muts fastened into a board, using one hand only.
One minute was required for this test.

li. The environmental conditions were the temperature, wind, and
relative humidity. These could not be controlled, but the trials were
held on days when these conditions were most severe.

5. The experimental conditions were those of activity or inact-
ivity, company or isolation, imposed upon the subjects during the periods
between the performances of the test battery during an outdoor trial.

6. The ten subjects were male University students, between the
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ages of nineteen and thirty-one, and all in sound health.

7. The subjects were supplied with standard army arctic
outer clothing for the outdoor trials of the experiment.

8. The experimental plan called for six trials. Each trial
included three presentations of the test-battery of three tests. The
first and last trials were control trials, conducted indoors with the
subjects fully dressed, in order to permit an assessment of s eries
effects. The four remaining trials were the field trials, the data
from which, when analyzed, led to the conclusions which follow.

9. The experiment was carefully controlled throughout, in
order that analyses of the effects of specific environmental and
experimental conditions of exposure upon performance might be made.
It was not possible to control inter-trizl and intra-trial series
effects upon performance; a measure of these effects was made
possible, however, through an analysis of the time scores of the

two indoor trials of the experiment.
III. CONCLUSIONS

1. Significantly large series effects were found to be
operating to improve performance from test-period tc test-period
within the indoor trials. These effects were considered to apply
to the outdoor trials of the experiment.

2. When the data for all the subjects, under all conditions
of the four outdoor trials, were pooled, the general or overall

effects of exposure upon performance were not found to be significant
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for any of the three tests. When corrections were made for series
effects, however, the "true" exposure effects were found to be
highly significant for all three tests.

3. Both series effects and exposure effects were found to
have their greatest effect upon performance between the first and
second test-periods of each trial.

L. The environmental conditions of =26.5°C., a 22 mph. wind,
and a relative humidity of 91% were sufficiently severe to cause sig-
nificant deterioration in the per formance of the blocks and bolts tests.
These significant differences were obtained despite series effects which
operated to improve performance during the trials.

5. The experimental conditions of activity and inactivity were
found to be significantly different, as measured by performance of the
subjects on the blocks test.

6. The experimental conditions of company and isolation were,
on the basis of their effects upon test performance, found to be
closely similar conditions.

7. Hand-skin temperature was found to be positively related to
performance on all three of the tests. Significant differences in per-
formance as between a warm-handed and a cold-handed group were found
in the case of performance on the blocks test. A further positive re-
lation was found to obtain between the experimental exposure conditions
of activity and inactivity, and hand-skin temperature.

8. Subjective reports of general feelings of warmth or cold
were found to be positively related to performance. The difference
in performance of the blocks test by a warm and a cold group was

found to be significant. Again it was found that activity tended to
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maintain warmth in the subject, while a feeling of cold and dis-
comfort resulted from a state of inactivity. Hand-skin temperature
was also found to be positively related to the subjective feeling of
warmth or coldness.

9. The blocks test was found to be a highly reliable test, and
the most sensitive test of the battery, indicating changes in the per-
- formance of the subjects due to different environmental and experimen-
tal conditions of exposure, hand-skin temperature, and feelings of
cold or warmth.

10. The bolts test proved to be less reliable and less sensi-
tive than the blocks test. Mechanical difficulties were experienced
in the outdoor trials, in the form of stiffness of the moving parts,
which made it difficult to evaluate performance results as measured
on the test.

11. The bren test was found to be the least reliable and the
least sensitive test of the battery. This test was relatively complex,
calling for the memorizing of a sequence of movements. It also required
the use of large-muscle groups which were, apparently, little affected
by the exposure conditions of the experiment.

12. The army outer clothing worn by the subjects during the
experiment was found to be highly effective in maintaining warmth,

even in the condition of inactivity.
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APPENDIX A

RAW SCORE DATA FOR TRIAL I (INDOOR)

Test-period I Test-period II Test-period III

Subject | Blocks¥* Bren Bolts Blocks Bren Bolts Blocks Bren Bolts
1 132 27 50 121 33 60 119 26 L9
2 125 25 42 122 22 36 115 23 39
3 137 36 60 132 34 56 12, 39 L7
L 164 48 6l 1,0 37 L7 134, 34 39
5 138 2L L7 118 22 37 110 25 39
6 137 51 L8 125  &h 55 119 36 54
7 145 31 66 139 34 57 134 32 55
8 142 27 38 135 24 L3 140 27 52
9 118 35 bl 119 30 L1 11k 2 L6
10 137 55 36 131 49 L3 133 42 5k
* The test order in each test-period was rotated. To simplify

the pregentation of the test scores,this order of rotation has not been
followed in the raw data tables.
The figures presented in the body of the tables represent seconds.

Data Concerning the Subjects of the Experiment.

Subject Outdoor
Number Age Height Weight Racial Origin Acclimatization Sports*
pr—— = =
1 30 68" 125# Irish Completely 0
2 25 704" 155#  Irish Fairly well 1
3 22 L 185# Scottish Completely 3
A 31 YA 152#  Norwegian Fairly well 4
5 20 75" 179# Scot/Can. Completely 10
) 25 713" 155#  English Fairly well 6
o 21 73 158#  Welsh Fairly well 3
8 19 710 145#  Hebrew Completely 0
9 21 69 170# Ukrainian Completely s
10 21 69n 145# Irish Fairly well 0
fr—— — ———

week devoted to outdoor sports.

#*The figures in this column represent the number of hours per
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APPENDIX A (Continued)
RAW SCORE DATA FOR TRIAL II

Test-period I Test-period II Test-period III
Subject | Blocks Bren Bolts Blocks Bren Bolts Blocks Bren Bolts
1 126 30 91 125 28 T 116 25 99
2 121 29 89 110 38 56 105 20 Sh
3 125 4h 78 133 39 70 128 38 67
b 135 47 105 139 L3 56 145 35 80
5 2y &l 62 121 33 L8 116 19 57
6 123 35 105 120 50 108 122 L1 9L
i 136 33 82 123 27 56 133 2l Sk
8 155 44 90 140 31 87 135 29 83
g 113 23 69 109 22 63 108 2l 6l
10 138 50 80 135 37 105 131 4O 68

Environmental Conditions:

Temperature: -24°C.
Wind: 4 mph.
Relative humidity: 82%

Further Data
(Objective) (subjective)
Hand-skin v Experimental
Subject Bemperature | Feelings of Cold | Condition of exposure
1 349C. 300C, none activiéty-in-isolation
2 34 18 none ditto
3 27 18 none inactivity-in-company
L 29 1L very cold ditto
5 21 20 mild discomfort |inactivity-in-isodation
6 20 3 mild discomfort ditto
T 29 30 none activity-in-company
8 3L 21 none ditto
9 33 3k none ditto
10 32 32 none ditto

* The first temperature reading was taken after the first expos-
ure period, and the second reading after the second exposure period.
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APPENDIX A (Continued)

RAW SCORE DATA FOR TRIAL III

Test-period I | Test-period IT Test-period ITI
Subject | Blocks Bren Bolts Blocks Bren Bolts Blocks Bren Bolts
1 121 27 103 111 30 120 130 31 95
2 o e i i - s i s e
3 127 32 73 135 39 78 142 42 87
i 133 37 100 131 32 92 11 30 103
5 107 21 58 121 20 63 107 16 63
6 116 31 66 115 30 70 105 29 76
7 127 28 70 122 30 72 13, 18 77
g 140 36 92 136 27 97 140 26 90
9 112 25 76 108 21 66 104, 23 66
10 137 37 108 W2 33 94 133 30 110

Environmental Conditions: Temperature: -20°C.
wind: 20 mph.
Relative Humidity: 86%

Further Data
(Objective) (Subjective)
Hand-skin Experimental
Subject Temperature | Feelings of Cold | Condition of Exposure
eV 3
1 179¢. 13°C. | Mild discomfort | Inactivity-in-company
2 -— ——— _—— ——
3 28 16 Comfortable Inactivity-in-isolation
L 27 14 Very cold ditto
5 34 34 Comfortable Acfivity-in-company
6 2L 8 Comfortable ditto
7 19 17 Mild discomfort | Inactivity-in-isolation
8 19 13 Mild discomfort ditto
9 34 34 Mild discomfort Activity-in-isolation
10 34 34 Comfortable ditto
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APPENDIX A (Continued)

RAW SCORE DATA FOR TRIAL IV

II

Test-period I Test-period II Test-period III
Subject | Blocks Bren Bolts Blocks Bren Bolts Blocks Bren Bolts
1 124 23 77 130 18 Ll 141 26 Ll
2 113 22 56 315 23 L9 108 21 54
3 115 39 66 117 23 59 123 29 65
ke 135 35 50 130 32 55 12y 29 72
5 108 20 42 105 18 42 | 104 15 43
6 120 26 71 110 2l 63 115 27 81
7 129 32 59 130 26 58 125 31 55
8 139 22 67 125 2l 58 130 23 56
9 113 22 5L 106 20 55 113 21 59
10 145 34 62 141 35 75 141 3 76
Environmental Conditions: Temperature: -20°C.
Wind: 6 mph.
Relative Humidity: 86%
L — — — —
~ Further Data
(Objective) (Subjective)
Hand-skin Experimental
Subject Temperature | Feelings of Cold | Condition of Exposure
1l 17°C. 11°C. | Mild discomfort Inactivity-in-isolation
2 16 10 Mild discomfort ditto
3 33 22 Comfortable Activity-in-company
L 3L 30 Comfortable ditto
5 30 27 Comfortable Inactivity-in-company
6 17 3 Mild discomfort ditto
) 30 28 Comfortable Activity-in-isolation
8 31 34 Comfortable ditto
9 28 13 Mild discomfort Inactivity-in-company
10 33 30 Mild discomfort ditto

— ==



APPENDIX A (Continued)

RAW SCORE DATA FOR TRIAL V

Test-period I Test-period II Test-period III

Subject | Blocks Bren Bolts Blocks Bren Bolts | Blocks Bren Bolts
= 114 25 87 116 30 91 116 32 107
2 108 18 41 105 26 50 111 25 L5
3 119 28 68 134 39 78 128 40 73
L 128 34 93 140 37 98 142 25 96
5 118 17 L8 123 17 L7 110 19 L3
6 108 19 53 115 24 ol 122 27 67
7 119 32 58 139 L2 62 148 39 65
8 116 23 57 132 30 61 140 33 78
9 101 22 45 110 26 54 115 22 57
10 128 40 64 138 36 80 133 28 75

e e e e e,

Environmental Conditions: Temperature: -26,5°C.
Wind: 22mph.
Relative Humidity: 91%

Further Data
(Objective) (Subjective)
Hand-skin Experimental
Subject Temperature | Feelings of Cold | Condition of Exposure
_—
1 250C, 120C. | Mild discomfort Activity-in-company
2 33 31 Comfortable ditto
3 21 17 Comfortable Activity-in-isolation
L 33 13 Mild discomfort ditto
5 33 33 Comfortable Activity-in-isolation
6 8 6 Mild discomfort ditto
7 8 11 Mild discomfort Inactivity-in-company
8 i 3] 12 Very cold ditto
9 16 13 Mild discomfort Inactivity-in-isolation
10 28 2L Comfortable ditto




APPENDIX A (Continued)

RAW SCORE DATA FOR TRIAL VI (INDOOR)
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Test—p;;iod I Test-period II Test-period III
Subject | Blocks Bren Bolts Blocks Bren Bolts Blocks Bren Bolts
1 108 23 50 111 16 57 109 19 56
2 111 18 49 103 19 L1 95 18 39
3 116 2L 60 107 2L 56 112 29 51
L 132 30 85 135 21 51 128 20 5k
5 116 15 35 110 1 3L 120 12 34
6 109 23 L7 99 21 37 95 15 37
7 123 27 53 112 19 L7 108 20 L2
8 130 20 L9 119 25 L7 122 16 35
9 107 17 Ll 102 16 42 109 15 35
10 140 31 61 132 22 58 125 21 Ll
FURTHER GENERAL INFORMATION
I. Duration of Outdoor Trials
Trial II |Trial IIT [Trial IV [Trial V
Time at beginning of Trial 13.40 13.30 12.27 12.13
Time at end of Test-period I 14.25 14.13 13.04 13.00
Time at end of Test-period II 15.10 14.53 13.42 13.41
Time at end of Trial 15.55 15.35 14.28 14.26
length of Trial | 2 hr.15' |2 hr.05' |2 hr. 01' | 2 hr.13!

II. INTER-TEST CORRELATIONS

Tests
Blocks=bolts
Blocks~bren

Bren-bolts

Correlation

0.41
0.52.

0.44



APPENDIX B

SUBJECT DATA QUESTIONNAIRE

Please supply the following information as completely and as
accurately as possible. If you think of any further facts per-
tinent to your acclimatization to a severely cold environment,
please append them to this questionnaire,

Name . Racial origin .

Age ‘ Height . Weight ‘

How many winters have you spent in Manitoba (or in a climate of
comparable severity)? :

How many hours a week do you devote to outdoor sports or activ-
ities? .

Which (if any) areas of your body are particularly sensitive to
cold?

Do you consider yourself acclimatized to severe winter conditions?
! 1 1 t

(not at all) (fairly well) (completely)

Describe the nature of the most severe discomfort you have ever
experienced due to the effects of extreme cold conditions

Further remarks

Note: at the conclusion of each outdoor trial of the experiment
you will be asked to make & Teport on your thoughts and
feelings of cold. To this end it will be necessary that
you consciously note these thoughts and feelings during
the outdoor trials, especially during the periods between
the presentations of the tests, and that you complete
the report,by filling out the questionnaire provided, as
soon as possible after the trials.
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APPENDIX B (Continued)

SUBJECTIVE REPORT QUESTIONNAIRE

Subjects are requested to complete a report as soon as is
practicable after each trial. Please supply all the information
requested.

Name = Date of trial .

Rate the state of your health and vitality on the day of this trial.
1 1 1 1

(below normal) (average) (better than usual)

How many hours sleep did you have during the night preceding this
trial? . How many hours sleep do you normally have? .

Did you have a substantial lunch on the day of this trial? (Rate this
on the basis of your usual lunch in winter time).
1 1] 1

(less than) (as much as) (more than)

Did you feel tired at the beginning of this trial? « AT the
end? .

How soon after you came outdoors did you begin to feel cold? .
Did you become progressively colder? .

What parts of your body were affected by the cold, and in what order?

During any of the tests, did you find it difficult to evoke quick ac-
curate responses from the muscles of your hands or arms due to the ef-
fects of cold,rather than to clothing or fatigue? . Name the
test, the part of the body involved, and describe the nature of the
difficulty. :

Do you think that with additional motivation you could have consider-
ably bettered your time score on any test? . Which test(s), and .
during which test-period(s) 5

Rate your feelings of discomfort due to the effects of cold during this
trial against the most severe discomfort you have ever experienced as
the result of being outdoors over a long period in severe cold.
‘ ' 1 1 1
(mo discomfort) (mild discomfort) (as cold as I (colder than I

have ever been) have ever been)
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APPENDIX B (Continued)

SUBJECTIVE REPORT QUESTIONNAIRE (Continued)

Please make a short, introspective report of your thoughts and feel-
ings due to the cold, particularly those occurring during your inact-
ive and isolated periods of exposure. (Did your thoughts influence --
that is, heighten your sensitivity to -- your feelings of cold? Did
the feeling of cold direct the course of your thoughts? Do you think
either the thought or feeling of cold had any effect upon the other?

Mention any instances of shivering, their duration, and effects).
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APPENDIX "C"

DESCRIPTION OF ARMY ARCTIC CLOTHING
PROVIDED FOR THE EXPERIMENT

Deseription Army catalogue number

1)
2)
3)

L)
5)

6)
7)

8)

9)

Battledress, blouse

Parka trousers (windproof) A - 26170

Boots, shearling lined, tank crew, A - 2680
(1949 patt.)

Parka, (fur-trimmed), with liner A - 25870

Cap, comforter C - 1050

Mitts, woollen A - 21650

Mitts, winter shell . A - 21635
OTHER EQUIPMENT

Gun, machine, Bren .303, Mk.I BE - 8176

(complete as per EIS 3052 CAFM 23-1004)

Cover, waterproof IJ - 3300
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APPENDIX D
STATISTICAL FORMULAE

The Arithmetic Mean.l ¥ = f..%_

The Standard Deviation or SD.

a) SD = %-(?.ﬁx_)

(where N is large)2

b) 8= SX2 (%) 2 (where N< 50) 2
N-1 " Nw+1)
¢) SDor s = (X7 - M1)2 + 2(Xo - M2)2

(N - 1)+ (N2 - 1)

(when two small independent samples are poolecl)"P

The Standard Error (SE) of the Mean (0.
SD 5
a). S n a2 (where N is large)
Emean N
b)  SEpean = —2— (where N¢50)°
—::

The Standard Error of the Difference between lMeans.

a) @Ds OR -y = J Ay + o.?-Mg

(for uncorrelated means, where N is large)’

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

edition, New York, Longmans, Green and Co., 1947), p. 32.

2 Tbid., p. 62.
3 Ibid., p. 189.

b 1bid., p. 206.

5 Ibid., p. 18k.

6 Ibid., p. 189.
7 1bid., p. 198.



9k

APPENDIX D (C6ntinued)

. /Zx—n 2 % (XM2/N3+N2
) sp= ZNl-lg + :mz-lﬁi-' NiN2

(for small independent samples)®

c) 0p = »/O‘zm]_ +O'2M2 = 2r12(M;Cp

(for correlated means)?

5 The Critical Ratio.l°

CR = _D_' (Where D= Ml = MZ)
dD

6 The Coefficient of Correlation.

NEXY - (3X)(£Y)
®) r= e - (0 Mer? - (en 3

(where N is large)ld

=4 _ __ 6D2
b) (O 1 + (where D = rank-difference
N(N% - 1)
in X and Y)

(where N 210)12

8 Ibid., p. 206.
9 Ibid., p. 209.
10 Tbid., p. 199.
11 1bid., p. 292.

12 1bid., p. 345.
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