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Explanatory Note. 

The experimental work in this thesis was undertaken 

while the author was working for two years at the 

Hot Climate Physiological Unit of the Colonial 

Medical Research Council at Oshodi, Nigeria, as a 

seconded R.A.M.C. Graded Specialist in Physiology. 
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(1) Introduotion & HistorY. 

(a) Long te;m eftects ot heat. 

The effect of heat on Man's physiology and psychology bas 

long been the source of much speculative, and sometimes 

erroneous thinking but it is only in recent times 

that the problems of human adaptation to heat have been 

put to experiment. Ot these two branches ot knowledge 

concerning human performance in hot climates, the stucq 

ot phySiology has attracted the most attention and, 

apart trom repeated discussion ot the concept ot 

tropical mental fatigue and neurasthenia, oomparatively 

little work has been done on psychological or 

psychomotor reaction to heat. Considering the 

pathological etfects of hot climates on Buropeans, 

Mastera, as recently as 1920, states that "neurasthenia" 

is almost universal", and that "loss of memory is 

common, especially on the West Coast ot Atrica where it 

is known as 'Coast Memory'. He states also that 

accl1matisation tor permanent residence of ~pean. 

in the tropiCS does not take place, and that such 

residents are expecially liable to disease trom 

d1minished resistance ot both mind and bocq. !his 

emphasis on the sapping ot mental vigour by heat is 

further extended by quoting Anderson' 8 views (1908) on 
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the subject; the latter's opinion seems a quaint mixture 

ot dogma and colonialiBm and is summarised as follows:-

(1) When a white species is well adapted to the 

conditions which environ it, it flourishes; when 

imperfectly adapted it decays; when ill adapted, it 

becomes extinct. 

(2) When a white man, a native ot the temperate 

zone, goes to the tropics there occurs a biological 

reaction ot his system to the new environment and a 

readjustment ot co-ordination between bie vital processee. 

(3) In the tropiCS the white man individuallJ can 

exist; racially he cannot. 

(4) Accltmatisation is not possible. 

(5) No super10r race can successfully govern an 

interior race superior in numbers, w1th equality betore 

the law. 

(6) Only by partial enslavement ot the coloured 

natives, superior in numbers, can the white man rule and 

govern the trop1cs, and 1t is only by rel~. of tresh 

representatives that he can conttnue h1s 8overe1gnt •• 

(7) No colony ot northern orig1n has ever been able 

to lead a permanent and independent existence 1n the 

trop1cs." 

These poss1b1y ~elevant statements are used to 

Bhow that although not explicit, 1t 1s t.p11c1t that tn 
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some way tropical man is much better suited to his 

tropical clime than is the temperate tlower, wilting far 

trom home. The main preoccupation is with the 

deterioration ot the white man, and no attention is 

directed to the eftect ot heat on the native. This 

"tropical fury ot Phehn" which assails the white man 

consists ot "diminished vigour, general debilitY', anaemia, 

irritability, nervous depression, and sleeplessness- and 

is ascribed by Masters to "slowing ot the pulse and 

slight impairment of respiration by which the heart's 

action is weakened and the vital organs are less well 

nourished." S1milar views concerning deter1.oration ot 

the white man in the tropics were expressed bY' Huntington 

(1924), and have been repeated since (Lukis & Blackham 

1931; McCartneY', 1943). 

In the spate ot research emanating trom the war 

years (1939-1945) some ot these misconceptions have been 

laid to rest. 'or example, criteria have been laid down 

as to what constitutes phYsiological accltmatisation to 

heat, and evidence has been accumulated to show how 

accllmatisation is acquired. Lade11 (1950-1952) baa 

shown tor example that temperate climate man in the 

tropics and tropical man, are capable in the extreme ot 

reaching a similar standard of accllmatisation to heat, 

and that individual accltmatisation is dependent on 
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individual activity and circumstances, rather than on 

racially acquired characteristics. S1milar findings 

have been obtained by Weiner (1949) in the Bantu 

mineworkers, and by Adam, Ellis & Lee (1953) in Asians. 

Also the neurasthenia of the tropics, so common to 

Europeans, is common among Europeans in s1milar 

conditions in non-tropical exile, as studies upon the 

reactions of sailors in isolated stations in Iceland and 

elsewhere have shown. (Critchley 1945). Tropical 

neurasthenia has been studied by Macpherson (1944) in 

New Guinea, and by Carpenter (1949) and Ellis (1952-1953) 

in Malaya, and has been shown to depend more on 

circumstances and the frustrations of isolation than on 

the actual climatic conditions. Trenchard (1946) showed, 

that of the cases of psychoneurosis invalided home from 

R.A.F. stations in the Far Bast, there were few that were 

not ascribable to a definite cause such as personal, 

domestic, or service stress, and that the climate per se 

could not be incriminated. Macdonald Oritchley (1945) 

laid down stringent conditions against which assessment 

of climatic effects must be considered, before being held 

responsible for psychoneurotic disorders in the tropiCS. 

Thus the concept of "tropical" neurasthenia has fallen 

somewhat into disrepute, and Lee (1946), referring to the 

confusion of thought and superficial reasoning concerning 
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effects ot tropical climate, reasserted the principle 
of continuous adaptation to environment expressed by 

Cilento (1933) regarding the efficiency of settlement 

of the white man in tropical Australia. Cilento 

maintained that given suitable amenities and 

facilities, permanent settlement could be attained. 

On the other hand, in the wider philosophical 

sense, the cltmate has often been advanced as explanation 

for tropical man's backwardness, and for the consequent 

lack of development and economic inferiority ot the 

tropical parts of the world. Mills (1942) elaborates 

this theme in an interesting and peculiar book, and 

illustrates it by reference to the learning abilities 

of rats reared from birth at three different 

temperature levels-, 65OF., 76~, 900 F. Unfortunately 

the experiments quoted are performed by a scientific 

friend who is unnamed, so few details are available. 

Mills indicated, however, that tests of learning ability 

were made on the group ot rats as young adults, and that 

rats reared in the cool climate required 12 trials to 

learn their way through a labyrinth to find tood, rats 

reared in moderate warmth required 28 trials, and those 

reared in tropical heat found great difficulty, and 

either gave up the unequal struggle or required an 

average of 48 trials before success. The cold room rats 
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after learning did not forget, even after a three month 

rest interval, but those from the warm and the hot 

cltmes made frequent errors, and after three months 

rest interval, retained no knowledge of the former 

experiment, and had to relearn allover again. Mills 

enlarges, by reference to his personal experiences of 

human races who exist in differing cltmates but who are 

not racially dissimilar. His impression of greater 

intellectual alertness and vigour in the members of the 

same race living 1n climatically cooler conditions, is 

one common amongst observers in the tropics (Critchley 

1945). No scientific analysis is offered, but as an 

example, Mills cites the effect of air conditioning on 

the productivity of one hundred Philippine women who 

worked in a bubble-gum facto~. Increase of efficiency 

by 30% was found when the factory ambient temperatures 

were lowered from 950 p to 650 p by air conditiontbg, gnd 

the women competed with each other in order to work in 

the cooled sections of the facto~. Stmilar conclusions 

concerning the impairment of efficiency by heat were 

obtained by Huntington (1924), who investigated the 

effect of climate and season on the productivity of 

American factory workers, and produced clear evidence 

of reduction of activity in the warmer climates during 

the swmmer i.e. the warmest time of the year. 
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Max~ productivity occured in the mid-winter amongst 

these workers, who were variously, cotton operatives, 

carpenters, and cigarmakers. Mills concluded that cool 

temperatures, 35-6001', "push man into an energetic 

ruthlessness, and that human energy and initiative 

rise to the highest level". This is held to account, 

in part, for the world dominance of North America and 

Western Europe, which contain one third of the human 

population. Another third of mankind, writes Mills 

in Africa and South America, "are held captive by the 

insurmountable difficulty of losing body heat in 

persistent tropical temperatures." But however, he 

clatms, at times in highland regions within the tropics, 

which offer a temperate climate, e.g. the Andes and the 

highlands ot Abyssinia, man has done well. The final 

third, Asia, China, and the Mediterranean countries, which 

have hot summers and cold winters are destined, according 

to Mills to pursue a middle course in world affairs and 

domination, "by a c11mate which holds them to a 

neutral course." Recent world eTat. have indicated 

that such a viewpoint can no longer be held. 

In a much more convincing stud7, Markham (1947) 

elaborates the role played by cltmate, and its control 

on world civilisation and history. It is pointed out 

that the "Theory ot climatic pulsation" in history is by 
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nO means a new one, and that Aristotle, Hippocrates, 

and Herodotus ascribed the success of the Greek 

civilisation to the excellence of its climate. This 

approach is adopted by Huntington in his "Civilisation 

and Climate", and later Markham attempts to correlate 

the rise of civilisation to the isotherm approximating 

to the ideal working climate, 60-76oF. The 700 annual 

isotherm is traced across the globe and it is pointed 

out, that before clothing and heating became developed, 

civilisation developed along this line. Thus the 

earliest civilisations occured in the southern 

Mediterranean, Mesopotamia, and Asia Minor, for example, 

those of Egypt, Babylon, Assyria, and Sumeria. Traced 

eastward, this isotherm crosses through India, along and 

across the Indus, where the former centres of Indian 

civilisation were sited, and then South Eastern China, 

across to Jlexico and Gua1:tt·.mala. Wherever this line 

coincides with moderate humidities, civilisation has 

advanced. Elsewhere in desert or jungle no great 

development occurred. However, with the discovery of 

a means of heating, superior to the open fire, 

civilisation moved to cooler regions with the 

development of the bypocaust. Thus Greece and Rome 

rose, and the Romans rapidly became the world's supreme 

heating engineers with their hot air distributing system. 
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But subsequent to the decline of Rome, the centre 

shifted back to the original isothermic line areas 

in Arabia and Persia, when once again climatic control 

was abandoned. Among the countries around the 

Mediterranean, Spain was late in its development, and 

did not take eminence until the lOth century, and then, 

beset by internal strife with the Moors, did not 

s~read its empire until the fifteenth century. In the 

Americas likewise, the Aztec and Inca civilisations 

arose in elevated regiohs, enjoying a "most salubrious" 

climate (60-70°) and the Mayan civilisation in Yucatan 

sprang from the central Americal highlands along the 

680 isothe~. The upsurge of civilisation again in 

Europe after the dark ages, was helped by the 

rediscovery of brick making, window and glass making, 

coal, and the invention of the fire grate and chimney, 

in the eleventh, twelfth, and thirteenth centuries. Thus 

with the acquisition of climatic control, world dominance 

came for the first time to Western Europe and Britain. 

The point emerges that whereas climes, colder than the 

ideal isothermic region, may become civilised by the 

development of climatic control, the hotter parts ot 

the world remain unorganised, for no simple solution waa 

procurable for its climatic adjustment. 
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Alternatively, Markham assesses the effect of 

hot cltmates, on the members of developed races from 

temperate zones who take up permanent residence in the 

tropics, where the temperature is greater than 750 P. for 

a considerable part of the year. He points out the 

remarkable degradation of the so-called "Poor Wl1 tes" 

in the Southern States of America, the West Indies, and 

South Africa "out of 2,000,000 whites, no less than 

300,000 are "Poor Whites." It is pointed out, however, 

that in other tropical areas, where the European returns 

home for frequent periods of leave, for example the 

Far East and West Africa, the problem of the poor white 

has not risen to the same extent. 

To summarise these general re-.rks it can be said 

that in the twenty years, between 1920 and the war years 

the following viewpoints were held concerning the long 

term effects of climate on man's development and 

behaviour: 

(1) Civilisation developed, geographically, 

economically, and physiologically, in the most suitable 

climatic regions. 

(2) In other regions, colder or hotter, little 

or no advance was made, except in colder regions with 

the development of climatic control. As no simple method 

of climatic control is feasible for hot regions, these 
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have remained undeveloped. 

(3) The long term effect of unrelieved 

tropical heat on the developed races is intellectual 

and moral decay. Since the war, critical examination 

shows that the evidence upon which climate, per se, has 

been incriminated, is fallacious. 

(4) While tropical heat is held to be 

responsible in part, for tropical man's backwardness, 

little or no attention has been paid to the effect ot 

Climate on tropical man, except in so far that general 

observations suggest an improvement in efficiency in 

COoler climatic conditions. 

(b) Short term effects of heat. 

• For a variety of reasons, in the last fifteen 

years remarkable impetus has been given to the study of 

the effect of hot situations on the mental efficiency 

ot man. Tli s has stemmed chiefly from the war years, 

and the necessity for conducting and controlling 

Complicated machinery in industrial and military 

Circuastances in tropical parts of the world. Men of 

the armed forces have been required to perform their 

duties efficiently in conditions of great heat. 

Critchley (1945) paints a vivid picture of "a rating 

in the tropics" trying to maintain vigilance while 

crouched in a minute compartment with a dry bulb 

standing at 950 F (or up to 110°F.) and a wet bulb at 
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850 F. - "naked except for shorts ••• , body streaming 

with sweat,probab1y covered with the rash of prick1'7' 

heat ••• but he has to cope with an exacting, boring, but 

highly important task." Similarly with the increasing 

and necessary industrialisation of developing tropical 

countries, analogous circumstances begin to inv~lve 

tropical man and have involved the temperate zone worker, 

both in industry outside the tropics and, more recently, 

in the tropics as well. Although, as long ago as 1915, 

it was observed that climate could exert an influence on 

efficiency in industry (Huntington 1924), in 1927 both 

Sundstroem and Bazett drew attention to the paucity of 

information concerning the function of the nervous 

system in hot climates. Among the earliest references 

to the effect of heat on efficiency, are those 

observations quoted by Bedford (1934) and made by Weston 

(1922) concerning the output of linen weavers, and its 

relation to climate. This observer found, as did Wyatt 

(1926) for cotton weavers, that the adverse physiological 

effect on the workers of wet bulb temperatures greater 

than 730" more than counterbalanced the decrease in 

warp breakages due to the increased humidity, and 

consequently overall output declined. Barcroft, in 1934, 
'. 

drew attention to heat effects on mentality, and 

experiments are described in which dogs, (Rice and Steinhaus 
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1931), and rabbits, (Marsh 1930), were exposed to high 

temperatures and their mental reactions observed, 

before unconciousness supervened due to hyperpyrexia. 

Later in 1938, Barcroft in "The Brain and its 

Environment" quotes in full the observations of 

Sutton (1909) who, stimulated by J.S. Haldane, studied 

the effect of heat on a healthy person's mental processes. 

External heat was produced by exposure in hot vapour 

baths, and the investigator's findings are stated 

as fo11ows:-

"The general condition of the subject, especially 

the mental phenomena seem to bear a close relationship 

to the rise of internal temperature. In later experiments 

a tolerable guess as to its height could thus be made. 

The marked sensation of heat, felt on entering the hot 

room soon passed off on resting quietly, and was replaced 

on the occurrence of free sweating by a relaxing and not 

unpleasant sensation of warmth. Dilatation of the 

vessels and relaxation of muscular tone was marked, and 

still more marked was the sensation of sleepiness, which 

otten times became quite overpowering. This condition, 

however, only existed during the stage of compensation 

when the body temperature was stationary or only beginning 

to rise gradually. The organism seems to reduce its 
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energy to a minimum, and so muscular and mental effort 

are practically abolished. This state lasted during 

these experiments for half an hour or so, for as soon 

as the rise of body temperature became at all definite, 

this was associated with quite another set of sensations. 

Sleepiness disappeared, and the complete muscular 

idleness passed off and was replaced by a marked and 

increasing irritability_ The change from drowsiness 

to wakefulness and irritability was comparatively 

abrupt, and occu1l'ed quite constantly at about 99 .. ·50 F. 

Once the rise of' rectal temperature wa's fairly marked, 

(2_30F.), the continuance of any employment, such as 

reading a book or sitting in one position, became 

intensely tiresome. ~or example, the attempt to learn 

by heart a short vocabulary of German words proved a 

complete failure. To remain at rest required a marked 

effort of will, and the only approach to comfort was 

obtained by lounging about, so as continually to change 

onets position. Later on the body temperature rose to 

over 103°F., and any irritation, however slight, became 

not merely tiresome, but actually annoying and trying to 

one's temper. This irritability - a preliminary sign 

of early exhaustion of the oontrol nervous system - 18 

thus closely assooiated with rise in body temperature 
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Immediate relief was felt on reaching the cool external 

temperature and this was accompanied by a rapid fall in 

internal temperature, (2-30 F.) in ten to fifteen 

minutes." Anyone who has experienced great heat can 

testify to the accuracy of these observations. 

Barcroft (1938) concludes from this, and his own 

experiments involving mental reaction to cold, that 

raising body temperature results in "excitement complex", 

while lowering temperature results in "Depression 

complex." Thus body temperature becomes, along with 

oxygen, glucose, and carbon dioxide, one of the factors 

requiring control for the fixity of the internal 

environment of Claude Bernard for the proper functioning 

of the higher qualities of the brain. 

By the late 1930's although it was agreed that 

heat, by raising body temperature, could impair mental 

processes, no exact measure of impairment had been made, 

although Borne attempts had been made to deftne the limit 

of heat which waB tolerable before deterioration 

occurred, in some industrial situations. TheBe 

observations Buffered from the naturallY different 

circumstances of type and condition ot occupation, and 

also different methods of recording the cltmatic 

conditions were used. Thus, using the Dry Bulb figure 

alone as an indication of heat Huntington (1924) 
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defined the optimum temperature to be 60-65 0 F.and 

Bedford (1948), records the finding of the New York State 

Commission on Ventilation 1923, that "men performing 

weight lifting did 15% more work at a temperature of 68oF. 

than at 75°F." 

Using the Wet Bulb figure, Weston (1922) and Wyatt 

(1926) noted decrement above 73°F. and the Cotton Cloth 

l'actciry Regulations (1929) fixed an upper limit ot 80°F. 

(wet bulb) above which all work must stop_ However, 

with the more widespread introduction of the Effective 

Temperature Scale,. better standardisation of climatic 

measurement became possible, but the w~dely differing 

industrial activities still rendered recognition of a 

critical level of temperature an impossibility. Thus 

the following different levels were found, abo'l'.,~which 

decrement in efficiency resulted; Vernon and Bedford 

found a 50% reduction in efficiency, in coal miners 

between temperatures of 660P. and SloF. Other workers 

found a 50,% reduction in efficiency occuring between 

910 and 970 F. (Lieberson and Marques), and 70° and 

930F., (Yag10u.) • Yag10u (1937) gave 11mi ts of effective 

temperature depending on activity as follows, for light 

work 900F. and for heavy work SOOp. This type ot 

industrial observation could only lead to confUSion, 

for differing activities combined different proportions 

ot physical and mental work and so were probabl1 

• Bee foomwte. 



-17-

liable to decrement at different levels due to different 

factors. Concerning purely mental work the only 

observations to hand were those mentioned by Barcrott 

(1934 & 1938), Huntington (1924) and Kuno (1934). 

Huntington found the scholastic performance of American 

cadets was reduced in hot weather, while Kuno (1934) 

mentioned that mental work was especially tiring in 

hot weather due to sweating being inhibited by mental 

exertion, thus producing more stress. 

It 1s proposed in the next section of this thesis 

to d1scuss in detail the l1terature of the last f1fteen 

years, which describes finite attempts to determine the 

effect exerted by heat on mental effiCiency, and the 

temperature or climate at which decrement in efticiency 

appears. 

~otnqt§. The Effective Temperature scale (Houghton and 

Yaglou '1923) was orig1nally a subjective scale, but was 

subsequently given objective valid1ty. The scale takes 

into account temperature, humidity and air movement, and 

indicates the temperature of still air saturated with 

water vapour in which an equivalent sensation of warmth 

would be obtained, and, in which stmilar physiological 

reactions would be produced. Two scales are available, 

namely "Basic" for subjects stripped to the waist, and 

"Bormal tor subjects dressed in light clothing. 
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Review of Literature, (1940-1955) on the short 
term effects of heat on Temperate Climate Man. 

The :first reports of the impairment of skill by 

heat came from America in 1942. Houghton, stacey, 

Urdahl and Watt, investigating the effect of heat OD 

the skill o~ unacclimatised young men for the U,8. Navy, 

found that reduced output and accuracy were not observed 

at effective temperatures o~ 730 F. and 800 F" but did 

appear when the effective temperature was raised to 

870 F, 

At about the same time, Bartlett (1941) in a stu~ 

o~ fatigue in elaborate and highly skilled work, drew 

attention to the type o:f changes to be expected in heat. 

Quoting from a series of experiments in which subjects 

were required to produce a co-ordinated response of 

eyes, handa, and feet, to stimuli from a set of control 

instruments and lights, Bartlett found that with time, 

the standards of response acceptable as satisfactory 

by the central nerTOUS system deteriorated. Operator 

error increased, though the operators felt they were 

performing more effiCiently, and the amplitude and 

limits of error also increased progressively in the two 

hour exposure. The chief source of error at first, was 

in timing of the response, and the correct actions were 

taken in rep17 to a stimulus but, at the wrong time, 
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Subsequently errors in judgement appeared, and the 

wrong actions were taken. With time, the subjects 

prOjected their errors on to extraneous causes and 

objects, and blamed the controls or interference by other 

subjects. Distracting stimuli e.g. noise, or heat, or 

even proprioception from body attitudes, had an 

increasing powerful interference effect with time, and 

subjective symptoms and complaints appeared. It was also 

found that in the pattern of multiple sttmuli requiring 

consideration before the response, that with time, stimuli 

from the margin of the pattern and not closely organised 

in the central field were forgotten or ignored, with 

resultant lapses. Prom these results Bartlett considered 

that in situations in which an organised pattern of 

stimuli require a oo-ordinated response of the central 

nervous system fatigue is manifested by the central 

control expanding "its indifference range." The 

threshold for central influences from the stimulus 

pattern rises, while a constriction of the field receipt 

from marginal to central 1nfluences occurs. Consequently 

distracting stimuli increase in interference effect, and 

as a result, inaccuracy of timing and dissociation ot 

performance appear, with ultimate failure of responeato 

the stimUlUS. Subjectively, irritab1lity appears, 

unreliability of assessment of performanoe becomes 
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manifest, and the subjects become possessed by physical 

discomfort, with projection of their shortcomings on to 

the instruments or their companions. These changes have 

been likened to the impairment of performance by 

anoxaemia and carbon dioxide poisoning (Critchley 1945). 

Following this work, research was stimulated and 

directed towards observation of decrement in less 

complicated situations, to attempt an analysis of the 

processes involved in complex stimulus-response 

mechanisms. Weiner and Hutchinson (1945) were among the 

earlier experimenters along these lines, and in 1943 

investigated the effect of heat on the performance,of 

a motor co-ordination test by laboratory workers and 

service men. The test was, in effect, of manual 

dexterity and involved manipulation with forceps of 

small steel ball bearings from a rotating gramophone 

disc. The balls were moved between two sets of holes 

on the rotating disc and performance was measured as 

the time taken to complete the given number of manipulations. 

Ball bearings which dropped fell on to a collecting tray, 

and had to be retrieved and placed in the appropriate 

holes before the manoeuvre was held to be complete. The 

number of balls dropped, also afforded an index ot 

dexterity, and the total times taken for the test, 

divided by the number of balls moved plus the number ot 
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balls dropped, gave the time per movement per ball as 

yet another index. Three series of experiments were 

formed, two were acute exposures to heat in (a) 

unacc1imatised, and (b) acclimatised sub~ects, and the 

third involved performance of an unacclimatised subject 

in a prolonged exposure to heat in the climatic chamber. 

In the first series, four subjects, who had three weeks 

practice at performing the test at ordinary room 

temperature, performed the test nude, in the climatic 

room, after a two hour exposure to an effective 

temperature of 91oF. Subsequently, on the same day or 

within a few days, control performances were done at 

ordinary room temperatures (dry bulb 68-650F.). 

Despite no increase in rectal temperatures during the 

hot exposure, manual dexterity, was said to be impaired 

because an increase of the total test time of 8% was 

found. 

In the second series of exper~entB after 

differing lengths of practice at room temperatures, 

six clothed acclimatised subjects performed the test 

in the climatic chamber, after an hour's rest following 

step climbing at an effective temperature of 9lOp. 

Control experiments at room temperatures following 

step climbing, were performed later. Upon comparing 

the series of tests following work in the hot room with 
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the series of tests without work in the cool, it was 
found that the total test time was 14% longer at 9loF. 

effective temperature than at room te~erature. This 

was statistically significant. The number of balls 

dropped, and the time per movement per ball, were 

also statistically greater in heat than in cold. 

Exposure to heat, in fact, caused a reversion in 

performance to the standards shown in the early 

practice performances. In the hot experiments the 

rectal temperatures of the subjects were above 1010F. 

but this did not seem to increase materially the 

decrement. 

In the third experiment involving prolonged stay 

in the hot room one unaccl1matised subject, after ten 

days' practice of the test at room temperatures, lived 

in the hot room for thirteen days. Each day, during 

this period, he performed the test in the mornings at 

820 P. effective temperature, and again in the afternoons 

after step climbing at 860 F. effective temperature. 

During the mornings his rectal temperatures were normal, 

but in the afternoon tests his rectal temperature 

averaged 103.2oF. At the end of thirteen days he left 

the chamber and performed the test in room temperature 

on six subsequent days. His performances for the last 

four days before entering the room, were compared with 
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those of the first four days in heat, and also the 

performance of the last six days in heHt were compared 

with the final six days in room temperature. All 

three indices of dexterity were greater in the heat 

both for morning and afternoon performances, so it 

can be seen thBt rectal temperature does not 

specifically affect performance. Once again it was found 

that the performance, in the first four days in heat, 

reverted to the standard of the early practices in room 

temperatures. The total test time was 11% greater in 

the first four days in heat than the last tour days 

before entering the chamber. However, while the subject 

was in the heat, his performance improved, and in the 

last six days in the heat, was almost as good as before 

entry into the room. 

Thus, Weiner and Hutchinson concluded that in 

all three groups ot subjects heat resulted in a 

deterioration in performance, which was independent ot 

body temperature rise. The deterioration was mainly 

due to slowness of movement and inaccuracy in handling 

the balls, due to impairment of motor co-ordination. 

That these conclusions, as based on these experiments, 

are open to criticism is obvious and more *il1 be said 

on this point later. 

In the years 1946-50, turther experimental 
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ev1dence, demonstrat1ng impa1rment of sk1lled and 

sem1-skilled ab1l1t1es by heat, became ava1lable. 

V1teles and 8mi th (1946) found 1n a var1ety of 

tasks, rang1ng from mental arith"metic to lathe operat1on, 

that young naval ratings showed a deterioration 1n 

performance at effect1ve temperatures above BOoF. Dur1ng 

the last few years of the war, Mackworth, at Cambridge, 

had been engaged on an exhaustive surgey of the effects 

o~ env1ronment on a var1ety of sk1lls, and with the end 

of the war, this work was released from security. The 

full reports were pub11shed in 1950, and compr1se the 

most comprehensive conclus1ons as yet in th1s field 

of research. Mackworth investigated the effect of 

heat on four types of act1v1ty:-

( 1) A s1mple form of muscular work -

tithe pull test." 

(2) A test involv1ng heavy effort with accurate 

muscular control - "the pursuitmeter test.1f 

(3) A semi-automatic h1gh speed mental task -

W1reless telegraphy recept1on. 

(4) An intellectual task - "the coding test." 

Ae.Mackworths t results and conclus1ons are of 

great interest in compar1son with the experimental work 

in th1s thesi8, it is of importance that they be 

cons1dered in detail here. 
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(1) "The pull test." 

In this test the subject, seated at a table, 

had to raise and lower a 15 lb weight each second, by 

bending and straightening his a~ in time to a metronome. 

The weight was suspended over a pulley on the end of a 

table by a wire, and the subject held the wire by means 

of a handle. The subject was asked to continue to lift 

the weight up and down till he was exhausted, and could 

not raise the weight from the floor. At each lift the 

weight had to be raised from the floor to a given marked 

height, normally twa feet, so that 30 ft-lbs of work 

was done for each lift. 

The subjects were well practised at this test 

before the experimental series, and, in addition, were 

physiologically acclimatised by daily acclimatisation 

exposures for two weeks to temperatures of 9loP or 97oP. 

effective temperature. The test was scored by means of 

a tape mea~ure band, passing round two pulleys, which 

moved two inches for each pull, and could be screened 

trom the subject or not as required. The number ot 

inches moved by the tape for each attempt divided by 

ten, constituted the score tn arbitrary units. Thus 

either the subject could see how he was performing and 

be encouraged also b~ a running commentary on his 

accomplishments, or, if the tape was screened, he could 
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be held in complete ignorance of his result. Two 

levels of incentive were consequently available and 

were used by Mackworth, to see if incentive could alter 

the effect of heat. The subjects were exposed for one 

hour, before performing the test, to the particular 

climate of the six test climates used, which were 

61oP., 690 P., 790 F., 83Op., 87°.50P., and 920P., 

effective temperatures. Uackworth found that at both 

levels of incentive, performance suffered with the 

hotness of the climate. Working with a high incentive 

produced overall better performance than working with 

low incentive, and in fact, working with high incentive, 

even in heat was as efficient as working with low 

incentive in the cool temperatures. Nevertheless, the 

performance curves were similar, though placed at 

different levels and attempts were made to define the 

critical level of temperature above which deterioration 

became significant. It was found that if the performance 

at 610 P. effe~tive temperature, was taken as the 

standard, then the first statistically different 

performance was at 830 P. effective temperature, for 

both h1gh and low incentive tasks. However, if the 

performance at 790P. effective temperature was accepted 

as the standard, (and this itself d1d not s1gnificantly 



differ from that at 610 P.E.T.) then the temperature at 

which a significantly different performance was obtained 

was found to be 87.SoF. effective temperature. Incentive 

difference, it was found, produced a statistically 

significant difference in performance at all temperatures, 

except 87.50 F. effective temperature and 920 P. effective 

temperature; thus with rise in environmental tamperature, 

incentive produced less effect on performance, and 

despite high incentives, decrement in efficiency 

resulted in the performance of this simple task. 

Mackworth also investigated the effect the level of 

ability of the subjects, as defined arbitrarily from 

the performances at 610 and 690 y. effective temperature, 

had on the reaction to heat. It was found that the 

Wgood subjects," or the men who were working hardest, 

suffered a greater fall in efficiency than the "average 

subjects." This is a point of some importance. 

(2) The pursuitmeter Test. 

The pursuitmeter is an apparatus deSigned to test 

the ability of.a subject at "tracking," attempts are 

made to follow an electrically driven, erratically 

moving pointer, with another pointer which the sub~ect 

controls by means of a weighted lever. It thus provides 

a test of accurate muscle control ~volving hand-eye 

co-ordination, and requires intermittent physical effort 

and constant 
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attention and concentration. Errors in alignment 

between pointers are summed on a recording dial and 

constitute an error score. If the error score obtained 

by a subject exceeds an arbitrary score, predetermined 

by running the machine without anyone at the controls, 

then the subject's atte~can be deemed a failure. If 

the error score be less than the machine score, the 

attempt is a "pass." 

Kackworth used this test to observe the effect 

of heat on acclimatised sailors in three hour exposures 

to climates of 790 F., 830 ., 87.50 F., 92oF., and 97oF., 

effective temperatures. Each of the ten subjects performed 

the test fifteen times per session. Mackworth calculated 

the results in terms of Percentage Failure Rate;/session, 

obtatn.4 by summing the total number of failures in each 

session and finding its percentage in terms of total 

number of attempts made (usually 160). As shown below 

the results indicated that performance deteriorated with 

rise in environmental temperature, both for overall 

performance per session, and for the performance in the 

third hour of each exposure:-

Effective temperature. OF. 12 

Failure rate{%) Overall. 14 

Failure rate{%) Third hour. 14 

19 

18 

21 

26 

35 

38 

62 

76 
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Thus for the climates up to 87.50 F. effective 

temperature, performance was of the same order, but 

above this temperature the failure rate rose steeply. 

Mackworth inferred that a logarithmic relationship 

existed in this test between deterioration and 

atmospheric temperature and derived a theoretical 

curve for the percentage incidence of failure 

occuring in the last hour of exposure viz:-

log y = 0.9176 + 0.179~ x 

where y = % rate of failures, and x = atmospheric 

temperature. Prom this, calculation was made to find 

at what temperature significant deterioration from the 

standard performance at 790,. effective temperature 

would appear. This was found to be 86-70 F. effective 

temperature. 

(3) Wireless TelegraphY Reception. 

In this test eleven acclimatised and experienced 

wireless operators were required to receive Morse code 

messages in the following different atmospheric 

temperatures- 790F., 830 F., 87.50F., 92oF., and 970 F., 

effective temperatures, during three hour exposures. 

The messages consisted of 1250 mixed letters and 

numbers each, and three messages were relayed in each 

of the three hours of exposure. The operator's 

attempts were then marked, and any message 
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containing five or more missing or incorrect symbols 

were regarded as faulty; the percentage incidence of 

faulty messages tor each session was thus found. The 

results showed that a decline in performance resulted 

with heat:-

Effective temperature °P. 

Percentage Incidence 

Pau1ty messages 18 18 22 33 40 

A 10g~ithm1c relationship was again suggested 

by these figures for deterioration with rise in 

atmospheric temperature, and the following equation 

derived for the performance curve, viz:-

Log y = 1.1077 + 0.0957 x 

where y = % age incidence of faulty messages, and x 

• atmospheric temperature. Prom this it was deduced 

that the critical temperature tor accuracy was between 

87.6 and 920P. effective temperature. 

In addition to this, .ackworth analysed the 

results by considering the actual average error score 

per hour for each session, and by this method found that 

the critical temperature level was 87.6oP. effective 

temperature. The results were also considered in terms 

of the operators ability as judged by their performances 

at 790P. effective temperature and the men were split 
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up into "Exceptionally skilled," "Very good," and 

"Competent" categories. It was found that the "Very 

good" and "Competent" groups showed a marked 

deterioration in heat, whereas the "Exceptionally 

skilled" men showed little deterioration. This may 

be interpreted as showing that the more automatic or 

"Highly skilled" a worker may be in this type of work, 

the less decrement he shows, or alte~atively that the 

harder a man has to work to attain a standard, the more 

liable he is to show deterioration in adverse circumstances. 

Mackworth also found that with time the hourly error 

scores within a session increased except in the 

hottest climate, when in the first hour of' exposure 

an already increased number of errors were made. 

(4) The Coding Test. 

This was the most intellectual task 

investigated in Mackworth's survey, and the twelve 

subjects were required to arrange on a peg-board, a set 

of' small squares of two sizes, according to a coded 

series of instructions. The correct squares had to be 

selected 8nd then arranged in a particular way; in 

addition, the large and small squares had to be arranged 

in combination, and orientated in a definite way. The 

subject worked through as many of the boards as 
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possible within the test time of three hours, and all 
had had adequate practice on the test before the 

climatic series was attempted. Mackworth used the 

same test temperatures as before, 79°F., 830F., 87.50F., 

92oF., and 97oF., effective temperatures, and the 

performances of the subjects was measured as the 

average number of mistakes per hundred boards. The 

following performances were obtained and a logarith~ic 

relationship was once again deduced. 

Effective t~rnRerature o~. 12 §§ ~ ~ 22 
Average mistakes 20.9 22.0 28.5 33.5 42.7 

The eQuation of the curve was found to be:-

Log y = 1.2136 + 0.0803 X 

where y was the incidence of mistakes, and x the 

atmospheric temperature. From the performances the 

critical level of temperature for deterioration was 

87.50 F., effective temperature and from the 

theoretical curve 90°F., effective temperature. 

From these four experiments Mackworth (1950), 

drew the following conclusions which still form the 

basis of present day thought concerning heat and 

efficiency:-

(1) There is a critical region on the 

atmospheric temperature scale, above which most 

acclimatised men will not work efficiently. This 
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region lies between the effective temperatures readings 

of 830 F., and 87.50 F., and this conclusion applies to 

all forms of intensive work, both physical and mental. 

(2) The accuracy of very highly skilled men 

is not affected as much as that of less skilled workers, 

because skilled men require less effort to complete a 

given task. It is men who are putting the greatest 

effort into doing their work, who deteriorate most in 

the heat. Thus in a phy~ical task those working hardest 

suffer most, whereas in a mental task it is the men 

who are straining their resources, who suffer most 

i.e. the less skilled men. 

(3) In tp~ee entirely different performance 

tests, the index of deterioration bore a logarithmic 

relationship to the atmospheriC temperature. This 

logarithmic relationship is most valuable to the 

organism because it allows a remarkab~ effective 

compromise between two conflicting biological requirements. 

Mackworth states that ·'Man must be able to respond in 

two different ways to environmental change: he must 

be able to ignore minor variations in his surroundings 

but he must be very much aware of potentially 

harmful extremes." Mackworth also draws attention to 

the general physiological principle mentioned by 

Barcroft (1934) that the logarithm of the degree of 

activity of a vital process often correlates with the 
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temperature at which it takes place. 

(4) There is no direct relationship between 

rise in rectal temperature and the incidence of mistakes; 

the association is non-causal being dependent on the 

common factor of room temperature. 

It is to be noted, that although in all the 

tests, the experimental subjects were stripped to the 

waist, Mackworth used the Normal scale of effective 

temperatures to determine the effective temperature 

represented by the particular atmospheric conditions 

of the test climates instead of the more appropriate 

Basic scale. 

Since 1950, evidence has been obtained which 

throws doubt upon some of the conclusions made by 

Mackworth. It will be remembered that Mackworth's 

researches were made in England upon young British 

men, artificially acclimatised to heat bt repeated 

daily exposures in a climatic chamber. 

The question rose as to whether his results were 

applicable to temperate climate subjects who had been 

living in the tropics for some time, so that not only 

were they locally and naturally acclimatised to heat, 

but were in fact residing between experimental exposures 

in tropical conditions. Consequently, Pepler, 
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in Singapore, instituted a long series of experiments 

designed to test this point, and during the years 

1950-1953 investigated heat effects on the following 

abilities:- wireless reception, pursuitmeter 

performance, and some "intellectualtt and. vigilance 

tasks. It will not be necessary to consider in detail 

all Pepler's experiments, but the important work 

relevant to the thesis will be discussed, and the 

general conclusions compared with those found by 

Maclcworth. 

fursuitmeter test. 

Pepler (1953 a) found that his tropically 

acclimatised subjects, when exposed to climates of 

660F., 760 F., 84.50F., and 9l.50F., on the Basic 

effective temperature scale, performed better at 

660 F., and 76.20 F., effective temperatures than at 

the higher temperatures. The difference between 

performances at 76.20F., effective temperature and 

84.50 F., was significant, and "performance in the 

warmer climate was more erratic, less accurate, and 

generally rather disorganised." Performance was 

measured by Pepler in terms of a Total Error Score 

by means of an electrical scoring device fitted to 

the purauitmeter, and also by using the Total Error 

Score obtained by summing the angular errors recorded 



-36-

on the machine error dial. The pass-or-fail method of 

scoring was not used, and because of this, an important 

point was brought to light, for Pepler found that at 

9l.SoF. effective tenperature, although performance was 

worse than at 84.50F. effective temperature, the 

difference was not significant. However, he concluded 

that the effect of heat on tracking by locally 

acclimatised subjects was similar to that found on 

artificially acclimatised subjects in England. Later, 

in a larger experiment, Pepler (1953 b) again found that 

performance deteriorated with heat, and observed a 
o significant change in Error Score from 79.5 F. effective 

tempera ture to 84. 5~. effective temperature. But 
o performance at 92.5 F. effective temperature, although 

worse than at 84.SoF. effective temperature, was not 

significantly different. These observations in two 

experiments, Pepler concluded, ttal though not disproving 

Mackworth's general hypothesiS of a logarithmdc relation

ship between the index of deterioration in performance and 

the room temperature,do not, however, support it." In 

the second experiment, Pepler applied the pass-or-fail 

scoring method to some of his results and found the 

failure rate to be increasing from 79.50F. to 84.5 0F. 

effective temperature, and then to 92.50F., Itin line 



with Mackworth's results." It was felt that the 

meaBUre of agreement obtained by this manoeuvrc~ in 

combination with the observations on Total Error Score, 

provided some evidence that the logarithmic relationship 

suggested by Mackworth was due largely to the influence 

of certain specific conditions in the experiment, ~ong 

which the relative dif~iculty of the task was of prime 

importance. On neither method of calculation did the 

results Bhow a relationship between performance and 

simple physiological mea_ures. Some evidence was found 

however, that the standard of tracking in moist climates 

(80% Relative humidity) deteriorated over a lower 

range of effective temperatures than in dry climates, 

(20% Relative humidity). 

Morse Code Reception. 

In his investigations of wireless reception, 

Pepler (1953 c) met considerable difficulties and 

obtaiDed somewhat confusing results. Twelve subjects 

who were fully trained operators, and who had been 

resident in Singapore for at least six months, underwent 

an intensive period of training at receiving morse 

before taking part in the experiment. They were then 

exposed to the test climates, either in morning or 

afternoon test sessions, each of which lasted three 
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hours. The climates used were 71oF., 7SoF., 81°F., 8SoF., 

91°F., and 9SoF., effective temperature on the Basic 

scale. Twelve Morse Code messages, each of 250 g~oups 

symbols, were relayed in each session,.and performance 

was measured as the average number of errors per message 

at each climate. Rather strangely, the results obtained 

for morning and afternoon sessions varied from each other. 

In the morning session performances at 71oF., 81°F., and 

8SoF., effective temperature were similar, but at the 

higher temperatures 9loF., and 96oF., effective temperature, 

the performances were significantly poorer. At 76°F., 

effective temperature in the morning sessions, 

performance was alsQ. ·p60r~, .. but Pepler ascribed this to 

the behaviour of some of the operators who were in a 

light-hearted mood, and did not concentrate on the task 

as consistently as usual. In the afternoon sessions, 

performance at all climates was better than in the mornings, 

but performances at 81oF., 86°F., and 96DF., effe'ctive 

temperatures were of the smne order. ~he worst 

performances were at 71°'., and 91°'., effective 

temperatures, and the best at 76oF., effective temperature. 

Pepler felt that these findings were due to the 

large measure o~ uncontrolled variability of the operators, 

but in view of his criticism of the light-hearted 

operators, and because elsewhere he states that some 

of the data had 
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to be rejected because one of the operators was drunk 

in the cltmatic chamber and had to be excluded, it 

appears that the operators did not take the experimental 

series very seriously, and this may well explain their 

variability. That this may have been due to boredom, 

following the prolonged pretest training they underwent 

is likely. 

Nevertheless, Pepler thought that there was some 

evidence, that men accustomed to living in the tropics 

could maintain their efficiency better over the range 

of climates, than did Mackworth's artificially 

acclimatised subjects. When performance was considered 

in terms of ability, he found that highly skilled men 

were able to maintain their level of accuracy despite 

the hottest climate. Deterioration in accuracy, with 

time, within sessions, was found for all sessions and 

all operators. Once again no direct relationship was 

found, between accuracy of performance and measure of 

sweat loss, or increase of rectal temperature. However, 

in view of the circumstances of this experiment, it is 

obviously difficult to put any undue weight upon any 

of the results. 

It will be of value to mention one more of 

Pepler's experiments at this stage, before considering 
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his general conclusions. This experiment is concerned 

with visual vigilance (Pepler 1953 d), and consisted 

of two series of climatic exposures, in which subjects 

performed the "Clock Test,tt devised at Cambridge by 

Mackworth (1950). In this test, the subject watched 

a pointer moving round a circular scale, graduated into 

a hundred division.. The pOinter usually moved one 

division per second, but at irregular intervals of 

time it would move double this distance, thus providing 

a stimulus to which the subject was required to respond 

by pressing a key. Performance was measured by the 

number of signals missed per climatic session of two 

hours. Pepler found in his first series that 

performances at 66oP., effective temperature and 92oP., 

effective temperature were better than at 82oP. 

effective temperature, but in his second series, which 

in contrast to the first was short and compact, the 

reverse result was obtained. Deterioration with time 

within sessions, was marked after the first half hour 

&t the two hour exposures. This experiment indicates 

the difference in results obtained in the same 

circumstances on different occasions, and in this case 

the difference was held to be due to prolonged length 

of the first series, during which the subjects lost 



interest, while in the second series the subjects 

maintained a high level of interest and effort. In 

addition, the second series of this experiment indicated 

that a deterioration in performance occured with change 

in temperature in either direction from the climate to 

which these subjects were most nearly accustomed i.e. 

820F., effective temperature. Yore attention will be 

paid to this point later, as Pepler's later work 

provides some confirmation of this finding. 

Pepler (1953 e) summarising his views, maintained 

that the reaction to heat of young men from temperate 

climates, living in the tropics did not differ from those 

of artificially acclimatised subjects in Bngland. 

However, criticism was made of Kackworth's concept of 

a critical temperature range in view of the marked 

variability in performance which may result from 

difference in motivation and ability of the subject. 

Finally, doubt waS also cast on the logarithmic 

relationship of performance to temperature, in view of 

Pepler's failure to find a logarithmic fit to either 

the wireless reception, or the pursuitmeter results. 

General confirmation was found for Mackworth's findings 

concerning the effect of ability, and also for the 

deterioration in performance with ttme within test 
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exposures. 
In 1953 also a negative result for the effect 

of heat stress on a mental test was reported. Bartlett 

and Gronow (1953) used a test designed" to assess the 

effect of heat on anticipatory perception and judgement. 

The subjects were given in succession squared cards 

upon which were marked spmbols representing aircraft. 

It was to be imagined that the aircraft on a given card 

would move over the card in certain directions 

determined by rules of movement and indicated by the 

symbols particular situation on the card. The subjeBt 

was required to assess whether collision would occur 

between the aircraft. Four climates were used to 

observe heat effects, namely 60-700 F., (dry bulb); 

80°F. (dry bulb), 70°F. (wet bulb); 90°F. (d7Y bulb), 

80°F. (wet bulb); and 1000P. (dry bulb), 90°F. (wet bulb), 

and the subjects were exposed for half an hour, and then 

performed the test in the second halt hour of the 

hourly exposure. No effect on performance was found; 

it should be mentioned that the subjects were, in fact, 

research workers at the Institute of Aviation Medicine 

and corresponded to "Exceptionally skilled workers." 

Thus no deterioration might be held to be likely on 

this count and also, in view of the shortness of 

exposure and the probably high motivation of the 
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exper~ent, it waS unlikely that decrement would be 

found. 

Later, in 1953, Pepler published the results of 

further investigations on some of the points raised by 

his earlier work. With regard to the effect of 

motivation, he performed two experiments in which the 

level of incentive was varied. In the first (1953 f) 

the subjects' pursuitmeter performance was observed 

over a climatic range of 76°F., 81°F., 86°F., and 

110F., effective temperatures when they were given no 

information about their performance, and no 

encouragement, and also when full information and 

encouragement were provided. Pepler found that the 

best performances at both incentive levels were at 

81oF., effective temperature, and that at higher 

temperatures, performances were worse, de~pite h1gh 

incent1ve. Like Mackworth (1950) he found that even 

at high temperatures, performance with high incentive 

was better than the best performance without incentive. 

Performance at 76°F., effective temperature, at both 

incentive levels was not as accurate as that at BloF., 

effective temperature; this provided more evidence to 

support Pepler's finding in the vigilance test that 

alteration of cltmate in either direction might affect 
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performance in subjects adjusted to the small 

temperature range of ambient conditions in the tropics. 

Pepler's second experiment (1953 g) with incentive 

level variation waS a more complex mental test, in 

which subjects were required to note discrepancies 

between paired symbols printed on cards. Once again 

either no information, or full information with 

encouragement concerning the standard attained, 

represented the incentive levels, and the same test 

climates as above were used, namely 760 P., 8loP., 86°F., 

and 910P., effective temperatures. The most accurate 

performances were at 81°'., effective temperature at 

both 1ncent1ve levels; below and above this climate 

performances were sign1ficantly worse. In this experiment 

also the speed bf card presentation to the subjects 

was varied from fast to slow, at both incentive levels. 

It was found that the results were similar for slow 

speeds at both incentive levels over the range of 

climates. But at fast speeds with increase in temperature, 

deterioration was greater at the high incentive level 

than it was at the low incentive level - this is in 

agreement with .ackworth's general conclusion that the 

subjects who try the hardest deteriorate the most. 

In a If.rger experiment, using the same test and climates 
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Pepler (1953 h), confir.med that performance was most 

efficient at the climate nearest ambient i.e. 8loF., 

effective temperature, at any of three different rates 

of working, when no incentive was offered. Thus 

Pepler (1954) concluded:-

(1) Men do not work as efficiently at 860 F., 

effective temperature, as they do at 81°1., effective 

temperature, under differing incentive conditions and 

at different speeds. The effect of heat was deterioration, 

independent of incentive, knowledge of results or 

standard achieved. However, high incentive at the worst 

climate may provide a better performance than low 

incentive at the ideal climate. 

(2) Men used to a small range of climate 

variation, work best at the cltmate nearest ambient, and 

may be less efficient at cooler temperatures. In three 

tests, perfor.mance at 76Op., effective temperature was 

poorer than at 810
,., effective temperature. This may 

be due to the subjects becoming more sensitive to 

climatic change, owing to the narrow range of ambient 

conditions. 

(3) Progressive deterioration in performance 

at temperatures above 86°'. effective temperature, was 

not evident except in the mental task at high speeds of 
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working, and in the tracking task at low incentive 

level. These results once again, do not favour 

Mackworth's finding of a logarithmic relationship 

between performance and temperature. 

The popular concept of incentive under special 

conditions, staving oft physical and mental deterioration, 

has long been considered possible, and the evidence 

accumulated by Mackworth and Pepler tends to its support. 

Blockley and Taylor (1954) drew attention to exper~ts 

performed earlier which provide striking confirmation 

of this phenomenon under the most adverse physical 

circumstances. Blockley and Lyman (1950 & 1951) found 

that in exposures up to one hour at very high 

temperatures, subjects could maintain their psychomotor 

standard for 60-90% of their "physiological tolerance 

t1me". The psychomotor tests used were addition and 

number checking tests, and also a task simulating 

complicated instrument flying. The "physiological 

tolerance time" was reached at the onset of the first 

symptoms of collapse such as complaint of intolerable 

stress, faintness, nausea, paraesthesia, mental confusion, 

compulsive restlessness, dyspnoea or a tac~ard1a 

greater than 140 beats per minute. The temperatures 

used tor these flight simulation experiments were 

1600,., and 2000 F., and tolerance timeu were of the 
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order of 30 minutes for the very high temperature, while 

psychomotor deterioration only showed at 21-29 minutes, 

but rapidly became complete. Two subjects who were 

particularly well motivated performed more nobly than 

the others, but all were experienced pilots, whose 

reactions represented an "emergency maximum duration of 

stress which could not be used as a design value for 

routine flight plans." Blockley and Taylor, after 

stressing the importance of motivation, maintain that 

usually, however, psychomotor performance fails long 

before phySiological collapse threatens, and that 2-4 

hours is the maximum psychological tolerance time, even 

in only uncomfortable temperalures, when the 

pbysiological tolerance time is much greater. Pepler 

(1956 a) has confirmed that in 29-30 minute exposures 

to high temperatures (dry bulb 11SoF., wet bulb 1050 F.), 

well motivated subjects maintained their pursuitmeter 

performances almost until physical collapse. 

Negative reports of the effect of heat on same 

abilities appeared in 1954, from Teichner and Robles. 

Teichner (1954) in a review of stUdies of simple 

reaction time concluded that ambient temperatures 

(_ 50oF. to + l17oF.) have little or no effect on 

simple or complex reaCtion time. 
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Rohles (1954) studied the effect of temperatures of 

700P., 600 P., 500r., 40~., 30°F., on "serial discriminative 

responses" as manifested by typing. He found the best 

performances of the 25 subjects as indicated by the 

least errors and the lea.st time taken to complete a 

given work, were made at 600 P. Above and below 60°F., 

and 50°F., more time was required but little change in 

number of errors was found until the temperature was 

below 40°F., In a further experiment, temperatures o~ 

_550P., to 110Op., at 15° intervals were used, and the 

subjects performed manual dexterity, pursuit and 

co-ordination tests. Analysis of variance of tae 

results showed temperature to have been ineffective as 

a caUse of variation in performance, but the statistical 

manipulation of the results seems to be based on 

peculiar premises. Performances from climate to climate 

were compared with each other by stUdent's "t" test 

and then the number of significant "t'S" for each 

climate was then used to perform an analysiS of variance. 

Fraser and Jackson (1955) failed to support 

Teichnerts finding in their study of the effects of 

temperatures 90°F., to 104°F., (90-95% saturation), on 

serial reaction time. The subjects were required to 

perform the Cambridge visual vigilance test and the mean 

reaction times to the serial stimuli were measured 
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electrically before entry into the heat, and after 

one and two hours exposure. The rise in reaction time 

in heat was found to be significant add they conclude 

that it offers a clear cut index of psychomotor change 

in heat stress of the temperatures used. 

Finally Pepler (1956 b) in a SUJmnary of the 

positio~~ points out that in a variety of tasks, 

performance is less efficient at 86oP., effective 

temperature, than at 81°F., effective temperature, and 

draws attention to the fact that man becomes less 

etficient at carrying out a skilled task within the 

first few minutes in the heat, particularly if it is 

humid heat. While pointing out that man is, or may 

be able to compensate for adverse climate, under 

certain conditions, Pepler asserts that this may be 

potentially dangerous, in that other features of the 

situation may temporarily be regarded as unimportant. 

Before closing this review of relevant 

literature, it is worth while to note the efforts that 

have been made to correlate mental impairment with 

physical or physiological measures. Mackworth (1950) 

and Pepler (1953 a,li,c,e,) have found that performance 

could not be correlated either with sweat rate or rise 

in rectal temperature. Both relate the onset ot 
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impairment to the effective temperature of the atmospheric 

conditions, rather than to any physiological measure ot 

the subject. Physiologically, the upper desirable 

level of warmth has been defined by means of the 

predicted tour hour sweat rate, or P4SR - as determined 

from a empirical nomogr~, combining energy expenditure 

of the subject, clothing worn, air temperature, 

humidity, and speed. This conclusion was reached by 

McArdle et a1. (1947), after a long series ot observations, 

and these observers considered the threshold for 

intolerance was reached by hyper-accl~atised subjects 

at a P4SR of 4.5 litres. Ellis (1953a) maintains that 

for everyday practice, the level should be 3.5 litres 

in the Far East, and 3.0 1itres on ships at sea. An 

extension of this line of thought by Williams (1955) 

using Mackworth's results as a basis, places the upper 

1tmit tor continued efficiency in psychological 

performance at P4SR 0.7 litre. Blockley and Taylor 

(1954), tackle the problem in a different manner, by 

plotting the psychological tolerance time, 8S 

determined in their flight simulation task, against the 

heat storage rate of the individual, as found by 

calculation from the rate of rectal temperature rise. 

Because their results only deal with exposures up to 
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30-60 minutes, extrapolation was used, based on the 

results of other workers, to derive a curve for larger 

tolerance times, both physiological and p~ychological, 

against Body Heat Storage rate. That extrapolation is 

a hazardous procedure in these circumstances must be 

remembered, so that the chief value of this curve is 

confined only to similar or the particular circumstances 

of its derivation i.e. in heat exposures less than one 

hour and in the same conditions of subject ability and 

motivation. It must also be remembered in te~s ot 

assessing decrement by physiological measures, that as 

Pepler (1956 b) has pOinted out, impairment is obvious 

within the first few minutes of exposure to a hot 

atmosphere before any considerable heat storage could 

take place, before in fact, the rectal temperature rises, 

and before the subject has had opportunity to start to 

sweat at a rate commensurate with a predictable loss of 

0.7 litres in four hours. 

General Conclusion •• -
(1) Evidence is overwhelming, that psychomotor 

efficiency is impaired at effective temperatures in the 

region ot 860P., for artiticially and tropically 

acclimatised temperate climate subjects. Dispute 

exists as to whether progressive deterioration with 

temperatures above this limit is real, and logarithmic 
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in nature, or whether it is the result ot specific 

factors in the experimental method. 

(2) Subjective ability or skill, incentive, 

interest or boredom, and motivation may deter.mineor 

alter reaction to heat. 

(3) No general physiological measure has been 

found to predict the onset of impairment, and the best 

indication is the physical measure of the effective 

temperature of the specific atmospheriC conditions in 

relation to previous experience and observations. 

(3) The Short Term Effects of Heat on Tropical Men 
All the work discussed in the section 2, has been 

performed using men normally from temperate climates as 

subjects, and up to date few laboratory observations 

have been made on tropically indigenous subjects. 

Wyndham et al (1951-1953) have investigated the effect 

of beat on the "Arm ergometer performance" of African 

gold mine recruits. The ergometer test was, in fact, a 

muscular pull teBt similar to that used by Mackworth 

(1950), and the subjects were exposed to Climates of 820 

to 96°'., effective temperature. These observers found 

that working efficiency deteriorated at temperatures 

above 86°F., effective temperature. The fact that 

temperate climate man~s reactions to heat of short 

duration is of importance, has been emphasised both for 
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work in the tropics (Crowden 1949, Mole 1952), and also 

in specialised situations in temperate climates (Mole 1952), 

(Blockley , McCutcham & Taylor 1954~. The necessity for 

considering whether the results obtained on temperate 

climate man can be used for antiCipating the effects of 

heat on tropical subjects, does not seem to have been 

investigated. That tropical workers are sometimes 

exposed to temperatures above those generally accepted 

as being "critical" for temperate workers has, however, 

been pointed out. Reddy (1947) drew attention to this 

. problem, and quoted results obtained by Bedford (1946), 

in a survey of industrial conditions in India. Bedford 

found cotton factory temperatures reading 900 F., and 

occasionally l050 F., with high humidities, even though 

the hot season of the year was not at its height. 
j 

Concerning efficiency, Bedford revealed that production 

per man was often only ~-t of production in Western 

European cotton mills, and he felt that high 
~ environmental temperatures might account fo~, of the loss 

in efficiency, altbbugh other causes of inefficiency were 

present. Caplan and Lindsay (1947) investigated the 

effect of high temperatures on the efficiency of Indian 

worker,S in deep mines. The subjects worked nude, at 

hand-drilling granite blocks for three hour exposures, 
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and the index of performance was the number of inches 

drilled per hour. For cpmparison, the amount of work 

done was expressed as a percentage efficiency figure, 

100% representing the average, done under the most 

favourable conditions during the first hour of a 

test. Caplan and Lindsay found that the rate of 

working declined with t~e, and that in the hotter 

places efficiency was lower than in the cooler parts. 

The best conditions experienced was a wet bulb 

temperature of 83°'., and this performance was taken 

as 100%. At wet bulb temperatures of 89.5~., 88.2°'., 

and 86.60P., during the first, second and third hours 

respectively, efficiency was 80%. Only 50% efficiency 

waS found at wet bulb temperatures of 94.4°'., 93.0°'., 

and 9l.30 P., during first, second and third hours of 

expOsure. They concluded that below wet bulb 

temperatures of 850P., no serious d~inution of work 

waS found, but at 90~., only 60% efficiency can be 

expected. At 93°F., they felt that hardly any satisfactory 

work can be found, after two hours, and that none could 

be expected after the third hour. They state that 

the apparent high efficiency at wet bulb temperatures 

ot 83°'., compared with those found for Europeans, 

were due to the Southern Indian labourer adjusting 

his basiC rate of working to that demanded by tropical 
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conditions. Bedford (1951) also referred to the 

apparent higher efficiency of coloured workers at 

wet bulb temperatures of 84oF., but ascribed this to 

the probability that "the European sets himself a 

relatively much higher standard in a cooler 

environment." Robinson et aI, earlier in 1941, found 

that Negro workers were mechanically more efficient 

than white workers in the Southern States of America, 

and concluded that this was because the Negroes had a 

better temperature regulating mechanism. In hard 

physical work of this nature, however, differences 

in acclimatisation may have been responsible for 

the results. 

Experience in West Africa shows that environmental 

temperature in mines, industrial situations, and even 

operating theatres, may exceed the upper desirable 

level of warmth. Ladell (1953) found basic effective 

temperatures in a gold mine to be 9l.50 P.-930F., 

Watkins (1955) in an investigation of conditions at 

working sites in the railway engineering workshops, 

found the following max~ temperatures on days at 

the beginning of the cool season. 

Foundry during smelting 

Boilershop during welding 

Smithy near a furnace 
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As the air movement was generall¥less than 

50 ft/min these temperatures represented effective 

temperatures of 90oF., 87°F., and 86°.5F., respectively 

on the Basic scale. From the observations it was 

concluded, that as conditions in the workshops 

exceeded outside temperatures by definite increments, 

the following maximum temperatures at various working 

sites were to be expected on hot days (i.e. when 

outside temperatures are dry bulb 950 F., wet bulb 80oF.,). 

Foundry-near furnaces 

-when metal pouring 113 

-in the shop generally 99 

Smithy -near furnaces 106 

-in the shop generally 100 

Boilershop 
-in boilers during welding 105 

88 

82 

85 

83 

84.5 

Thus effective temperatures in most situations would be 

expected to be above 85.SoP., and certa'al7 above the 

"critical level." 

Ellis (1953) mentioned in his Hunterian lecture, 

the possibility that temperatures in operating theatres 

may conceivably exceed the warmth limit tolerable for 

opttmim efficiency of surgical teams. Watkins (1955) in 

93 

85.5 

90 

87 

89.5 

an operating theatre in West Africa, found the following 

conditions:- 86-87oF., dry bulb; 84-850 F.,wet bulb; Relative 
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humidity 86-9~; with air movement of 10-22 ft/min; 

when outside temperatures were only dry bulb 84-870F., 

wet bulb 80-810
,. These conditions represented 

effective temperatures 85-8eoF., and it is small 

wonder that the surgeon complained that on hot days 

he could pour out sweat from his rubber boots, and 

that after 1-2 hours operating he found concentration 

~d fine manipulations difficult. 

It must be concluded therefore, that high 

effective temperatures above the level defined by 

Mackworth, frequently occur in the tropics in a variety 

of situations. Some evidence has been accrued that 

tropical subjects suffer impairment with heat but 

these observations are few and mainly industrial in 

nature; it was for these reasons that the experimental 

investigations in this thesis were undertaken. 

(4) The Scope and Plan of Experimental Work. 

The following questions were designed to be 

answered by the results of these investigations. 

1) Do tropical Bubjects deteriorate in 

psychomotor efficiency in heat? 

2) At what climate does impmrment, if any, 

result, and to what extent is the decrement? 

3) What comparison can be made with the 
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results of Mackworth and Pepler on the temperate 

climate 8Ub~ect'? 

4) What abilities or skills suffer, if any'? 

5) Can any further information be derived from 

this work concerning the logarithmic relationship of 

performance to atmospheric temperature'? 

It was decided therefore, to perform experiments 

at three levels of intellectual and motor "skills":-

(a) a simple manual dexterity task. 

(b) a psychomotor task. 

(c) an It intellectual" task. 

For comparison with the work of Mackworth and 

Pepler, and also because facilities were easily 

available for performing pursuitmeter and wireless 

reception tests, these were chosen to fulfil the 

requirements of (b) and (c), and for (a) it was decided 

to perform the manual dexterity test used by Weiner and 

Hutchinson (1945). From an earlier section of this 

work it has become obvious that for psychomotor tests 

to have any significance, strict control of conditions 

and circumstances must be exercised. Motivation and 

level of incentive must be defined, and boredom or loss 

of interest on the part of the subjects must be avoided. 

It is considered that lengthy experiments based an 
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Latin square designs as used by Pepler tend to negate 

subject interest, and consequently a different design 

of experiment was used to this end. In none of the 

exper~ents were the subjects informed of their 

performances, as in most industrial situations today 

incentives for the most part are low and information 

concerning individual output is not available except 

in piece work situations. 

The details and results of the three experiments 

outlined above are described in Part II of the thesis. 
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pg~t II 

Section _\. 

Manual ~exterity Test. 

1.lETHO:JS - (8) Experblental subjects 

'd he nth i s t est was car r i e d 0 u t by 'wV e i ne rand 

Hutchinson (1945) in Britain, the subjects used were 

ordinary service men and laboratory workers. In 

Nigeria, however, it waG found that the sleill required, 

which involved fairly high speed fine repetitive 

movements vlith consideraQle motor co-ordination, was 

not developed in those ordinary Nigerian working men 

tested in prelilliinary experiments. In order to save 

time, it was decided to use subjects, whose everyday 

jobs involved sortin~ small articles at considerable 

speed and with accuracy. Storekeepers, who sort 

ammunition and small replacement spares at the Command 

Ordnance Depot of the Royal West African Frontier Force 

were considered suit8ble, and four of them, all African 

N.C.O'S volunteered as subjects for the test. These 
; 

men, 28 - 32 years old, had been soldiers since their 

la te teens. 

(b) The Test. 

The apparatus used in this test was slightly 

modified but essentially the same as that described by 

Weiner and Hutchinson. It conSisted of two rotating 
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perspex discs (diameter 12~ inches) mounted and driven 

by a kyr,10gra9h motor at 5 revs/min. One of the discs 

was mounted on the top of the kymograph drum itself, and 

the other on the pilot drum which rotated at the same 

speed. By this means two subjects could do the test at 

the SaTlle time. The discs were drilled and recessed in 

two sets of perforations, each 84 in number; one set 

was disposed at random in a ring around the centre of 

the disc, and the other set in a ring round the 

periphery of the disc. Into each of the 84 holas of the 

inner ring was placed a i" steel ball (ball bearing); 

the test consisted of transferring these balls, with 

forceps, to the outer series of holes and then, when 

this was completed, transferring them back again to the 

inner ring, as quickly as possible, 'vvhile the discs \'Iere 

rotating. The apparatus as a whole was mounted, so that 

the discs were inclined at 130 to the horizontal, and 

any balls which were dropped or misplaced, fell and 

rolled down the slope onto collecting trays placed under 

the discs. These dropped balls, which were counted by 

the observer, had to be retrieved by the subject, snd 

properly placed in vacant holes of either the outer or 

inner rin::, accordinr: to \"Ihich half of the test was in 

progress. All balls had to be properly placed, before 

the test was cOfilpleted. A photograph of the apparatus 

is shown on the next page. 
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The time taken by the subject to perform this double 

manoeuvre VIas recorded with a stop watch, and the 

total number of balls dropped was noted . This comple te 

manoeuvre , performed three ti les, with a tvo minute 

rest between the first and second attempt , and a 

fifteen second rest between the second and third 

atte ~ t constituted a " run". The sum of the times 

taken for the three successive attempts was taken as 

" the run ti e", and the sum of balls dropped , constituted 

the " total balls dropped per run". " 1~ ean time per ball 

movement" was also calculated from the ratio :- total 
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thie for run (in seconds) divided by total fll0VGl.Jents 

(given by 6 x 84 plus total balls dropped). 

(c) 'l:be j)gily Routine. 

The routine for the experioont was as follows. 

TilO subjl3cts, dressod only in shorts, entered into the 

clLdatic chaldber in wbich the test was carried out, tViO 

at a tir:le, tho second pair 30 lliinutes after tbe first. 

The thle table \.as then as follows: 

~ (minutes) 

o 2 subjects (P.C.) enter clilaatic chaLlbar; rectal 

teluperatures (R.T.) and body VJeir~hts (wt.) are 

record0d and the subjects rest. 

30 P anti C perform run 1. Subjects E and I enter, 

and after body wei":ht and roctgl teuperature 

ob~crvations, rest. 

60 E and I perfor!:l run 1. P and 0 R.T. and 'Nt. observed, 

rest. 

90 P Dnd 0 perforr.: run <') 
"-. E and I " II " " " 

120 
. .., 

:3nd I " II <') P and 0 " II II " II ...:.. G-_ 

150 P 9 n ... C II II 3. E and I " " " " " 
180 

.,-, 
~ anu I 11 " 3. P and 0 after observation of 

R. 'l'. and ';'It. leave r 001.1. 

210 
-, 
b gnu I after observation of R.7. and wt. leave room. 

Each man thus perforl.led a r un once in the second half ho ur 

of each hour of hiG three hours clima tic exposure. 
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Fro;.; the changes in body weight and the observed fluid 

intake and output, hourly sweat l'ates could be 

calc ula ted. Rectal temperatures Vlere meesl1red with 

cl inical thermome terla. 

(d) Experimental Plan 

After a preliminary training period in which 

the subjects carried out the test in the climatic 

chamber at "normal" Lagos ambient terllperatures 

(82-89Op Dry bulb, 76-84Op Wet bulb) they then perfOrl:1ed 

the ro u tine in test climates arranged as follows . . 
Climatic Days 1 & 2 Effec t ive temperature 76°F (Basic 

scale) 

" " 3 " " 86°F " 
" " 4 " " 96°F " 
" " 5 " " 81°F " 
" " 6 " " 91°F " 

" " 7 " " 76D:F " 
By having days 1 and 2 the same temperature, it was 

possible to confirm that a flat part of the learning 

curve had been reae hed, and by repea t ing t his tempera t ure 

on day 7, any further improvement due to learning could 

be detected. The order of the temperatures for days 3 

to 6 inclusive, was determined by strict randomisation. 

In both the training and climatic runs, the air 

lllovement Vias 100 feet per minute. Finally a r.lore severe 

test of the same nature was performed by doubling the 

number of runs attempted per session; thus in the second 
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half hour of each hour of exposure, each subject 

perforued two 1!'1lnS, and so, in a complete session, 

handled 3024 balls (plus any droppod), instead of 

1512 (plus the nuwber dropped) as in the n~in series. 

This severe test of manual dexterity was performed in 

two climates, first at 81~ ei'fective temperature, 

then at 91~ ei'fective temperature, on days 8 and 9 

of the climatic tests, and performance Vias measured 

by the "double run" time. 

RESULTS. 

The detailed daily scores and observations 

are shown in the Appendix section A. For convenience 

the results are discllssed under three headings :-

(1) Performance during learning (2) Performance during 

the climatic tests, and (3) Performance of the severe 

test. 

(1) Performance during learning. 

"Learning" of t he test was rapid and successive 

performances of a "run" took less time to cOfdplete. 

The "run times" for the learning period are shown in 

Table I in order of performance, and it can be seen 

from Figure 1 that if mean time per run is plotted 

against run number in consecutive order, a typical 
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learning CQrve is obtained . The ind i v id ual 

learning curves are shown in the Append ix. 
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'.cABLE I 

Individual Performances of Subjects During Learning Period. 

Run. Rurv"~' ilil6 (seconds) Number of Balls 
Practice No. D ropped/R un 

Day in Subjects S ubjec ts order 
P. o. E. I. P. o. E. 1-

1 2222 1340 1088 1491 162 104 92 71 
1 2 1224 1110 958 1310 42 52 60 77 

3 1376 1118 S78 1218 63 56 31 67 

4 1357 1004 1139 1118 80 51 42 56 
2 5 1131 1015 1001 1116 61 48 37 59 

6 1099 914 1008 1026 72 43 54 61 

7 1009 918 1029 1026 77 56 78 45 
3 8 1008 934 962 933 78 69 62 38 

9 981 914 9L~4 976 62 56 68 48 

10 1048 850 859 943 84 45 30 24 
4 11 967 882 882 934 76 53 48 20 

12 905 854 916 935 66 43 43 28 

13 939 834 901 1013 76 39 27 24 
5 14 923 837 832 996 71 53 23 18 

15 919 801 81+7 938 111 58 31 24 

16 896 839 845 925 80 62 42 31 
6 17 839 828 868 1021 73 76 56 27 

18 828 898 818 917 78 83 39 30 

During the learning period, the "total balls dropped per 

run" became fewer, although there 'was still some 

variability. Similarly, the individual run times showed 

some variability even at the end of the learning period. 

However, at the end of six training days, the learning 
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c urv e for "mean run t iLle" had fla t tened ou t, and by 

then, the subjects had also become familiar \·Iith the 

climatic ci1allloer, the experimental routine, the fan 

noise, and the observers. The improvement in 

overall performance d ur inglearning as shown by the 

daily n~ans of tiL~ per run, number of balls dropped, 

and time per l.Jovel.Jent can be seen in Figure 3. 

Consequently it was judged that learning was 

virtually cOlnplete at the end of the sixth training day, 

and the climatic test series was begun on the next day. 

I t must be remembered tha t in all tests once the 

initial learning, which is rapid, is acquired further 

slight improvernent in performance may be expected for 

a considerable time. 

(2) Performance during the climatic tests. 

The individual performances during the 

climatic tests are shown in Table II. The first two 

days were "!)erformed at the same ef'fective temperature 

and it can be seen that results were substantially the 

same. When the mean time per run for successive runs on 

these days are considered, (see Figure 2), it is 

conflrliled that the results were similar, and that learning 

was sufficiently complete to proceed with the other 

climatic tests. 
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Individual Performances of Subjects Durinr.; Test Climates. 

Climate Run T iLle/r un Number of 
Effect- NUl.lber ( seconds) Balls dropped 
ive per Rlln. 
Temper-

P. o. E. I. P. O. E. I. ature 

1 816 789 815 881 93 58 30 24 
E. T. 760p 2 834 846 796 853 59 63 32 12 

3 779 796 824 892 82 65 37 20 

E.T.76.5OF 
4 819 784 824 887 77 56 43 18 
5 768 793 788 847 76 71 40 26 
6 768 755 789 835 106 68 57 53 

E.T.86Op 
7 735 770 759 818 63 77 56 48 
8 714 723 773 798 94 60 35 38 
9 687 799 717 782 73 94 37 47 

E.T.96°F 
10 739 755 760 787 84 84 51 25 
11 735 733 758 755 59 80 72 L~4 
12 728 715 715 713 102 85 58 32 

E. T. 81°F 
13 657 696 757 745 42 56 43 29 
14 630 730 730 760 51 76 61 44 
15 634 689 693 762 47 77 56 38 

16 703 664 713 729 83 69 48 33 
E. T. 91 Op 17 662 683 652 782 63 79 53 46 

18 593 659 653 710 52 75 57 38 

19 623 682 699 784 47 78 56 50 
E. T. 770p 20 615 675 632 720 49 79 53 41 

21 590 676 655 715 61 89 55 37 
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1. "3 , 

Runs. 

h.s.Z .11~Qns of4Subjtcts Run Tima forClim~bc. ~sts. 

However, further inspection of Table II clearly 

indicates that individual performances did not 

appear to be arkedly affected by raising the 

effective temperature . The mean run time for 

successive runs during the clil atic tests, shown 

by Fig ure 2, continued to decrease slowly. 

The overall daily perfor ances are shovin 

in Table III and it can be seen that from the 

first to the last sessions at 76~ effective 

temperature the daily mean time per run improved 

slowly and there was no interruption of this 

improve lent at the internediate hot climates. 
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TADLE III 

Overall r:ean Perforr,iances per Session 

Run Thie or 1.Iean Time !Tesn :Galls 
Duration of per I.10Ve- DrO"ODed Der 

Session : :ea n rr iliie/R I] r:V ment r I] n . ~ me a ~ of 

I Daily Sossion ( Seconds) 12 r L1ns) 
in seconds (J:ean of , 
(each mean is 12 runs) 
liiean of 12 
runs) 

Practice 
Day 1 1286.08 2.229 73.00 t -

II II 2 1077.33 1. 926 55·33 to be 
signi-

" " 3 969.50 1.715 61.41 f icant 

II II L~ 914.58 1.661 45.66 " t" 
must be 

" " 5 898.33 1.632 46.25 greater 
t han or 

" " 6 876.83 1.564 56.75 equal 
to 
2.074 

Effective 
Tem12erature 

Climate of 

760p ET. 826.75 1.497 47.91 

" 76.5"F 0.907 
E. r,r. 804.75 1.433 57.58 

86°F 
0.268 

" " 756.25 1.340 60.16 

96Dp 
0.473 

" " 741.08 1.303 64.66 
It 81°F " 706.91 1.272 51.66 1.552 

" 91°F " 683.58 1.216 58.00 0.972 

" 77~ " 672.16 1.196 57.91 0.013 
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Similarly , the mean time per movement showed a 

gradual though slight improvement throughout 

all the exposures (see Figure 3) . There was 

thus, a SlOI continuation of learning, 

uninterrupted by exposure to high temperatures 

as shown by these two meas ures of performanc e. 
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The nur.1ber of balls dropped per run by the subject 

continued to be variable in the climatic tests. 

(Table II). The daily mean of balls dropped per run 

was likewise variable, and differed between successive 

tests at the same effective temperature (Table III), 

and t hr 0 llgho ut the ser ies t here was no ove raIl decr ease 

of this messure. There Vias an apparent decrease in the 

mean balls dropped at an effective temperature of 81~1, 

compared vlith the preceding daily mean at 96Dp, and 

the succeedinc daily lilean at 91 0
p. This decrease was 

of the order of a difference in the mean of either 7 

or 13 balls. Howover, a change of similar order in 

the mean was noted between successive daily performances 

at 76Dp, 76.5°p and 86Dp effective temperature. Such a 

change of about 13 out of approximately 560-570 balls 

handled, constituted only 2;"~' but in order to prove that 

t his is no t a s i g n i f i can t c ha ng e, t he "t" v a 1 u e s for 

differences between the means are shown in Table III. 

The maximum difference between the means i.e. frOli1 

perforwsnce at 96Cp effective temperature and 81 0 p 

effective temperature, is not statistically significant, 

"t" = 1.552 (in order to reach significance at the 5,'~ 

level, "t" must equal 2.07L~). The differences between 

the mean balls dropped at other climates are lil~e':Jise 

not statistically significant. 
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Despite these day-to-day variations in 

Dumber of balls dropped, the daily improvement in 

mean tilde per movement was always suffic ient to 

give a steady slight decrease in daily mean run 

time (see Figure 3). 

The daily atmospheric temperature means, 

subjects' mean sweat rates and rectal temperatures 

are shown in Table rl. At 76~ effective temperature, 

rectal ter,lporatures were steady or fell slightly, and 

8we3t rates were less than 1 rnl/min, but at the 

highest tel,lperatures, rectal temperatures v,ere 
o increased by up to 3 F, and sweat rates were more 

However, at no time was there any 

deterioration in efficiency in succossive runs as 

body temperature rose, in the course of an exposure. 

I D fac t wean run time for the sec ond and third ho ur 

of exposure, \'Ias generally better than during the 

first hour, even when the rectal tel,lperatures were 

rising (see Figure 2). Performance was thus not 

only independent of body temperature rise, but also 

did not deteriorate with time within a session. 

Absence of "fatigue lt was, therefore, a consistent 

feature in all the tests, assuming that Itfatigue" 

wo uld be represented by a fall ing off of manual 

dexterity to\'4ards the end of a session. 



TABLE IV 

Bodily Changes and Climates (in order of performance) 

Effective 
Temperature Op 76°F 76.5~ 86~ 96'\' 81~ 91 "F 77Dp 

l.:ean Ree tal 
Tempera~ure on 99.40 99.12 99.33 99.25 ,lei 15 99.35 99.22 ....I ... ' • 

entr:l( pJ 
End l.:ean 99.12 98,97 99.68 100.32 98.97 99.62 99.05 RT. (Op) of 
1st l.iean swea t 

43.70 47.50 176.20 588.25 265.00 hour ra te (grams) 110.00 50.00 

End 1.1ean 99.02 98.97 
of RT. (oF) 99.53 101.27 99.02 100.12 99.07 

2nd liiean swea t 
hour rate (grams; 45.00 60.00 172.50 728.75 123.70 297.50 55.00 

End Mean 98.92 98.90 99.65 102.07 99.00 100.20 99.12 
of RT. (Op) 
3rd lo'Iean sweat 

55.00 54.50 185.00 623.50 hour rate (grams) 120.00 272.50 53.70 

Dry Bulb 
( OF) 83.06 84.13 95.01 105.07 90.03 100.06 85.08 

Cli- Wet Bu~b mate 75.89 76.17 85.06 95.03 80.03 90.02 76.46 
?!mrn 

( F) 

Air 

I movement 1 00 100 100 100 100 100 100 
(F t/min) 

---- --.; -- -.- .. ~.-- - -

RT. = Rectal temperature (op) 

81 0 11' 

99.02 

99.15 

86.25 

99.40 

116.25 

99.42 

105.00 

90.02 

80.07 

100 

91"F I 
I 

99.05 

99.35 

258.75 

99.92 

318. 75 

100.12 I 

291.25 

100.02 

90.01 

100 

I 
-.1 
IJ1 
I 
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(3) Pe rforld8 nc e of the severe tes t. 

~he results of this test are shown in Table V. 

Even thougll a very large number of ball bearings 

had to be handled as quickly as possible by the 

subject, raisins the effective temperature frOI;! 

81°1" to 91 0 p did not impair perforldance. In fact 

all three inti ices of perforfdance were improved 

during the test at 91 0 b' effective temperature, 

compared \vith the test perfOrlJanCeS at 81 0p 

effec t i ve tel!rpe ra t ure. Thus mean do uble run time, 

and [.lean time per movement were less at 91 0 F 

effec t i ve teI;1pe 1'a t ure, and fewer balls were 

dropped. Handling a larger number of ball bearings 

did no t ca llse a fall ing off of pe rforli18 nc e VI i th 

time within a session, and double run tilile was 

less during the third hour than it was during the 

first hour at both these effec tive tcri1perat ures. 

Table V is shown on the next page. 



TABLE V. 
I nd iv id ual and Mean Performances for Sever e Test. 

Indiv id ual T irile/Double Run , Balls dropped/ liean Performances. 
Perforldsnces (Seconds) Double Run. 
Climate Run 1.:ea n l!.ean I.'ea n 
Eff'ect- No. t 1 I lie t irne Balls 
ive per per dropped/ 
Temper-

P. o. E. 1. P. o. E. I. run li.ove- run 
sture ( sec s) lIle nt 

1 1276 1238 1329 1466 90 127 111 78 
I 

81~. 2 1291 1272 1285 14L~2 96 151 78 63 1306.5 
I 

1.180 98.9 
E.T. 

I 3 1205 1224 1265 1385 105 151 81 56 

1 1 1288 1178 1311 1 L~8 63 116 66 61 

91 of. 2 1164 113L~ 1282 1354 69 111 61 41 1256. 1 1.159 75.6 
E tT' ..... 

3 1158 1151 1246 1380 75 118 67 59 
~- ._.- I 

I 
--.:] 
-..J 
I 
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DISCUSSIQ1i:.. 

It is clear from the results that ffiBnual 

dexterity was not impaired by heat j.n those 

experililents. 'i'his finding contrasts so markedly 

with the results of Weiner and Hutchinson, that it 

is necessary to examine both experiments critically. 

A difficulty 'i~hich occurs in both series is that the 

performance of this test by an individual is subject 

to considerable variability, even on consecutive 

attempts. It can be seen from Table II and Table III, 

that the thle taken per run varied by as much as 

60-100 seconds from run to run for some subjects, even 

on the same day. Similarly, in the work done by Weiner 

and Hutchinson, variation of the same order occurred, 

as shown by the results of the prolonged exposure, given 

by Ladell (personal con~unication 1956), who was in fact 

the subject in the exposure. The details of this test 

are shown in the Appendix, and Variations in time per 

run were up to 105 seconds. It is necessary, therefore, 

that to provide a reliable index of perforr.18nce, the 

"mean time" used should be the mean of as large a number 

of runs as possible. In the present series, the mean was 

the mean of twelve run times in each seSSion, and this was 

the maximum pOSSible in the circl1mstances. In the work 
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done by Weiner and Hutchinson, the results were based 

on the perforr,13nce of tile test once, by four subjects 

in the preliminary test, and by six sLlbjects in the 

main series. In other rlords, the index \'las the r;lean 

of four run times, or the mean of six run times. The 

increase in run time which were significant were ~; or 

14~, ~7et variations of the sar:le order in the 

perfor~~nce of the test could arise without any 

extraneous cause. This criticism is particularly 

a.pposite in the preliminary series of Weiner and 

Hutchinson, for in addition, the authors do not specify 

the exact relation of the controls to the experimental 

test. They state that the controls were udone ••••• 

within a few days of the hot room test", without 

further inforr.~tion as to whether this was before or 

aftar, and, as the learning curve for these subjects 

is' not shown, it is no t poss ible to be assured the t 

proper comparison could be made. The fact that the 

subject in the preliminary series were unacclimatised 

to heat, further weakens the results based on this test. 

Similar criticism can be applied to the experiment 

involving prolonged stay in the heat, for only one 

subject was used, the test was perforr,led only twice 

aac h day, and this s ubjec t was also unsccl hla t ised. 

The psychological effect of the prospect of such a 

prolonged stay in heat, when the subject was unused to 
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the conditions r.lay also have affected the motivation 

of the test. 

HO"-Jever, the rl16in strength of Weiner and 

Hutchinson's results lies, not in the preliminary or 

the long stay experiments, but in the main experiment, 

in which six acclimatised subjects performed the test. 

Unfortunately, consideration of the results is 

complicated by the experimental design; these 

subjects performed the test:-

(a) in the cool without prior step climbing 

(b) in the heat after step climbing 

(c) in the cool after step climbing. 

Because the learning curves of these subjects were at 

different stages in (b) and (c), Weiner and Hutchinson 

could not compare these two cond it ions d irec tly. 

Instead, they demonstrated that performance in the cool, 

after step clirllbing, was not statistically different 

tror.1 perfOrll18nCe in the cool without prior worK. In 

view of this it vIas held to be justifiable to compare 

pertorLl18nCe in the heat after step climbing, with 

perforn18nce in the cool without prior work, and a 

significant difference Was found. However, to assume 

tnat work would make no difference in heat, because it 

did not do so in the cold, would seem unwise. Although 

it appears that rectal temperature rise does not influence 



-81-

perforL.ance, ano, therefore, step climbing- cannot exert 

an influence by this means, this does not exclude the 

possibility that ~ork itself in the heat might act 

detrimentally. Pepler (1956 - personal communication), 

believes t ha t increased muscle tens ion may impa ir 

psychomotor perforLlance in heat, and therefore, it may 

be that prior vlork did influence perfor!nance in Weiner 

and Hu tc hinson's expe rime nt. 

One wore point arising from Weiner and 

Hutchinson's work remains to be considered. In the 

prolonged stay in heat experiment, it was found that the 

single subject showed rapid improvement with successive 

tests in heat. It was suggested by these authors, that 

this may have been a form of motor acclimatlsation to 

heat. Ladell (1956 personal communication), suggests 

that if this process is analogous to accllmatlsation, 

the absence of deterioration followed by improvement 

in tropical subjects' performance might indicate that 

these men had an inherent acclimatisation to heat for 

motor co-ordination of about the same intensity, i.e. 

about three days, as that already found for heavy \iork 

in the heat in the indigenous West African, (Ladell 1950). 

This superficially attr3ctive concept involves, not only 

acceptance of Weiner and Hutchinson's work, but also 

acceptance of a specific phenomenon vitlicb is abstract and 

indefinable, namely "acclir.latisation for motor 
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co-ordinatiod'. In addition it can be pointed out, 

that in Weir-er ond Eutchinson's main experiment, the 

subjec ts w er e p hys iologically accl ima t ised to hea t , 

and hence physicallv, vvere in much the same state as 

the tropical subjects, and quite possibly should have 

also acquired "the acclimatisation for motor 

co-ordination". NeVertheless, it 1s claimed, they 

showed deterio~ation in heat. 

The pOSition concerninc the effects of heat 

on manual dexterity is, therefore, complicated. The 

evidence llPon 'whicl1 is based the belief that 

terllpe ra t e cl hiS t e Llan suffers an impa irment has been 

shown to be unsatisfactory. Little other evidence 

1s available on teElperate climate 111an, concerning 

such a simple autolliatic high speed test; mlleh of the 

other vlork done on simple skills, involves more 

complex situations, such as lathe operation (Viteles 

and Smith 1946), and this work showed that deterioration 

results with heat. Rohles (1956), in an unspecified 

manual dexterity test, claimed heat to be without effect, 

but his results are open to doubt. The necessity for 

more experimental work to be done to clear up this 

point is obvious. It is difficult to say, therefore, 

that tropical man differs from temperate cliii1ate man 

in the effect of heat on manual dexterity, when the 

evidence concerning temperate man is unsound or 
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conflictin5. It is possible to criticise the present 

work by sayinc that these tropical men did not show a 

deterioration for either or both of the following 

reasonE :-

(1) that they were better or more highly trained, 

than vlere the teLlperate climate subjects, and 

corres!)onded to "exceptionally skilled Ilwrkers". 

(;.;) tbat they performed the test in pairs, and 

comoeted witl1 each other, and were thus highly 

motivated. 

In answer to the first criticisIll, it can be 

said that the abilities of the subjects differed. 

Subject I was not as skilled as Subject P, yet both 

shovled similar lack of reaction to climate. In 

addition, on the whole the subjects had had less 

practice at the test than Weiner and Hutchinson's 

s u bj ec ts, and pe rformed the tes t generally filore slowly. 

It should be noted that the subjects showed gradual 

slight learning through the tests and cannot therefore 

on this co un t be cons id ered "except ionally slcilled". 

The opposite criticism mi.=':ht be applied that no 

decrer;lent Vias founu becallse they were still learning 

and o)posite effects might have cancelled out, but the 

slight improvement due to learning would surely have 

been more than counteracted by a significant impairment 

by heat. It is held, therefore, that subjects were 



-84-

sufficiently trained to have shown a heat effoct if 

there was one, but were not so skilled that they could 

have resisted any impa irment as might" exceptionally 

skilled" workers. Secondly, al t hOlJgh they perforllled 

the test in pairs, owing to their differing 

abilities, once the run attempts had started, the two 

subjects rapidly became out of step in time, and 

consequently, neitber could judge his own perforr.lance 

relative to the other, either in time, or in nlJmber of 

balls uropped. 

CONCLUSIONS A:W SUr.:;~ARY. 

(1) \/hen four tropical climate subjects wore 

exposed to a series of clirlla tes, ransing frorll 760 p to 

96<7 effective temlJerature, no deterioration in the 

performance of a manual dexterity test was detected, 

contrary to previous findings on temperate climate 

subjects. 

(2) The fact that this is a real difference to the 

previously reported deterioration in temperate climate 

subjects is refuted, in view of the unsatisfactory 

evidence of the earlier work. 

(3) r.~ore work under carefully controlled cond it ions 

of experiD~ntal design is necessary to establish the 

effect of heat on the manual dexterity of temperate 

climate subjects. 
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(4) The inherent variability of performance of the 

manLlal dexterity test Llsed, is emphasised, and 

possible criticisfilS of tho design of this experiment 

mentioned, in particLllar in relation to the state of 

"learning of the test" acguired by the sLlbjects. 
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Sec t ion B. 

Pursui tme ter Test. 

1.:ErHODS - (a) Experimental Subjects. 

In view of the past experience of Section 

A, it was felt that the subjects should possess some 

degree of the skill under scrutiny, and Nigerian Arruw 

lorry drivers were thought to be the most suitable 

subjects available for a tracking experiment. Four 

African volunteers, aged 20 to 30 years were obtained 

from the driver pool of the Command Ordnance Depot, 

Yaba; all were willing and enthusiastic, and had been 

in the army from 1 to 14 years. 

(b) The Test. 

The apparatus used was the heavy 

pllrsuitmeter wi th a mechanical scoring device of the 

same type used by Mackworth and Pepler. The 

principle of the test is that the subject controls the 

movements of a pointer by means of a weighted lever, 

and atten~t8 to track accurately the movements of the 

machine pointer, (see on next page). 

The machine pointer moves to and fro 

erratically, and 1s operated by an electrically 

driven irregularly-shaped cali!. 'rhe mechanical scorer 

8U!'1S the angular discrepancies between the subject's 

pointar and the Dachine pOinter, (error score), and 

also records the total angular mover;lent of the 
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subject ' s pointer (pointer score) . 

The total angular discrepancy and the total subject 

Dointer movement scored are noted for each test on 
" 

the achine , and to duplicate ackworth' s experi ental 

conditions , the machine was set so that in three 

minutes the maximu error that could be ade if the 

subject ' s pointer was not moved at all was 176. By 

this means , an arbitrary fail score can be used, and 

all atte pts uhich produce an error score of 176 or 

are, can be classed as "failures". 
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It is i portent also in ~his test to observe total 

subject pointer ave ent, for by remaining 

comparatively still, the test can be rendered 

spurious, and an error score less than 176 may 

result ithout a genuine attempt to track the 

machine pointer . Under perfect conditions, without 

any angular discrepancy between machine and subject 

pointer, the subject ' s pointer should score 176 (i.e. 

the sa 1e as the maxi urn error score when the machine 

~aS run and the subject ' s pointer was not moved at 

all), and the error recording dial should score o. 
By thus recording subject activity score the 

spurious attempts at tracking can be detected . 
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( c) T he d a i ly r 0 uti ne 

Durine each daily session, each subject 

had 15 three-minute runs on the pursuitmeter during 

the three hour exposure. The subjects, wearing only 

shorts, entered the cliu~tic room at three minute 

intervals, and on entering were weighed and had their 

rectal temperatures taken. Subsequently, they each 

performed five runs in the first hour of exposure; 

and t hen were weighed and rectal temperat ures meas ured 

after one hour of exposure. The same routine was then 

followed for the second and the third hour of the 

session. As each subject perfornEd the test five times 

per hour at twelve minute intervals, there was thus 

time for the other three subjects each to perform the 

test between two successive tests of the first subject. 

The hourly routine was thus :-

Rec t. Telijp. & Vit. 

Run 1 

" 2 

" 3 

" 4 

" 5 

Rec t. Temp. & wt. 

Time of performance of runs (minutes) 

Subject A. Subject B. Subject c. Subject D. 

0 3 6 9 

3 6 9 12 

15 18 21 24 

27 30 33 36 

39 42 45 48 

51 54 57 60 

60 63 66 69 
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Fluid input and output was recorded, and the hourly 

sweat rates were calculated from the changes in body 

weight. 

(d) Experimental Plan. 

The subjects underwent a training 

period with the pursuitmeter in the climatic chamber 

under exactly the same conditions, except for 

ter.lperature, as in the test experiments. The same 

routine was followed in both training and test 

sessions, and interruptions were avoided during the 

session; the subjects were not informed of their 

scores for any of the tests. 

}'or t he fir s t two days prac t ic e the 

lever of the pursUitmeter was loaded with an 11 lb. 

(5 Kg.) weight mounted 1.5 ft. (L~5.8.cm.) from the 

fulcrum, so that the work done to move the lever 

was 16 ft. Ibs. As the lever is 2ft. long, this 

load was equivalent to an 8 lb. weight mounted at 

the handle end of the lever. For the third day and 

all the subsequent days, once the subjects had grasped 

the principle of tracking, the weight was increased to 

22 Ibs. (10 Kg), so that the load was equivalent to a 

16 lb. weizht at the handle end. This weight was 

adopted tor the test because Pepler (1953 b) has 

shown that for British subjects the raaximum efficiency 

at trllct(ing W3S obtained with a 16 lb. load at the handle. 



-91-

'Ehe first five days practice was performed 

at ambient teuperstl1res for Lagos (dry bulb 82-89~, 

wet bulb 75-83°FJ, and sir rnoveLlent of 100 ft. per 

minute. On the sixth and seventh days, the climatic 

char;lber \V3S run at the same effective temperature of 

77°F, to see if learning of the test was complete. 

If this appeared to be so, the climaticliests were 

to be performed in the following randomised order of 

effective temperature, 86°F, 96Gp, 81°:!?, 91°F, 77~'" 

enclinc "lith the cool climate effective temperature 

77°F, aeatn to observe any overall learning effect 

of the test during the cl ima tic expos ures. 

C 1 hlS t 1c days 1 & 2 Effective ter.1pera t ur e 77°~' ( Basic 

II " 3 " " 86Gp " 

" " 4 II " 96°F " 
" " 5 " " 81 "J? " 

" " 6 " " 91~' It 

" " 7 " " 77°F " 
I t is necessary to point out the t ow ing to par t ial 

fs il ure of t he air cond it ioning pIa nt in the cl ima t ic 

chamber, it "'Vas iralposs i ble to rna in ta in ef'fec t i ve 

teQperatures of 77°F. on the second and seventh days 

of the climatic tests. The effective ten~eratures 

were in foct 77.50F and 78.5~, respectively on these 

days. This level of climatic error, however, does not 

sffect the significance of the result, and did not 

scale). 

" 
1/ 

" 
" 
It 
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necessit3tc reI)etition of tIle experillleYJts on those 

days. 

RESUI/'::S. 

~he detailed daily scores and 'observations 

are shown in the A9pendix section B. The results 

are consi0erad in two ways, firstly in terms of 

sllccessful or failed attempts LlsinG the rnaciline 

score per run of 176 as the arbitrary level for a 

failed attempt. Secondly, the results are considered 

in terns of error score; this me thod allows also the 

necessary assessment of activity score. 

(1) Performance as judged by failed attempts. 

In Table VI are set out the individual and 

total failure rates for each session including the 

trainin~ days. Total failures became fewer on 

consecutive days with the heavier handle load. On 

the second day at effective temperature 77.50F, the 

failure rate was greater than on the first day at 

77.0~ indicating that the subjects had reached the 

flat part of the learning curve, and that it was safe 

to proceed with the other climatic sessions. 

Exposure to climates of 91~ and 96°p 

effective temperature, resulted in a marked rise in 

the total number of failures per seSSion, compared 

with performance at all other climates. 
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rr A ill.,}~ VI. 

IndividL1al and 'Eotal Failure Rates/Session with 

Pursuitmeter 

Tra ininc Subjects' Failed At terapts/ Total 
Days Session. failures 

o llt of E. L. S. N. 60 runs. 

1 4 4 0 0 8 
n 0 0 0 0 0 .:;. 

3 0 3 5 1 9 

h 0 8 0 0 8 

5 0 4 0 1 5 

C lililBt ic 
Test da,1s. 
Effective 
TemDe ra t ur e , 

E.T. 77°F 0 1 2 1 4 

" 77.5"F 0 2 2 2 6 

" 860p 0 2 1 3 6 

" 960p 0 9 10 8 27 

" 810p 0 1 3 0 4 

" 91~ 0 8 10 2 20 

" 78.5~ 0 1 4 0 5 

Subject E was notable in that he did not score any 

failures during all the tests, except on the first 

trainin,c; day, but exaruination of his total error 

score per session (see Table V:m) s bovvs tha t he did 

in fact deteriorate in tracking efficiency at these 
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high temper3t~res. 

In Table VII the fail~res for each hour of 

the climatic session are shown, it can be seen that 

at 91~.and 96'\'.effective temperature, an increased 

number of failures was r,18de from the beginning of the 

exposure before the subjects' body temperatllres rose. 

This deterioration in performance then persisted for 

the rem8 ind e r of t he expos ur e. In the 0 the r sess ions 

there was no appreciable increase in percentage 

incidence of failures with time. 

TABLE VII. 
Percentage Incidence of Failures/hour and Session 

for the Pursuitmeter Tests. 

C li1118 te Day 1st 2nd 3rd 
Overall 

Effec t ive hour hour hour ~~ age 
TSI.ipera t ur e failure 

E. 'E. 77°F 1 0 15 5 6.6 

" 77. ,o}? 2 25 0 5 10 

It 78.5Op 7 20 0 5 8.3 

" 810..l." 5 15 0 5 6.6 

" 860p 3 20 0 10 10 

It 910p 6 40 35 25 33.3 

" 96°p 4 45 40 50 45 
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Generally perfor~ance in the third hour was better 

than in the first, and in some sessions perforIllance 

durinc: the middle hour was better than during either 

the first or the third. 

T he Logar it hmic Rels t ionship of Performance to 

Atmospheric Temperature. 

In Figure 4, the percentage incidence 

of failures in the last hour of each exposure, is 

plotted against climate and for comparison Mackworth' s 

results are shown on the same scale. The two lines are 

very similar in general appearance, and the inflections 

of each curVe are situated at the same place. If a 

logarithmic expression be fitted to the results obtained 

in this experiment the following equation is derived. 

Log Y = 0.28932 + 0.26989 X 

The goodness of the fit of this equation was confirmed 

by the Chi square test, x2 = 0.67 (p = 0.99). 

I.Iackworth's equation of the logarithmic relationship 

obtained in his experiments was 

Log Y = 0.9172 + 0.1794 X 

T he regression coeffic ient of this equat ion and tha t 

obtained in the present series, are not statistically 

different ( t = 0.4778). 
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(2) Perforlance as judged by error score . 

The individual error scores per session and the 

total and I~an error scores per session are shown in 

Table VIII . Tlle significance of the differences 

be t\leen t e daily ean error scores was tested by 

student ' s "t" tes~ and the " t" values are shown. 



TABLE VIII 
Individual, Total and Bean Scores/Session. 

Total Individual Score (15 runs) Total Eean t 
:iJey score/De) score significance 

E( 15) L( 15) S( 15) N( 15) (60 runs (60 runs) 

1 2516 2553 2398 2372 9839 163.9 b'or 

'2 2183 2084 2389 1887 
significance 

8543 142.4 at P = 005 

3 2245 2494 2576 2374 9689 161.5 t must be 

4 2188 2670 2L!84 2210 9552 159.2 equal to or 
greater than 

5 2096 2622 2372 2352 9442 157.4 1.980. -
Clima te cP 
E.T.77 1964 2392 2423 3326 9105 151.7 1.082 n. s. 

" 77·5 1938 2442 2440 2489 9309 155·1 0.437 n. s. 
It 86 1923 2525 2492 2461 9401 156.6 3. 81 +++ pO. 001 

" 96 2158 2664 2695 26}~1 10158 169.3 7.05 +++ po. 001 

" 81 1909 2415 2458 2105 8887 1 Lj,8. 1 4.92 +++pO.OOl 
II 91 2082 2625 2721 2423 9851 164.2 5.02 +++pO.001 

" 78.5 1798 2450 2539 1876 8663 144.4 
--~----- ---- --------- ----------- - ---------- ---

E.T. = Effective temperature. +++ Highly significant. + Just significant. 
n.s. = not significant. 

Overall !.'ean Score for Performances at 77°F, 81 oF, 860p = 151.2 

Significance of Difference between performances at 9PP t = 5.61 +++, p=O.001 

11 " " " " "96°11' t = -a.07 +++, ~)=O. 001 
" " " "1st 6: last " " 77°P t = 2.00 + ,P=0.05 
" " II "perforl.Jsnces at 91 °1" & 96~' t = 1. 578 n. s. 

I 
\..0 
-l 
I 
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Dur:'ng the learning period, the individual and the 

total error scores becari.e smaller, until the second 

CliralS tic to s t day, \'/ hen for t he firs t t irlle the 

scoree beC~11.1e lar.r:er, indicating that learning was 

nearly cOlllplete. The perf'orl.lOnces on the first and 

second clil.lstic test days at effective tenroeratllre 
" 

77°1" and 77.5°p, \'Vere not significantly different 

(t = 1.052). !:evertheless, during the re(,aining 

cliI.lotic tostf:l, there VlSS still a Slight overall 

learning effec t, the difference be tween the ldean 

scores for the first and the last performances at 

effective tdlilper:lture 77~ and 78.50 F vias just 

significant (t = 2.o.p = 0.05). 

The effect of heat on error scores was 

flsrKed and exposure to effective temperatures of 

910p and 960F caused a rise in these measures of 

perfort..anc e and t he to tal error score rever ted to 

figures larger than even those of the first training 

period. Th~se results are Shown in Figure 5 in order 

of' perforl,ance. The individual error scores on these 

ho t days inc reased from the iJeginniIlf" of t he expos ures, 

end this increase was reflected by the increase in 

failure rate (Table VII) nnd the increase in total error 

score (Table X) 1n the first hour of these exposures. 
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In Figure 6 , the total error scores are plotted 

against clil ate, all three perforJances at the 

coolest clilJlates are shown to indicate the 

extent of the overall traininG effect . The 

perfor ance curve under these circU!lstances is 

not logar 1 t illl 10. 

1')0 '0 
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When the mean run scores per session are considered 

statistically, perforr.1ance at 91°:;.<' effective 

te'iiperature, and 960 p effective teclperature \vere 

significantly worse than the overall mean performance 

of all other cliLlates (for 91 0 F,.t = 5.61 and for 

96Dp, t = 8.07). 1.':ean scores at these high 

ten~eratures were also significantly different 

frow the mean scores for the cooler days preceding 

and succeeding these hot sessions (see Table VIII). 

Mean error scores at 91Op. and 96Op. were not 

significantly different from each other (t = 1.578). 

I t can also be seen from Table VIII that 

s Ilbjec t E who waS fa il ur e free on the mac hine sc ore 

rating did in fact have more errors at 91 0 F and 960p 

than at the cooler clililate before and after these 

tempe ra t ures. 

In order to strengthen the statistical 

siznifica~ce of these results an analysis of variance 

was done on the perforroonces of the last five 

climatic days, taking days as synonymous with climate 

and pooling each subject's error for the day as one 

single total. The F ratio for days was significant 

confirming that a significant difference of 

perforn18nce between clima tes existed. 



-.l.V':::-

No. De~r ees of Total Sum Mean Square 
freedom. of Squares 

Days 5 4 395,996 98,999 

Subjects 4 3 1138,380.4 379,460.1 

D iscrepanc y 12 186,063.6 15,505.3 

Total 20 19 1720,440 

F (d3Ys) = 98999 d iv ided by 15,505.3 s 6.3848 (p=o. 01 ) 

The individual climate scores compared with 

each other by the analysis of variance and the lit!! 

vslues are ohown in Table IX. Performances at 96°F 

and 91°F were both significantly worse than those at 

81°F and 78.5OP but were not statistically different 

frolil the performance at 86°F. However, the performance 

at 96~ and that at 91~ were Similar, while those at 

86°F, 81°F, and 78.50F were not significantly different 

to each other. These figures place the level of 

telhperature for decrement in efficiency between 81~ 

and 91~l effective temperature. As the performance at 

86~ was not significantly different to that of any 

other climate it seems that this temperature on the 

effective temperature scale is probably "the critical 

level" based on this me thod of error scor ing. It 

appears from these results that while raising the 

effective temperature from 81°F to 91 0 p did impair 

efficiency, the deterioration detected did not 

follow a logarithmiC relationship to atmospheriC 
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temperature bec3use there was no significant 

difference between performances at 78.50F and 

86().,,,!'. or be tween 86°F and 96°F. Shlilarly, the 

performance at 96°P was not significantly worSe 

than that at 91°F so that heat above 91°F 

effective tellIperature did not produce significantly 

more deter iora t ion. T his too nega tes a logar it lli;li c 

rela t ions hip. 

To be 

TABLE IX 

Significance of Differ ence be tvv een Da ily I!ean 

Performanc es. 

s ignif icantly p = 0.01 t = 3.055 

different p = 0.05 t = 2.179 

Effec tive Score Difference Effective ten!}2erature 
Te~perature OF ~ From 

F .2§ .§1 .21 .lli2 
86 2350.25 " til value = 2.149 1.459 1.277 2.106 

96 2539.50 " II = 3.609 4.24 

81 2221.75 " It = 2.717 

91 2462.75 It It = 0.883 3.373 

78.5 2165.75 It it = 0.63 

Table X shows the hourly scores; an apparent tendency 

for performance in the second hour to be the best in 

a session as indicated by the failure rate, could 

not be confirmed by cons idero t ion of t he total error 

score per hour per session. Analysis of variance 
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of the hourly scores showed that there was no 

significant difference between hours. 

Table X 

Table Scores/hour/Session. 

Day 1 st hour 2nd hour 3rd hour 

1 3366 3298 3175 

2 2789 2805 2949 

3 3274 3217 3198 

4 3120 3180 3252 

5 3178 3145 3119 

E. T:'f. 77 3005 3062 3038 

II 77.5 3284 2984 3041 

II 86 3253 3071 3077 

II 96 3411 3332 3415 

II 81 3045 2914 2928 

II 91 3383 3298 3170 

tt 78.5 2963 2884 2816 

ANALySIS OF VARIANCE. 

E.g- Deirees of Variance Mean -reeaom 

Days 12 11 645,249.465 58,659.04 

Hours 3 2 43,155·175 21,577.58 

Total 36 35 1 ,071 ,708.105 

Discrepancy 22 383,303.465 17,422.885 

Hours F. equals 21,577.58 divided by 17,422.885 = 
1.238 not significant. 
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EX3J.:ination of the individual subject 

pointer scores for each run (see Append ix) showed 

that there had been no spurious attempts at 

trackinp: in the climatic tests. During the 

training period, some of the subjects erred on 

the side of too little pointer movement, but, 

once this was explained to them, they corrected 

this defect, and the extreme range during the 

clil~atic test was 120 - 230, which is roughly 

~ 33% error in activity. 

In Table XI, the hourly sweat rates and 

changes in body temperature are shown for each 

clin~tic session and also the mean dry and wet 

bulb temperatures, and corresponding effective 

telilPera t ures. 

At 770p effective temperature, rectal 

temperatures fell slightly and sweat rates were 

about 1 rul./lilin. but at higher temperatures, 

once again rectal teL~eratllre increases up to 

30 P were found with sweat rates of 10 ml./min. 

indicat1ng that the sl1bjects were under climatic 

stress. 



TABLE XI 

Bodily Chaz:ges and Cl1.mates (In order or Performance) 

Effective 
T eI,lpe rat ur e <>:F 77.0~ 77.5"F 86'1? 96~ 81"F 91"F 

l.~ean Rec tal 
Ter,ipesature on 99·15 99.00 99.20 98.72 98.85 98.77 
entr.Y F 
End Meano 99.12 98.85 99.30 99.55 98.97 99.00 of R.T. F 
1 at l\!esn 

78.75 81.25 172.50 588.75 125.00 287.50 hour S.R.(gr.) 
End Mean 
of R.T. ~ 99.00 98.72 99.22 100.90 98.77 99.25 
2nd Mean hOllr S. R. (gr.) 75·00 73.75 168.75 695.00 130.00 260.00 

End Mean 
of R.T. ~ 98.72 98.65 99.16 101.60 98.82 99.40 
3rd r.~ean 
hour S. R. (gr.) 73.75 71.25 170.00 512. 50 110.00 226.25 

Dry Bulb 
85· 11 85.29 95.07 105.02 90.13 100.06 On 

I Cli-
l' 

Wet ~~lb 76.40 77.31 85.01 94.96 80.15 90.04 I W8 te ... ' 
rams 

Air 
l!ov e lile n t 100 100 100 100 100 100 

~ 

j:'jiIJlin. 

R.'r. = Rectal tEJL1perature~i'. S.R. = sweat rate in grams 

I 78.5"F 

99.02 

99.00 

73.75 

98.97 

76.25 

98.97 

83.75 

86.10 

78.03 

100 

I 

I 

, 

I 

I 

I 

I 
I-' 
o 
0\ 
I 
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:)1 SCUSSIOr. 

The similarity of these results and those 

obt~ined by J.~ackVlorth (1950), on tem~,erate climate 

subjects is striking. This can be attributed in 

most part to the fact that the experimental design 

scori~ and conditions of this series was deliberately 

made similar to that of Mackworth's to obtain as close 

a comparison as possible with this worker's results. 

However, as has been pointed out by Pepler (1953 a & b), 

the r.18thod of scoring, experimental design and 

individual ability may be responsible for the 

specific inflection of the curve defined by Mackworth 

and for the logaritrunic relationship of performance 

to room temperature. In this series duplication of 

the condition plus Similar behaviour reactions on the 

part of the subject, have indeed reproduced a similar 

curve and relationship, so that under given standard 

circumstances a reproduction of Mackworth's findings 

was obta ined. 

However, the pass-or-fail method of scoring 

against an arbitrary score is obviously coarse, and 

may tend to exaggerate the effects of any deterioration 

due to clima tee For exarllple, it seeIilS unfa ir to class 

an error score of 176 a failure and an error score of 

175 a successful attempt, for the two performances 

are obviollSly alike. On Mackworth' s method of scoring, 
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the difference between these two error scores would 

represent a deterioration which is not real. It 

is also difficult, to understand what rationale 

deterwines the level that an error score must not 

exceed, in order to be a successful attempt. In 

~oth ~ackworth's and this series the score produced 

on the error dial when the pursuitmeter was run 

without control, was regarded as the arbitrary 

Ie vel. In ord er to obta in a successful a t tempt the 

subject waS required, therefore to produce a score, 

a little Lletter than that produced by the machine 

when uncontrolled. That this is not a logical basis 

upon whic h to assess perfOr[llSnCe, is clear, and any 

other figure could be selected,with as little 

justification, which might completely alter the 

results. Thus it is necessary in the last analysis 

to consider the results in terms of total error 

score, and here Pepler's findings (1953 a & b) are 

confirmed as be ing applicable also to the tropically 

ind igenous subjec t. In terr/Is of total and mean 

error score it was found that increase in room 

temperature from 77~ to 96~ effective temperature 

prod uced a deterioration in tracking performance. 

Perforu3nces at 77D-p, 81Dp and 860p were similar and 

perfor_nces at 91 0F and 96Dp were likewise similar 
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to each other, but placed at a lower level of 

efficiency than the cooler climates. T~1e 

perforli1ance Cllrve on this method of scoring Vias 

not logarithmic in nature, and the absence of a 

logaritruilic ueterioration in performance based on 

error score has been confirllled statisticall.y. In 

Pepler's work (1953 a & b), evidence was found to 

suc;gest ttlat the logarithlilic relationship defined 

in :.:aCk\1orth's test was imposed by the fnethod of 

scoring and the relative abilities of the subjects. 

In the present experiment, consideration of the 

results in two ways shows that the logarithmic 

relationship is indeed dependent on the scoring 

me thode 

Confirmation of Mackv~orth's (1950) and 

Pepler's (1953 a & b) previous findings concerning 

the independence of performance from body temperature 

was obtained in this series. In addition, there was 

no perforn~nce deterioration with time within sessions, 

even on the hot days. During the first hour of 

performance at 910p and 96°F effective temperature, 

both the failure rate and the error score was increased 

comnared with the cooler days and this increase .. 
persisted throughout the rams inder of t he hot sessions. 

1 t appears that decrell1ent in effie iency results frow 

the beginning of exposure to heat and Pepler (1956) 
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also repor ted t ha t wan bec orne s les s eff ic ien~ at 

carryinp, out a skilled task within the first few 

hllnutes in the heat. 

CONCLUSIONS Am) SUl.:I.:ARY. 

(1) As compared with other climates exposure to 

high effec t ive tempera tures of 91 Dp and 96Op, prod uced 

a deterioration in the tracking performance of four 

tropical climate subjects on the pursuitmeter. 

(~) When the derived method of pass-or-fail 

scoring Vias used, performance bore a logarithmic 

relationship to atmospheric temperature and the 

inflection of the performance curve yvas placed at 

860p effective temperature. 

(3) Error score at 860F effective temperature was 

not significantly different to that at 76°F effective 

tempera t ure. 

(4) Error score at 96DF effective ten~erature, 

was no t s ignif1cantly different to t ha tat 91 of 

effective temperature. 

(5) When the absolute error scores are conSidered 

instead of the derived scores, performance did not bear 

a logar it hlllie rela t ionship to a tmospher ic temperature. 

(6) The lack of dependence of performance on body 

tempera t urs was eonf irrned. 

(7) An immediate onset of decrement in tracking 

efficiency was found on exposure to heat. 
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Section C. 

:,:orse Code Reception Test. 

M~HODS. - (a) Exper ime ntal Sub jec ts. 

The subjects in this series were 

African volunteers from the rtigerian Signals 

Squadron of the West African Frontier Force. 

Twelve men were selected, aged 26 to 40 years, who 

were all operational wireless receptionists, and 

who were in daily practice at a standard rate of 

e ir,ht "vords per minute, and had bee n so far s OHle 

months, honce a prolonged preliminary learning 

period ~as not considered necessary or advisable, 

in view of the possible loss of interest with tirae 

w hic!l resul ts frolll repe tit ion of tra ining sess ions. 

(b) T he Test. 

In order to obtain as close a 

comparison as possible with the results obtained by 

l:ackworth (1950), the experimental design in this 

series was wade similar to that of his series. 

Certain changes were necessary, namely in length 

and speed of wireless messages, because of the 

different standard of the ability of the subjects. 

Nine wireless messages were recorded on tape, each 

f,lessage was of approximately 180 groups of 5 symbols, 

so that about 900 symbols of mixed letters and figures 
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were transmitted for each message at a speed of 

transmission of 12 words per minute (60 SYlilbols 

per rl1inllte). Although the len,sth of the individual 

r,lessage:';; and the fac t tha t they were in cipher 

precluded the subjects' learnin:; the symbols, the 

uessages were relayed in the follo1.'Ving mixed order 

so tilat the effect of time within a session could 

be considered on the efficiency of reception. This 

proced ure was adopted in case some messages were 

easier to receive than others, as slight variations 

in length and speed existed from messaGe to message. 

~hree tapes were required upon which to record the 

nine messages, and the order of transmission was 

ranaof,lised from sess ion to session so tha t the 

following order resulted :-

J.!ESSAGE ORDER 

SesSion 1 7,8,9 1,2,3 4,5,6 

" 2 4,5,6 1,2,3 7,8,9 

" 3 7,8,9 4,5,6 1,2,3 

" 4 1,2,3 7,8,9 4,5,6 

" 5 1 ,2,3 4,5,6 7,8,9 

Syc,lbols omitted or incorrect were scored as errors, and 

the subjects Viere not informed of their scores for any 

of the tests. l.~essages containin;:; five or caore errors 

were rega rdsd "fa iled me ssages tt s imila r to Uac kwor th' s 

me thod of scor ing. 
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(c) The Daily Routine. 

During each test session which lasted 

three hours, the subjects received, via headphones 

froIil a tape recor-der, three messages in each hour 

of exposure. The subjects' rectal temperatures and 

body ,weights were Lleasured on entering into t:1e 

clb.}atic chaluiJer, and subsequently after every hour. 

In each hour men were given messageG at 10, 27 and 

45 lilinutes; as each message lasted 15 minutes there 

v~as a 2 Jdinute interval between the first and second 

f.l8Ssage, and a 3 minute interval between the second 

and the third, and tl1en a 10 minute rest before the 

next series of transmissions started. Fluid intake 

and output were recorded and hourly sweat rates 

calculated 9 frolll the changes in body weight. 

HOURLY ROurI:NE 

o Subjects enter, rectal ter.lperatllre and 

body weieht observations 

10 First message counences. 

25 Two minutes rest. 

27 Second message corame nee s. 

42 T h r e e m 1 nut ere st. 

L~5 '1' hi rd me ssage comma nc es. 

60 Rectal temperature and body Vleizht 

observations. 
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( - \ u, Exper il:Jen tal PIa n. 

'.l'ho tVjelve subjects were divided at randolil 

into three sro ups of fo llr eac h, and eac h gro up at te nd ed 

once weekly for a tes t session.. The ir norJdal d ut ies 

forbade the subjects attending at shorter intervals 

than this, but nevertheless as on the intervening days 

they were eD~loyed receiving Morse Code their 

abilities 'IIere being maintained. The subjects 

attended two test practices at Lagos ambient 

tel,iperatures (82-89 0F dry bulb, 76-84Dp wet bulb) in 

the climatic chamber, to familiarise themselves with 

the routine and the surroundings, and then one practice 

session at effective temperature 92Dp before exposure 

to the higher ter.J1)e ra t ur e test began. 

The ternperatures used for the cliGJatic 

tes ts It/ere the same as those used in Sect ions A and B, 

and the subjects were exposed to the following 

randomised order of climate 0-
0 

'ileek 1 Effective tempera t ure 81 Dp (Basic scale) 

" 2 It It 96°p It " 

" 3 " " 76°F It II 

It 4 " It 86°F " II 

" 5 " " 910p " " 
RESULTS. 

The detailed daily observations are shown 

1n the Appendix Section C. The results are considered 
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in two '.'Iays, f ir St1~7 by terming a message "fa iled" 

if it contains five or Hlore incorrect symbols, and 

secondly by counting the actual total number of 

incorrec t sYlllbols per sess ion. 

(1) Perforr.lsnce as judged by fa iled mess3ges. 

The individual performance~ per climate 

are shown in Table XII. The total number of failed 

l~lessages per climate are shown as total percentage 

error, and it can be seen that the best performance 

occ.urred at 76°F effective temperature, and the 

worst at 96'1? effective temperature. Intermediate 

cl iI.la tes prod uced immed ia te scores in terfils of 

percentage error but at 81Dp effective ten~erature, 

a higher error resulted than at 860p or 910P 

e:t'fec t i v e ter;~e ra t ures. This waa no do ubt due to 

the fact that the session at 810p effective 

temperature was the first actual climatic test and, 

despite the precautions which had been taken, the 

subjects were nervous. 

In addition the overall percentage error 

change from climate to climate in Table XII is small, 

the reason for this 1s manifest when the actual 

ina i v id u91 symbol error scores are considered 

(Table XIII). From this table it becomes obvious 

that some oporators were constantly making so many 

errors that they tailed nearly every message or a 
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nearly constant nUllIber of messages, despite 

c1 ir;iS te (see Table XII). T his r ed u c est he 

1')e rc entage .. change resulting from the changes 

due to the operators who perforn~d differently. 

TABLE XII. 

Pau1t.l Messages Eer Sesstonz Individual and Total. 

Effective 
(~) 76°F 810p 86~' 910p 960p Tempera ture 

Subject 

N". 0 0 0 1 0 

1,1b. 7 9 7 7 8 

Ob. 9 9 q 9 9 
Iw. 0 1 0 0 0 

Ep. 1 1 3 2 6 
Er. 3 4 2 2 6 
Ok. 6 5 6 5 7 
06i. 4 8 6 6 9 

Osg. 0 0 0 1 1 

OKek. 0 1 0 2 3 
Eg. 1 1 1 0 2 

Cai. 3 7 4 7 3 

Total/session 34 46 38 42 54 
out of 108. 

Percentage error 31 43 35 39 50 
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C.:) Perforlilance as j uuged b~ the ac t ual s~mbol 

error score. 

In TalJle XIII are shown the n111~lbers of 

incorrect symbols made in each session. 

TABLE XIII. 

Ind iv 1d ual and 1,:ean error Scores per Session. 

Week Order 3 1 4 5 2 

Effective 
( Dp) 76°F 81°F 860p q1 '\i' 96°F Tellwers t l1r e ..:::..--

Subject 

Nw. 4 5 6 12 9 
Mb. 163 159 99 82 143 

Ob. 251 373 268 284 297 
Iw. 6 15 6 7 18 
Ep. 19 19 28 29 78 
Er. 27 38 23 22 68 
(' k. 106 48 85 67 77 
Os1. 53 83 67 74 83 
Osg. 13 13 16 23 18 
Oket\:. 13 25 14 20 33 
Eg. 8 14 11 9 33 
Ca1. 42 61 54 116 39 

Meary'session 59 71 57 62 75 

Scrutiny of Table XIII Shows that two 

patterns of response emerge, four operators 

(Mb. Ob. Ok. Osi.) scored many more errors consistently 

at all temperatures than the other operators and two 
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of t helil (Mb. Ob.) were clearly learning at some 

stages of the tests. Of the rewa inder, seven made 

less errors in the cool clirllates than in the hot 

clir.lates. These operators, even at th.e h.igh 

temperatures 1l.l6de fewer errors th.an did the 

previous group. Finally the reldaining operator 

(Cai.) perforIlled very variably, and as it happened 

that this man was extremely difficult to handle as 

a subject, differences in his motivation or "interest ll 

may have accounted for his variability. As a result, 

the overall mean total error per climate is loaded 

heavily in favour of the men who made a lot of 

mistakes and, consequently, the wean performance 

pattern is confused by learning and other effects. 

Never t heless the wors t mean performance resul ted at 

960p effective temperature and the best at 760 F and 

86~' effec tive tempera tures. Performance at 91 "F 
effective temperature was similar .to that at 76O-p 

and at 86~ effective temperatures, but performance 

at 81 0F effective temperature was worse than at any 

other clilnate except 96°F effective temperature. 

The high mean total errOr at 81~ effective temnerature . 
was in part loaded by the very bad performance of Ob. 

On this the first actual climatic test day, this 

operator and several others were, despite precautions, 

nervous and apprehensive. These difficulties necessitate 



-119-

consideration of operators' results in classes 

defined by ability. 

Results in terms of ability. 

MElckworth (1950) has ewphasised the 

importance of the ability of the subject as a 

factor in the reaction shown to climate. He 

classed his operators into "exceptionally 

skilled", "very good", and "competent" categories 

on an arbitrary scale based on the order of 

competence at the coolest climate. If a similar 

classification be applied to the operators in this 

experilJent based on the error score at 76~ 

effective temperature, the following classes emerge:

less than 10 error s - 3 men - Nw. Iw. Eg. -

"Exceptionally skilled". 

" " 30 " - 4 men - Ep. Er. Osg. Okek. -
"Vel'Y good. It 

" It 90 " - 2 men Osig. Cai. - "c OrJpe tent. " 

more thBn 90 It - 3 men Ob. Mb. Ok. - "bad It. 

I t should be noted that this error incidence happened 

to lend itself to a roughly similar classification 

to that of Mackworth's based on error score, in that 

in his series the mean errors of the classes for the 

coolest session were ttExceptionally skilledtt 8.7, 

"Very good" 18.6, and "Competent" 92.7. 
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T he mean performances of the different classes are 

set out in Table XIV as Mean Errors/marv'session. 

TABLE XIV. 

Class performances - Mean errors per man per session. 

Effec t ive 
( OF) Temperature 760p 810p 860p 91 Dp 96Dp 

C la;;s 
Except ionally 6.0 11.3 7.6 9.3 20.0 
s~;:illed 

Very good 18.0 23.75 20.25 23.5 49.25 
Competent 47.5 72.0 60.5 95·0 61.0 
Bad 173.3 193.3 154.0 144.3 172.3 

Class £erformance as 5age of Perforn~nce at Z6oF. E. T. 

Exceptionally 
slc1lled 100 188 125 155 333 
Very good 100 132 112 130 273 
C ompe tent 100 151 127 200 127 
Bad 100 111 89 83 100 

When these resul ts are plotted in ord er of performance, 

and expressed as percentage of the class e~ror score 

of the coolest climate (Figure 7), it can be seen that 

the" bad"operators were learning while the "competent" 

group performed variably due to the presence of 

operator Cal. The"exceptionally skilled" and the "very 

good" operators, on the other hand were less efficient 

at 96GF effective temperature than at the cooler cliQates. 
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ETOF6r 96 ~ 76 So ~ 9' 
parf0f'manc~1 .2. .3 4- 5 

ItS!?: M~nE .... rorSco'1lJMan/Clas8E.~rlZ~d as a 
rczrozn~~~f P(ltiormaflC<Z at 7f1 oF: E I and 

PIotbzd to ordczr f. Pa10rmal'C4Z. ~~~~:!::I 
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If the seven operators who did deteriorate at 

960p effective telilperature are considered together 

as a class and their results assessed by the 

pass-or-fail method, it can be seen (Table XV) 

that the hot climates resulted in an increased 

percentase of failed messages as well as an 

increase in mean error score. 

TABLE XY. 

liean Total error score and Total Fa ilure Score 
of tile seven Operators who deteriorated in heat. 

Effective 
(Op) 76"F 81 "F 86Dp 910p 96°F TeraDera t ure . 

l.Iean error scoreLman 12.8 18.4 14.8 17.4 36.7 

Failed messases 
{out of b3J 5 8 6 8 18 

Percentage 
Inc idence of 7.9 12.7 9.5 12.7 28.5 
failed me6sases 

In Figure 8 these results are shown 

graphically and on the same scale Mackworth's 

results are plotted. Similar logarithmic curves 

may be fitted to both Mackworth's and to the present 

results. The equation derived for the ~resent 

results is shown below :-

Log Y = 0.6957 + 0.1271 X 



-1 23-

The goodness of the fit of this equation to the 

results \ as confirlled by the Chi Square 'est , 
2 

x = 0 . 03 (p = 0. 99 . r:ac(\orth ' s equation of 

the logarithmic elationship VIDS :-

og Y = 1 . 1077 + o. 09 57 ~ 

The regres ion coefficients of these t ~o equations 

are not utatistical~y different (t = 0. 21) . 

from Mac kworth '95'0· 

7 8. 8 9' 9b 
Climate _QF: Eff~ctivaT£.nl~ratuN:. 

n.9.8 . Pawntagelnc',cknc~ of Falllt y M~ssases 
Withai~ and. Logari.t:hmic. Curve.s of 
Perforrnanu Compa~ onth<tSame 
Scal~. 
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UsinG this ldettlOU of scorin3, performances at 91 of 

and S6ol1' effective teillperatures were \vorse than 

perfori . .ance sat t he lower tempera t ureS, and this 

places the critical level for deterioration at the 

same level as that defined by l!:ackvJorth. In Table 

J:VI are shown the nUI,lber of faulty messages per hour 

for all ope ra tors ::md also for the "axc ept ionally 

skilled" and "very good" classes of operators 

combined. The number of failures was greater in the 

second and third hours than in the first hour for all 

operators in all sessions except that at 96~ effective 

teI.lperatLl!'c. At this climate the failure rate had 

alrcauy increased during the first hour before subjects' 

body telilperature rose thus confirminG the previous 

findings that deterioration is independent of increase 

in rectal teuperature. 

TABLE XVI 

Total Faulty Uessages per hour. 

Effective 
(~2 76°F 810p 86~ 91~ 960p T e l.~) era t II r e Total 

Firs t Hour 9 13 8 1 1 19 60 

Second Hour 10 15 13 13 17 68 

rr hird Hour 15 18 17 18 18 86 

Fault~ 1,~essaBes Eer Hour for "E. SIt and "V.G" 
Operators combined 

First Hour 2 1 1 2 8 14 

Second Hour 0 3 2 2 4 11 

Third Hour 3 4 3 4 6 20 
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For the cOll1bined sroup of "skilled" operators the 

nUfdber of failed uessages likewise increased with tir.Je 

at all ter.lperatures except 96 0F ef'fective tel.l!,)erature, 

when an already increased number of failures were 

n~de during the first hour of exposure. On either 

basis, therefore, decrement in heat was manifest 

early in exposure. 

Performance judged by error score. 

Table XV shows that mean error score for the 

combineu grollp of "exceptionally skilled" and "very 

good" operators was greater at 96<1r effective temperature 

tl1.en at other clir.lates. Perforrl1ance at the other 

cli~ates was of a similar order. To determine the 

statistical sie;nificance of the impression gained from 

the mean fi;~ures, analysis of variance was perforllled 

on the dails scores of these seven operators. This 

showed that the F ratio for clin~tes was significant 

and the change in error score due to clililate was 

significant statistically :-

JiQ. Degrees of Total SUfa of Mean 8g uar e. 
freedom. squares. 

C11mates 5 4 2,561.1 640.27 
Subjects 7 6 3,750.3 625.05 
Discrepancy 24 2,298.5 95.80 
Total 35 34 8,609.9 

F (Climates) = 640.27 divided by 95.8 = 6.68 (p = 0.01) 
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The mean scores at the climates were 

compared with each other by the analysis of variance, 

and "t" values obtained are Shown in Taole XVII. 

Significant differences between the means existed 

only betwef3n the mean score at 960p effecttve 

ter,l!)erature, anC all other mean performances. The 

mean scores at 76°F, 81°F, 86°F and 91°F effective 

temperatures were not different to each other. This 

method of scoring, therefore, places the level of 

deterioration at 91°F effective temperature, and the 

uniformity of performance between other climates below 

this level indicates that a logaritrumic relationship 

did not hold between performances and atmospheric 

temperature. 

TABLE XVII 

Sif/nificance of Difference between Error Means. 

To be significant at P ~ 

tt II " "p = 
0.01 

0.05 

t must 

t must 

Effective Error score Table of 
Tempera t ur e CJr Eean 960p 91 0p 

76 OF 12.8 4.56 0.87 

81 Dp 18.4 3.49 0.19 

86 C)? 14.8 4.18 0.49 

91 Op 17.4 3.68 

96 Op 36.7 

= 2.797 
= 2.064 

"t" values 
86~ 81 0F 

0.39 1.07 

0.68 

Consideration of the hourly error scores 

(Table XVIII) for all operators shows that deterioration 
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with til.le occurred in all climates except 9GoF 

effective ter.1pe:rature. At this temperature the 

error score jn the i'irst hour was of the sarile 

order as the subsequent hours, and this rias 

because in the first hour the error rate had 

already increased compared with other days. No 

further siGnificant increase in error resulteu 

at this ten~erature, despite rise in subject's 

body tel.Jpe ra t \,]1' e ls te r in the sess ion. 

In 'raiJ1e XVIII the hourly error scores 

of the cOl"bined group of "exceptionally skilled lt 

and "very good" operators are also shown. The total 

error se ore for t his group was highes t in the third 

hour of all sessions, while at 960p effective 

temperature the scores during the first and second 

hours were already hi,shar than usual compared rlith 

the 9arforr:~nee at cooler climates. 

Analysis of variance of the error scores 

for the combined group shown in Table XVIII, VJas 

II nd e r t a ken to d e t e r rn i ne t he s tat is tic a 1 

si;--;nificance of the apparent deterioration vlith tirae. 
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Total Error Score per Hour. 

Effect iva 
( °pl 76°F 81°F 86°p 91 of 96°1" Ter.merature Total 

b 

First hour 1 ,52 261 216 238 29L~ 1171 

Second ho 111' 258 276 211 257 300 1302 

Third hOLlr 285 316 260 250 302 1LJ.13 

Hourl~1 Error Score of "E.S" and "v. Gil Operators 

First hour 2G 3L~ 28 24 82 1 9L~ 

Second hour 22 l+b 34 38 75 215 

Third hour 42 49 42 60 100 293 

The F value for hours 'iJas significant, indicating that 

deterioration with time was significant e-• 

No. Degrees of Total s Ulil of !,jean square 
freedoill Squares 

C 1 ir;la te s 5 4 5,944.2 1 ,486.05 

Hours 3 2 1 ,088.4 544.2 

Discrepancy 8 383.8 47.97 

Total 15 14 7,J~16.4 

F ( hours) = 544.2 d iv ided by 47.97 = 11.343 (p = 0.01 ) 
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The bod ily ci1an~~;;s and climates for these experirilents 

are show!} Lelow in T:lu1e XIX. 

'l'AJ:;LE XIX. 

Bod i1y Change sand C1 ima te s 

(In order of PerfOrI11ance) 

Effective 0 

Temperature -1" 81 °l~ 96~' 7SDrl' 

l.1ean R. T. on 
Entry (Op) 

99.~1 oq '·'3 ~/ -' . '"' 99.03 

End l~ean ~. T. 
99.42 100.43 99.03 

of ( F) 
1 st l:ean sweat 
hour ra te 119.16 580.83 67.50 

( grsr:ls) 

End J!ean ~.T. 99.30 101 • 4L~ 99.00 
of ( F) 
2nd rean swea t 
hour rate M 38. 25 653.33 77.83 

( eraflls) 
l' ~fT1 End ,.ean • .l.. 

99.30 102.05 98.86 
of ( J.') 
3rd r:esn S';Jes t 
hour rate 131.66 517.08 75·75 

( rtrams) 

rean ~B. 
( J.t) 90.03 105·03 84.87 

Cli- l:esn 1&. B. 
80.06 95.02 75.22 ma te ( :&') 

I.frul:; 
Air 
1iIoverllent 100 100 100 
:B' t/;' . •.. In. 

86Dp 91 0 F 

99.17 99.33 

99.34 99.64 

166.25 276.25 

99.35 99.81 

190.00 293.75 

99.26 99.86 

178.16 281.66 

95.08 100.06 

84.99 90.01 

100 100 

R.T. = Rectal telilperature (Op) D. B. = Dry Bulb "F 
W.B. = Wet Bulb Cp. 



-130-

Table XIX shows that at 76°iJ' effective temperature, 

body temperatures fell slightly and sweat rates were 

in t he region of' I ml/min. while at 960p effec t i ve 

tempera t ure, t efllpe ra ture inc r eases of 3D:F vv er e seen 

with sweat rates in the region of 10 lilJ/min. 

indicating that the subjects were under climatic stress. 

Dr SCUSSION. 

~;ackVlorth (1900) emphasised the necessity for 

the consideration of individual ability in assessing 

reaction to climate. Pepler (1953 c) shovved how wide 

variation in subject ability could so complicate the 

oicture of reaction to clinwte that he could draw no .. 
very firm conclusions from his results. He found, for 

exanlple, that in the afte rnoon sess ions, his opera tors 

performed fllore efficiently at 960 F than they did at 

91~' effective temperature; at 96~ their perforroonces 

were within the same range as those at 86~ and 81 0 F 

effective temperatures, and considerably better than the 

performance at 71~ effective temperature. 

'fhe same difficulties have been root with in 

this series, and it has been shown that the results 

of five operators who performed consistently badly or 

variably could mask the reaction shown by the better 

operators. However, when the performances of the latter 
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are consiliered the effect of heat was to ililpair 

efficiency, and when the results are scored by the 

pass-or-fail ldElthoa, rer;larkabl~ similarity to 

Mackworth's earlier results was found. This is to 

some extent due to the similar experimental design, 

and these sir.lilarities result in the inflection of 

the perforl.lance curve being placed at SO,oF effective 

ten~erature and also in the logarithmic relationship 

of perforwance to atmospheric temperature. 

When the analysis' of variance of the 

results of the seven "better" subjects, considered in 

terms of actual error score, 1s used to assess 

perforr:lOnce, all scores except at 96"F effect ive 

temperature were in the same range thus placing the 

inflection of the performance curve at 91 0F effective 

temperature. Below this latter temperature the 

perforl;!8nce curve was more or less hor izontal for a 

range of clilnate of 150 effective temperature. This 

shows that the site of the performance curve inflection 

and the logar it billie rela t ionship clearly depe nd on the 

scoring method. These results, however, agree with 

Mackworth's ft'ndings when he used actual syrl1bol error 

score. The performances of his "exceptionally skilled" 

and "very good" groups did not deteriorate then until 
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the te~~erature was above 92 0 F effective 

temperature (Normal scale). Similarly in his 

"competent" group, performances at 8-fF and 92°F were 

about the same. Figure 9 shows Mackworth's results 

as mean errors per man per hour, and on the same 

scale t he res ul ts of the present expe r iraQ nt (see 

next page). The remarkabl. deterioration of 

Mackworth's "very good" and "competent" classes 

at the hottest climate is shown. Pepler (1953 c) 

has drawn attention to the fact that ~;Iackworth' s 

results included the scores of SOHle operators who 

perforr,led very variably at the hottest temperature. 

Pepler cites the example of one operator, who was 

one of the three in Mackworth's "competent" class, 

who on two occasions at 97~ effective temperature 

produced respectively error scores of 2,527 and 34. 

This operator, on the occasion of producing 2,527 

errors, in fact scored only 14 errors in the first 

two hours of the session but scored 2,513 errors 

in the third hour, owing presumably to impending 

physical collapse. Pepler has stressed that the 

inclusion of results of this variation cannot be 

allowed for in the tests of significance and 

therefore complicate their interpretation. 
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I!S.!9' Errors! Hour/Man 
Ct3~~ byA\;,nD'_ 

&:r - - - - ~ Dat4 f-('om Mackwotfu '.950 
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In the present series further evidence Vias obtained 

which inuicates the independence of psycl10motor 

deterioration frOId body ter.lperature. This confirlils 

both !.iacK'."JOrth' s and Pepler's earlier work. An 

iUldeuiate cieterioration in heat in the first hour of 

exposure was found both in terms of failed fllessages 

and error score for all operators and for the combined 

group of "skilled" operators. Finally, perforlilance 

deterioration did occur with time in this series, 

confirminc Hackworth's and Pepler's earlier findings. 

COl\CLUSIONS AND SUl:!~RY. 

(1) Tv/elve tropical climate subjects received 

l~orse Code messages under differing clh1atic conditions, 

ra!l[ing frOlll 76 0 p to 960p effective temperature. 

(~) When the results were considered as a whole, 

the poor perforr,lances and variability of some operators 

r;lasked the deterioration shown by other operators. 

(3) When the results were marked by the total 

errors per operator, seven operators were found to 

deteriorate considerably at a climate of 96°F effective 

tel.lpera t ur e. Below and inol ud ing 91 0F effec t i ve 

tempe ra t ure, perforI~lanoe s were wit hin t he same range of 

effic iency. 
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(4) When the results of these seven operators 

are .,jarked by a pass-or-fail method, a logarithmic 

relationship of performance to atmospheric 

temperatllre was obtained, and the inflection of 

the perforl,iance curve vvas placed at 8SoF effective 

ter,1pe rat llr e. 

(5) Deterioration in efficiency with time 

occu~red in all sessions, except at 96°F effective 

teuperatllre, wilen an illlInediate onset of decrer,lent 

resulted in the first hour of exposure. 

(6) Deterioration in efficiency wa3 once 

azain fourul to be independent of body temperature. 
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Part III 

General Discuss1gn. 

Before d1scussing some of the general pointe 

which arise from work of this nature, it is logical 

first to consider the results in the light of the 

questions which, it was hoped, this experimental work 

might answer. 

The results of the pursuitmeter and Yorse code 

reception tests indicate that these tropical climate 

subjects did suffer deterioration in performance in 

heat. Tbi. s evidence, in combination with that obtained 

by Wyndham at a1 (1953) concerning "the pull test," 

shows, therefore, that heat affects the efficiency of 

tropical subjects at performing three of the activities 

which formed the basia of Mackworth's original survey 

on temperate climate man. Wyndham et a1 (1953), found 

that the level above which further heat caused the 

onset of deterioration in the "pull test" was 860:r., 

effective temperature (Basic Bca1e) when the work was 

mild (100 Kg Cal/m2/hr) or 82O:p., effective temperature 

when the work was moderate (150 Kg Cal/m2/hr). 'fhe 
o first climate i.e. 86 :r., is in agreement with that 

found by .ackwOrth to be the "critical level" when the 

performance at 79O:p., was taken as the standard • 

• ackworth's figure was 87.50,., effective temperature 
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(normal scale) but from the dry bulb and wet bulb 

temperatures, and the air movement of his experiment 

(namely 950 •• dry bulb, 850 
•• wet bulb, air movement 

100 ft/min), this climate was, in fact, 86oP., effective 

temperature (Basic Scale.). 

Similarly, when the results of the pursuitmeter 

and Morse reception tests are considered in the same way 

as Mackworth considered his results, the cltmatic level 

above which deterioration was marked was 86oP., effective 

temperature, and the rates of decrement with further 

elevation of the temperature were similar to those 

exhibited by temperate climate sub3ects, and appeared to 

depend on similar logarithmic relationships to atmospheric 

temperature. Thus, in relation to "critical" climatic 

level and extent ot decrement, the effect ot heat on 

tropical man is identical with that on artificially 

accltmatised temperate climate men, as defined by 

Ilackworth. 

However, if the concept of "critical" c11matic 

level be re-examined, it is seen that Mackworth's 

def1ni tion (1950) was .. there is a critical region on 

the atmospheric temperature scale, above which most 

acclimatised men will not work etficient17 •••••• this 

conclusion applies to all forms of intensive work, 
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both physical and mental." The operative words here 

are "most" and "efficlentl7." The first implies that 

some can still work effiCiently, and evidence has been 

related to show that under some circumstances, 

"exceptionally skilled" or very highly motivated workers 

can work without decrement, (Mackworth 1950, Bartlett & 

Gronow 1953, Blbckley & Taylor 1954, Pepler 1956). The 

second operative word in the definition is "efficiently", 

and here a very Texed question arises, for the difficulty 

o~ assessing e~ticiency is generally recognieed. In 

york o~ this nature the index of per~ormance or efficiency 

is necessarily a~itrary, and Pepler (1953 e) drew 

attention to the fact that the nature of the scales of 

measurement in performance indices is such, that fitting 

ot mathematical17 constructed curves to the performance 

scores is a very uncertain procedure. Treatment of the 

results of the present experiments in two ways brings 

out ~hie point effectively, and it can be seen that both 

the "critical temperature" and the rate ot decrement 

above this zone can differ with the per~ormance index. 

Thus, using basic error score lnstead of a derived 

method ot pass-or-fail scoring, the "critlcal" level is 

altered from 860,., to 910,., effective temperatures 

for the Moree code receptlon test, and in both this and 

the pursuitmeter experiment, the logarithmic relationship 
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no longer holds. 

In the pursuitmeter test, the scores at 96oP., 

and 910P., effective temperatures, were not markedly 

ditferent to each other, Pepler (1953 b) also found a 

similar apparent atabiliaatlon ot error score at the 

high temperatures (Pepler 1953 a), as did Carpenter 

earlier (1950). Wyndham et al., (1953) also found in 

the "pull test" that at temperatures above 90Op. 

ettective temperature, pertormance reached a minimum 

steady level. Theretore, both for temperate c11mate man 

and tropical climate man, decrement may not continue 

to increase with atmospheric temperature atter the 

initial deterior~on, provided the subjects' state is 

physio1ogicall~ satistactor7, and collapse is not 

~inent. The reactions ot tropical c11mate man then, 

on the whole, do not appear ditferent to those ot 

tropically acclimatised temperate climate man, as 

de scribed by Pepler (1953 a, b , c , e ) • Pinally, the 

findings ot both .ackworth (1950) and Pepler (1950 a, b, 

c,e) on the independence of deterioration trom body 

temperature rise, and the findings concerning deterioration 

with time have been confirmed, while the immediate 

onset ot deterioration in heat within a tew minutes ot 

exposure noted by Pepler (1956 a &: b) was also tound. 
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Briefly then, four of the questions posed have 

been answered by the experimental evidence as follows:

(1) Tropical sub3ects show deterioration in 

psychomotor efficiency in heat. 

(2) The figure ~or "critical" climate resulting 

in impairment depends, amongst other factors, on the manner 

in which the evidence is manipulated, as does also the 

apparent extent of decrement. The "critical level" may 

thus be asop., or 91Op., e~fective temperatures, 

depending on the task and the method of assessing 

performance. 

(3) Close agreement has been obtained with the 

resul ts of Kackworth (1950) for artificially acclimatised 

temperate cltmate subjects, and Pepler (1953 a,b,c,e) 

for tropical17 accltmatised temperate cltmate subjects. 

The effects of heat on tropical man's efficiency appear 

similar to the effects on temperate man's efficiency. 

(4)' Evidence has been shown that tropical man's 

efficiency at the following tasks is impaired by heat:-

a) 

b) 

c) 

, 
Simple muscular work-pull test (Wyndham 
et al 1953) 

HeaV7 physical work with accurate muscle 
control - the pursuitmeter test. 

Semi-automatic high speed mental work 
Koree code reception. 

The apparent logarithmic relationship ot 

performance to atmospheric temperature, depends on 
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specific factors in the exper~ental method. 

However the answer to question (4) is complicated 

by the absence ot deterioration shown by the subjects in 

the manual dexterity test in this series, and possible 

criticisms of the design of the exper~ent which may 

haTe been responsible for thi8, have been mentioned. 

Nevertheless the evidence at hand (Weiner & Hutchinson 

1945) concerning the detrimental effect of heat on the 

manual deXterity of temperate climate subjects, has 

been shown to be UDsatisfactory • 

• ackworth (1950) stated that deterioration 

occured "in all forms of tntensive work both physical 

and mental." He found, however, a difference in 

reaction between some psychomotor tests. Por example, 

the "clock" and the "pull" tests differed from the 

pursuitmeter and wireless telegraphy tests, in that 

errors did not follow a logaritbmlc trend. He ascribed 

this difference to the extreme psychological simplicity 

of the former tests, and suggested that the resemblance 

of the performance curves of the latter teats was due to 

the common factor of "speed stress." ~he validity 

of the logarithmic relationship has now been shown to be 

suspect, but nevertheless the concept of the 

PS7cbo10gical stmplicity, or otherwise, of a test 

affecting the reaction to heat, is worthy of consideration 
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The similarity ot reaction in the pursuitmeter and 

wireless tasks was the result, Uackworth thought, of the 

necessity tor immediate, accurate, and continuous 

response to a very rapid succession 4f signals. In 

the other tests, response was either discontinuous 

(clock test), or mechanical and regulated by the subject 

(pull test). This line of thought may possibly be 

extended to explain why the tropical subjects showed 

deterioration in the pursuitmeter and Morse code tests, 

and not in the manual dexterity test. It can be said, 

tor example, that the taSk in this test was discantinuous 

compared with tracking or receiving Morse signals, and 

that the speed of performance was imposed by the 

subject, and not by extrinsic control, such as 

pursuitmeter cam speed or lIorse code speed. 

lIackworth (1950) and Pepler (1953 f. g. h.) have 

shown that results may be modified in the same test by 

the level of incentive provided by giving the subjects 

information concerning the progress of performance, 

scores made, and encouragement. In lIackworth's 

"pull" test, information was given visually by a gadget 

which indicated progress. Thus in some way, information 

may facilitate efficiency and alter decrement, and the 

knowledge of the amount of work remaining may also spur 
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on the subject to greater effort. In the manual 

dexterity test, in this series, it could be said, that 

at every stage ot a "run", the subject bad immediate 

knowledge of errors, with the opportunity to make 

compensatory bursts of speed, and also the knowledge 

ot how much work remained to be done. These differences 

in the nature of the tasks may have accounted for the 

difference in reaction in this test. In addition, apart 

trom the fact that in the pursu1tmeter and Morse code 

reception teste no information is inherently available 

concerning standard achieved or progress of the test, 

the nature ot the "mental" components tested are somewhat 

difterent. The manual dexterity test is essentially 

sensori-motor, and involves comparatively short perio48 

ot "conscious attention" with little intellectual 

complexity, tor the problem posed is merely the moving 

balls trom A to B and back, as quickly as possible. 

On the other hand, in the pur8uitmeter and Morse code 

tests, "conscious attention" to the incoming sttmuli is 

essential, and rapid response i8 neCessary after the 

receipt and interpretation of the sttmulus, whether it 

be visual (the oeaseless movement of the machine 

pointer), or auditory (Morse code). 

It becomes evident to the critical observer at 
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this stage of the discussion, that the field o~ 

observation is rapidly being lett behind with the 

introduction of generalities in terms such as 

.conscious attention" and "mental components." 

Nevertheless while remembering that "generalisations are 

dangerous in proport1on to their value unless constantly 

correlated with the facta o~ observation" (Walshe 1942), 

it becomes necessary to introduce such terms on the 

grounds that no more precise terms are available to 

express the tunctions and concepts involved, and to 

attempt to relate these generalisations to the 

experimental work available. Strengthened also by 

Whitehead's (1929) assertion that "true discovery is 

like the ~light of an aeroplane. It starts ~rom the 

ground of particular observation: it .m.kes a tlight in 

the thin air of imaginative generalisation •••••• ", it 

becomes necessary to define, 80 far as possible, the 

terms used. Hebb (1949) defines attention as a 

selectiv1ty of response to some event in the enVironment, 

instead ot to another event, which could be responded 

to (or noticed) 3ust as well. It means, therefore, 

that the activity which controls the form, speed, 

strength, and duration of response to a stimulus, is 

not the immediately preceding excitation o~ receptor 
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cells alone, but that a central process, partly 

au~onomous or non-senso~, exerts a modifying influence 

on response. With this definition in mind, then, one 

can return to the influence of "attention" in the 

psychomotor tests under discussion. 

Siddall and Anderson (1955), studJing "fatigue" 

in a simple tracking test demanding continuous attention, 

claimed that as the task was s1Jllple enough to be error 

tree for runs of' up to ten minutes duration, any 

subsequent errors would be due to inattention to the 

display. The hypothesiS was that with time, mental 

blocks or gaps in perceptual response would occur, 

causing tracking to become momentarily uncontrolled. 

The results showed that af'ter a relatively long time, 

errors appeared, and increased in incidence with time. 

It is interred that this "fatigue" was due to increas1ng 

decay of' attention with increasing "perceptual blocking" 

resulting. !he task involved track1ng a target which 

moved 1n a constant direction at a constant rate, and 

to keep the target aligned, requ1red cranking a handle 

at a constant rate. !hus the situation involved less 

discontinuity of attmnlus or response than most 

situations, and it was supposed that in these circumstances, 

the Itmited variation of sensor,r input and information 

or monotony, would lead to inattention and "blocking." 
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Bartley and Chute (1947), in a consideration of the 

phenomenon of "blocking," state that a subject may 

pause for an unusual length of time before giving a 

response during a mental pe~ormance, or may rterject 

an interval ot no response in the middle of a response 

ser1es. They quote Bills' (1931) definition that a 

block is " a pause in the responses, equivalent to the 

t~e of two or more average responses." and also p01nt 

out that while Bills considered blocking periods as 

rest periods for the nervous system, they consider 

"blocking" to represent a type of momentary unfruitful 

organisation of activity. It is also pointed out that 

"blocking" is related to the rate of working, and 

that frequency of "blocking" increases with rate ot 

response, until at very high rates, continued "blooking" 

may result with total ignoring of the stimulus to 

response. 

That "interest," "incentive," or "motivation" 

may stave off deterioration has been shown earlier, and 

Hebb (1949), and Siddall and Anderson (1955) maintain 

that the level ot "sensory input" is of importance in 

determining the onset of impairment. Some experimental 

evidence Of a simple nature may support these 

theoretical considerations. Broaek (1943) describes 
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an example of "sensorimotor synthesis" from an 

e~r1aent by Lieberson (1939); subjects were requiI"ed to 

move the 1ndex finger as quickly as possible, and the 

freqaency attained and the onset of decI"ement was 

observed undeI" two sets of ciI"cumstances. Firstly in 

air without the finger touching anything, and secondly 

when the finger just touched a pliable sheet of paper 

which did not offer resistance. In the latter 

circumstances, a h1gher frequency was obtained and 

decrement occured later. Thus sensory 1nfluences 

obta1ned in the second set of circumstances appeared to 

improve performance. 

Gibbs (1954) observed the difference in tracking 

performance of subjects, when the control handle was used 

isoton1cally or isometrically by means of a pI"essure 

control on the handle. In the latter Circumstances, 

normal subjects showed much super10r peI"formances, due 

presumably to increased k1naesthetic impulses or "feed back." 

Tabetic subjects, who performed the test under the same 

sets of conditions, showed no d1fference in performance 

standard attained. This evidence implies that increased 

kinaesthetic feedback in a tracking s1tuation, by 

continuous monitoring, caused improvement in performance. 

Thus in terms of' current neuropsychological 
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thought, it is possible to distinguish the effects of 

environmental heat on the manual dexterity task, and 

the pursuitmeter and Yorse code reception tasks. In 

the former, the activity was discontinuous, yet with a 

high "perceptual feedback- as to progress and standard 

attained, the subject worked at his own speed for 

relatively short times and was perhaps well motiVated, 

and under these circumstances deterioration is 

unlikely. 

However, in the pursuitmeter and Morse reception 

tests, the activity waS continuous with no perceptual 

feedback as to standard attained or progress, and no 

intormation or incentive was suppiied. Performance 

required "continuous attention," and hence was liable 

to decrement due to perceptual blocking in these 

circumstances. !hus "fatigue" would be expected in 

normal climates for the wireless telegraphy test, but 

for the pureuitmeter test, as performance of the test 

waS once every twelve minutes, less decrement might 

be expected in normal climates. 

But exposure to heat in both resulted in 

imPairment from the start ot the exposure. Bartlett 

(1941) has indicated that "tatigue" and decrement due 

to . heat may be expected to show the same 

characteristics. It may be that heat acts by 
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accelerating the onset of decrement in some way, or 

that impairment by heat and decrement due to fatigue 

operate similarly. The fact that decrement in heat 

appears within a few minutes of exposure, suggests a 

rapidly operating mechanism, and implies a nervous 

basis, but more will be said on this point later. 

Finally the effect of ability on staving off 

impairment may be interpreted in current concepts by 

consideration of Bebb's views (1949), on the basis of 

learning a response to a stimulUS. Bebb considers 

that "a frequently repeated particu1arstimulation will 

lead to the slow development of a 'cell assembly,' a 

diffuse structure composing cells in the cortex, 

diencephalon, and perhaps the basal ganglia, capable of 

acting briefly as a closed system delivering facilitation 

to other such systems, and usually having a specific 

motor facilitation. M This is termed a phase sequence, 

and such an "assembly" action may be aroused by a 

preceding assembly, by a sensory event, or both. On 

this assembly (or assemblies), the influence of 

"attention" or the central autonomous process is 

exerted. In 1884 Hughlings Jackson stated "less 

consciousness attends activities of nervous arrangements 

the more organised and automatic they are or have become." 

It 1s feasible that the less skilled a man is, the more 
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"attention" he must pay to the task, and the less 

autonomous are the ~ctions of the phase sequences 

involved in the task. The onset of decrement in 

Bartlett's sense a941~ if it be mediated through 

"blocking"-Siddall and. Anderson (1955)- then is likely, 

for "attention" must be exerted continuously by an 

unskilled man, and it may follow that such a subject 

will show decrement when a more skilled man, with 

possibly less "attention" to his task, will not suffer 

imPairment. This hypothesis presupposes that impairment 

is indeed the result o~ interference with the central 

autonomous process in some way by heat influences. It 

is of considerable interest therefore, to discuss in 

the next section the possible ways that the detrimental 

effect of heat is exerted, and to consider the causes 

of decrement. 

Causes of Decrement in Heat. 

This is a topiC about which relatively little 

information exists in the literature, despite the amount 

of attention that has been paid to the study of decrement 

and fatigue in general. What does exist consists 

mainly of mere smatterings of articles, but nevertheless, 

the almOst mystic effect of heat on function, and bhe 

rapidity of its exertion offers an interesting field for 
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speculation. 

Barcroft (1938) cons1dered that in heat, it 

was the rising ot the bod7 temperature which threw out 

ot gear the proper funct10ning of the higher qualities 

ot the brain. While it must be conceded that this is 

so, the onset of impair.ment of these functions before 

measurement of bodT temperature, as we know it, reveals 

an increase, see .. to ind1cate that other factors may 

be operating, unless neurones are except10nally 

sens1tive to minimal temperature change. This point 

is capable of resolut10n it the sensory and peripheral 

effects of heat could be el~inated, and the function 

in subjects with only a raised body temperature 

investigated e.g. due to fevers etc. This possibility 

seems to have crossed Barcroft's mind, for in considering 

the effects of raised body temperature, he mentions 

pyrexial effects but warns that the effect of circulating 

tox~s could not be ignored. Barcroft then, considered 

the effects of heat by raising body &emperature as 

one of the tactors disturbing the fixity of the internal 

environment. Oxygen, tor perfect cerebral function, 

is another tactor, and it has been suggested by 

Bllis (1953 a) that heat may act by diverting blood 

tlow to the periphery with a resultant reduction in 

cerebral blood flow and possible cerebral anoxia. 
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That anoxia can cause impairment of pursuitmeter 

performance, stm1lar to that caused by heat, has been 

shown by Shephard (1956) and earlier, Critchley (1945) 

has mentioned the s1ailarity of the effects ot 

anoxaemia and carbon dioxide. However, in the absence 

of any experimental evidence it cannot be visualised 

that cerebral blood flow would suffer 80 acutely from 

the onset of heat, while it has been shown that subjects 

nearing circulatory collapse in intense heat could still 

maintain their performance standard, (B1ock1ey & Taylor 

1954, Pepler 1956 a). Bllis (1953 a) maintained that 

although there was no evidence of a direct effect of 

beat on the central or peripheral nervous ~stem, 

decrement might be due partly to distraction or changes 

in incentive associated with thermal discomfort or 

sweating. 

lIackworth (1950) on the basis of the logari tbmic 

change in performance with temperatu.-, contemplated a 

biochemical explanation. He suggested that some 

substance which might slow nerve transmission at 

871lapses, might be produced in the body by heat, and by 
its cumulative effect increasing disorganisation. 

However, the tact that increase in body temperature 

did not act as an inte~ediar.J in causing decrement, 
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he considered, was a telling point against this 

explanation, apart ~rom the di~~erent effects that 

incentive exerted on the results. 

The immediate onset o~ decrement in heat, it has 

been suggested earlier, implies a rapidly acting 

mechanism and a nervous basis JDa7 •• 11 aecount for the 

phenomenon. The ~amental nervous response to heat 

is mediated in the hypothalamus in the heat regulating 

centres. In view ot the proximity ot this region to the 

hyJ)Othalamic "sleep" centre it is not surprising t!lat 

a bJpothesis incrtminating irradiation ~rom one to the 

other centres with setting in motion o~ the sleep arousal 

mecham. (Xlei tman 1939) has been posed. Thus Lee (1950) 

invokes this explanation as aSSisting in the production 

ot teeling ot lassitude, drowsiness and inattentiveness 

in heat, and this may well cause interference with the 

maintenance ot the necessar" "conscious attention" in 

psychomotor skills. In addition evidence exists as to 

the interdependence ot bypotha1m1c and cortical relationS 

(lIurp!l7 c!: Ge1hom 1945, 1fard " ll00ulloch 1947), and also 

tha~c and cortioal act1Yit1es (»usser de Barenne et a1. 

1937, 1938, 1941) through the "suppressor strips." 

B1POthalmic firing in heat ~ght thus spread ita 

influence over widespread areas ot the cortex and 

interfere with "intewgrative" functions and "conscious" 
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activity. While considering the possible ways in which 

nervous influences may be exerted it is worthwhile to 

pay more attention to the possible role of heat as a 

distracting influence. Pepler (1953 f,g,h,) has shown 

that men usually used to a remarkably constant 

climatic environment may show deterioration in 

performance when the temperature is lowered only a few 

degrees (trom SloP., to 7eOp., effective temperature) 

as well as when it is raised. In 1954 Pepler said 

that this ettect might be because the subjects became 

more sensitive to climatic change owing to the narrow 

range of ambient temperatures. He hastened to add that 

this was not an argument against air conditioning, for 

in time a new level ot performance might be established 

at the cooler climate which would be more efficient. 

Generally in the tropics where the ambient range is 

small, the indigenous sab~e.ts may become excessively 

sensitive, physiologically,to lowering of atmospheric 

temperature (Ladell 1954), and psychologically one 

has observed peculiarities ot behaviour and 

3udgement by tropical men on ·coldM days in the 

tropiCS. That this cooling may act as a distractor 

8S well as heat is possible, it the distracting 

intluence is mediated by discharge from cutaneouB 
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receptors and tired by the temperature gradient. 

Pepler (1956 b) believes that when other stressful 

stimuli e.g. glare, noise, or controlling a dummy 

handle are combined with heat, the decrement in 

pursuitmeter performance may be greater than in their 

absence. It is on this basis that in the next section 

a hypothesis is evolved for the cause of decrement in 

heat. It is fully realised that the experimental 

work in this thesis provides no information upon 

which to base a hypothesis for decrement in heat, 

and indeed there is little experimental evidence at 

all upon which to base speculation. Nevertheless 

speculation may be permissible in that, even if 

wildly incorrect it is stimulating, and provided that 

one remembers the observation of Trotter (1913) and 

his warning that "In dealing with theoretical 

considerations concerned with the physiology of the 

nervous system one is exceptionally liable to be 

misled by preconceived or introspectively evolved 

notions as to how sensory and perceptive processes 

may be supposed to act ••••••• and we tend to drift 

into the error of supposing that conceptions which 

are clearcut, easily comprehensible, and "reasonable", 

acquire by that very fact an increased probability ot 

being accurate expositions of the physiological 

processes they protess to explain." 
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A IlUrgpSYChological HYpothesis ror the Cause or Decrement by Heat. 

Various authorities have stressed the importance 

of input, and reedback or servo mechanism in many 

problems of nervous organisJion relating both to 

physiological and psychological functions (Weiner 1948, 

Hebb 1949, Hebb 1954). 

Weiner (1948) mentioned that in situations where 

response is called for by sttmuli displayed in time 

the problem becomes related to time series studies, 

_nd has discussed the mathematics involved in 

interference between two stimuli. For emample, if 

"utt is a message and "v" a noise then in the absence 

of noise the information carried by the message is 

infinite. However 1n the presence of a noise, the 

information becomes finite and rapidly approaches zero 

as the noise increases in intensity. Weiner also 

draws attention to the complex assembly ot neuronic 

chains involved in the performance of complicated 

behaviour by man. It 1s pointed out that this is 

analogous to multiple switChing or staging in a 
, 

communication system, the delicacy ot which increases 

with its complexity, wh1le at the same time the 

multiplication ot stages for efficient performance 

continually demands a higher level of successful and 
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controlled activity at each stage, to render the 

ultimate function a probability. Such a system can be 

overloaded by an excess of traffic, by a physical 

removal of channels for carrying traffic, or by the 

excessive occupation of such channels by undesirable 

systems of traffic. In all these cases, Weiner points 

out, a point will come when breakdown occurs. Weiner 

elsewhere discusses the influence of 'eedback in 

electronic machines, and indicates that breakdown of 

control is mamifested by oscillation or hunting of the 

machine. 

It is conceivable that for any organised 

communication system such as a cerebral neuronal net, 

there is an opt~ input which is l~ited to a 

considerable amplitude of input for efficient control. 

It input fallS below a critical level disorganisation 

may result CHebb 1949, Siddall & Anderson 1955) and 

it is analogous that input above a critical order may 

. also create disruption - for example, sensory input 

above a certain level may produce pain from the 

cutaneous special sense receptors when hypersttmulated, 

and Bartley and Cbute (1947) point out that excessive 

rate of stimUlation may result i~ complete "blocking~ 

It a neuronal net is bombarded by a set of impulses -
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thus becoming overwhelmed - then disorganisation may 

result; that "blocking" may be analogous to the hunting 

of the electronic apparatus, as representative of 

momentary disorganisation, springs to mind. It is 

conceivable that if a distracting influence reaches the 

s~e central integrative level as a co-existing input 

stimulus, then it may overload the neuronal net 

mechanism, as may the "undesirable systems of traffic" 

in communication chains. Pepler (1956 b) states that 

heat decrement in pursuitmeter performance may be 

greater in the presence, of other stressfUl stimuli 

e.g. glare from a light, heard irrelevant but audible 

speech, or even extraproprioception produced by the 

inactive arm holding a dummy control arm loaded with 

16 lbs. This may well be objective evidence in support 

of the above hypothesis. If heat decrement is considered 

in this light, then it is necessary to consider at what 

level of nervous activity heat influences are perceived, 

and whether the situation visualised can arise. 

presumably the ulttmate tate of the electrical impulses 

passing from cutaneous receptors in the skin will be 

the cortex, and it may be at this level that interference 

wll1 act. However, recent advances ln neurophysiology 

maY lncriminate a lower anatomically but functionally 
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higher level than the cortex. Penfield (1954) proposed 

that the highest level of neural integration of the 

total activity Qt the nervous system is situated in the 

centrencepha1ic system which lies in the reticular 

formations of the dlellcepbalon, mid-brain & pOns. 

Magoun et al (1954) have shown that the activity ot this 

formation reacts to auditor,J and tactile stimuli and 

that its activity can cause the "arousal reaction" or 

desynchronisation ot the electro-encephalogram with 

disappearance ot the alpha rhythm. This arousal reaction 

occurs also when "attention" is directed consciously to 

particular tields. Here then lies a neuronal net 

system responsive to ext~tption and involved in 

"conscious activitT;" Jasper (1954)has drawn attention 

to his hypothesis that it is in this centrencephaliC 

system that the signal to the whole system to respond 

is evoked by a pattern ot stimuli. Jasper (1954) adds 

that "this (neural) pool will only receive a limited 

input and competing impulses cannot reach it." 

Heat could conceivably act in a similar way 

to other distraotors, by oTerloading the neuronal net 

and interfering with the central autonomous process 

with resultant "blocking." Bartlett (1941) in his 

study of "tatigue" found that an increasingly powerful 



-160-

interference effect resulted with time from a varie~y 

of distracting stimuli. Noise, heat, or even proprioception 

from body attitude, were among the distracting stimuli 

offered; that these different influences operate 

through the same mechanism seems possible. 

Consequently, abilities not primarily requiring 

close central control may be less interfered with by 

an excessive sensory input of heat stimuli. Thus the 

more automatic an activity, the less likely i\ will 

suffer decrement. This might explain the apparent 

heat insensitivity ot the manual dexterity test, while 

tests requiring cortical integration and involving the 

participation of the central autonomous process, would 

respond to heat interference. An extension of this 

hYPothesis may also explain the oft repeated observation 

concerning ability, that the most skilled workers 

suffer less decrement - .ackworth (1950) noted that 

very skilled operators could carry on a conversation 

yet receive Morse code accurately at the same time, 

a remarkable example of automatism. 

In very adverse circumstances during high 

motivation, sensory input Cal sometimes be ignored by 

the individual, for example, pain in battle. Beat 

influences may perhaps be similarly disregarded in some 

circumstances to·the benefit of performance, as tn 
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Blockley & Taylor (1954) and Pepler's (1956) experiments, 

but only by conscious striving. 

Finally, if it be considered that the central 

organiser mechanism is faced with different inputs which 

are vying for treatment, and that in certain conditions 

potentiation of one might lead to partial or complete 

extinction of the other's effect, it may be possible to 

understand the beneficial result of gaining information 

concerning performance either from an observer or from 

the nature ot the taBk:- e.g. in the pull test or in the 

ball picking test. These conditions may result in the 

dominance of the feedback influences over the interfering 

phenomena; this implies a potential selectivity of the 

control mechanism, or a differentially applied influence 

of feedback mechanism. The tollowing situations and 

results might result on this hypotheSiS and may explain 

frocesses Inyolve~ntluence . Anticipated decrement 
Feedback Low No information Eull test 

~ High (Low incentive) . 
Central . ~ 
facilitation Low Automatic task 

Feedback 

Feedback 
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or ---------------------
(B. skilledFen) 
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available h 
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Pursuitmeter r. Less 

Interpretive --~------------------
continuous tas~ igh Morse, vigil. 
no information Coding, 

Pursuitmeter. 
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Thus a central nervous interference effect may explain 

that 

(1) The onset of decrement is immediate in heat

neuronal in nature and speed. 

(2) The decrement is not related to body 

temperature, as it is the immediate result of 

exteroceptor interference lhich may not be conscious 

but is capable of extinction in some circumstances ot 

motivation, skill, or high feedback in particular tasks. 
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Sl1marY of Psycbomotor Work. 

Three psychomotor experiments of differing 

complexity were performed, using tropical climate 

subjects, to investigate the effect of raising the 

environmental effective temperature on the efficiency 

of performance. 

In all three experiments the subjects were given 

a preliminary opportunity to become familiar with the 

expertmental routine and conditions, or to become 

trained performing the particular test. The experimental 

routine in each test was so designed that hourly sweat 

rates and rectal temperature changes could be observed 

for each of the particular climatic exposures, each of 

which lasted three hours. The same range of climatic 

conditions was imposed in all the experiments, and as 

the air movement in all tests was 100 ft/min. exposures 

to dry and wet bulb temperatures of:-
DB ~oF., 2,g°F., 2201"., 100OJl., lQ§°F., 
WB 75 80 85 90 95 

gave a range of effective temperatures of 76°1"., 810 P., 

860J1., 91°1"., 960,., The order of exposure was randomised. 

( a) 1"P,1 Dexteri tl_ 

This was the simplest test and involved 

high speed repetitive movements. The four subjects were 

required to manipulate with forceps 84 steel ball 
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bearings and to transter them trom one site to another 

and back, as quickly as possible. The ball bearings 

were carried on a rotating tilted circular disc to make 

the test more difficult; the time taken to complete the 

task was the measure of performance. In addit~n, any 

balls dropped had to be replaced before the test was 

completed, and the number of mishandled balls offered 

another index of performance. The final index was the 

time/movement, which was obtained by dividing the time 

taken per test by the total number of balls handled 

(including those dropped). It was found that during the 

preliminary period, typical learning curves were 

obtained for these indices except the number of balls 

dropped which remained variable all the time. Exposure 

to hot climates did not result in any impairment ot 

performance normally, or even when the severity of the 

task W8S doubled. In fact, the time per test and 
, 

time/movement conttnued gradually to be more effiCient 

from day to day throughout the tests despite climate or 

raised rectal temperature. 

(b) The pgrsuitmeter Test. 

In this experiment attempts are made by 

the subject to tollow the erratically moving machine 

pointer (controlled by an electrically driven irregularly 
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shaped cam), with a pointer controlled by the subject 

by moving a heavily weighted lever. Angular errors 

between the two pointers are suromed on an error scoring 

dial within the machine, and performance can be assessed 

either in terms of absolute error, or in terms of failed 

attempts at tracking if the subject exceeds an 

arbitrary error score. Four subjects performed this 

experiment, and it was found that on either method of 

scoring, performance became poor at climates of 9loF., 

and 960F., effective temperatures even before the 

rectal temperatures rose. Performances at other 

temperatures were within the same range. In terms 

of failed attempts, a logarithmic relationship between 

performance and atmospheric temperature was obtained, 

and the "critical level" of climate was found to be 

860F., effective temperature. These findings are 

s~ilar to Mackworth's findings on temperate climate 

personnel. However, consideration of performance in 

terms of error score, instead of a derived system of 

scoring, indicated that a logarithmic relationship 

does not hold, and that the latter is due principally 

to the scoring method. The critical level of 

temperature however, remained the same for performance 

based on error score. Performance was independent of 
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body temperature; time within a session did not impair 
o performance, but at 96 F., effective temperature the 

onset of impaired performance was immediate. 

(c) Morse Code Reception 

This test represented the highest plane of 

mental activity investigated, and involved little motor 

component. Twelve subjects received Cipher Morse code 

at the speed of twelve groups, each of five symbols, 

per minute for 45 minutes, in each hour of the three 

hours exposures. The result was marked in terms of 

actual number of errors made, and also as failed 

messages if five or more symbols were missing or 

incorrect. Variability and poorness of some of the 

operators rendered interpretation of the results 

difficult; however, the "bettertl operators showed 

deterioration at 96oF., effective temperature, and also 

with time within any session on the former method of 

scoring. When the derived method of scoring was used, 

the results bore a logarithmic relationship to 

atmospheric temperature, and the critical temperature 

for deterioration was placed at 860 P., effective 

temperature; results were thus similar to those of 

Mackworth. However, the fact once again that these 

relationshipS do not hold for performance when the 
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error score was used, indicate their dependence on the 

scoring rnethod. In tenms of failed message~, performance 

deteriorated with time within sessions, and onset of 

decrement at 960P., effective temperature was immediate. 
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;,: 1 

teaul}8 of Manual Dexterity Teat. 
l'8ct ce Run Results 

Sub~ect P 
Time 
m. B. 

Run 1. Attempt 1 16.17 
It 2 11.30 .. 3 9.15 

Run 2. Attempt 1 7. 2 
It 2 6.49 .. 3 6.33 

Run 3. Attempt 1 8.16 
It 2 7.46 .. 3_ 6.52 

Run 4. Attempt 1 8.50 
It 2 7.45 
It 3 6. 2 

Run 5. Attempt 1 6.33 
It 2 6.18 .. 3 6~ 0 

Run 6. Attempt 1 6. 4 .. 2 5.45 
tt 3 I 6.30 I - ~----- -- -- ----

-
APPENDIX. Section A. 

0 I 
B.D--,-- Time R.D. Time B.D. Tlr.lp --m. B. m. B. n. s. 
82 8.43 5C 9.33 30 6.55 
44 6.W+ 25 7.45 21 6. 0 
36 6.53 29 7.33 20 5.13 
11 6. 7 21 7.57 33 5. 5 
17 5.49 14 7.10 21 5.18 
14 6.34 17 6.43 23_ 5.35 
19 7.24 18 6.32 29 5.17 
26 5.42 23 7.35 26 5.26 
18 5.32 15 6.11 12 5.35 
34 6. 2 19 5.57 10 6.18 
22 5. 7 16 6.24 21 6.40 
24 5.35 16 6.17 25 6. 1 
28 5.15 9 6.27 26 5.57 
19 5.25 14 5.48 11 5.18 
J.l4. 6.15_ 25 6.21 22 5.26 
24 5. 9 17 6. 0 36 6.5t) 
16 5.10 14 5.37 10 4.58 
32 4.55 12 5.29 15 5. 0 

-- --

Times were recorded in Minutes and Seconds for convenience in these tests and 
later converted to seconds for the final analysis. 
B.D. • Balls dropped. 

E 
lJ. • !). --
48 
29 
15 
16 
24 
20 
13 
7 

11 
18 
13 
11 
13 
11 
13 
19 
20 
15 



~ 

11 -
Practioe Run Results 'continued) 

Subject. P 0 I • 
Time B.D. Time B.D. Time B.D. Time B.D. 
m. s. m. s. m. 6. m. s. 

Run 7. Attempt. ~ 5.22 26 5. 5 ~5 6. 0 19 5.15 23 .. 2 6.14 32 5.37 26 5.~1 15 6. 5 25 .. ~ 6 1 11 0 
Run 8. At.tempt 1 5.26 33 5.42 31 5.15 13 6. 7 25 .. 2 5.50 27 5. 7 21 5. 6 6 5.25 21 

" 'Z 2 18 1 12 16 
Run 9. At.tempt 1 4.56 17 4.35 16 5.43 21 4.59 16 

" 2 5.48 26 5.32 19 5.29 17 5.19 24 .. 1 21 10 26 28 
Run 10. At.tempt 1 6. 0 29 20 5.34 15 5. 2 6 .. 2 5.49 23 15 5. 0 5 4.37 12 

" 2 0 
Run 11. Attempt 1 5.43 27 5. 3 20 5. 2 5 5.14 

" 2 5. 7 21 4.38 15 4.57 8 4.55 .. 'Z 1 28 1 18 
Run 12. Attempt 1 4.56 11 4.50 20 

If 2 4.56 21 4.53 12 .. 'Z c:. 1 1 11 
Time - recorded in minutes and seconds. B.D. = Balls dropped. 



~~;.:.' 1f1 -
J»ract1ce ItunReJlulta {oon\1nued) 

Subject I P 1 0 J I B -Time B.D. : Time B.D. \ Time B.D. Time B.D. 
m. s. m. 8. m. s. m. s. 

Run 13. Attempt 1 \ 5.25 19 4.51 18 5.27 9 5. 0 9 
t 

" 2 I 5.24 26 4.32 8 6. 0 11 4.56 10 

" ---1 , 4.50 ~l !.i.. 31 l~_ 5.26 4 5. 5 8 
Run 14. Attempt 1 4.22 16 I 4.43 19 ! 5.27 7 4.42 7 .. 2 5.22 34 i 5.18 23 , 5.40 2 4.27 9 .. 'Z ~ 41 21 I ~126 11 f 5.2 
Run 15. A. t tElllpt 1 4.35 26 4. 0 17 11 4.55 12 .. 2 5.35 51 4.32 20 4 4.26 9 .. 21 10 
Run 16. Attanpt 1 5.19 32 5.20 22 11 4.56 18 

It 2 5. 0 25 4.27 4 4.28 10 
It 'Z 2 .12 16 1 

Run 17. Attempt 1 4. 9 13 4.37 5.41 8 4.56 19 .. 2 4.53 31 4.23 5.36 11 5. 8 21 .. 'Z 4. 2 • 8 .44 8 4.24 16 
Run 18. Attempt 1 4.11 14 4.52 4.51 13 4.52 14 

It 2 4.44 31 4.48 4.59 4 4.11 9 .. 3 4.53 33 5.18 5.27 13 4.35 16 

Time = recorded in ~nutes and seconds. B.D. I: Balls dropped. 
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Ii_tic Day 1. Mean Dry Bulb 83.1Op. Mean Wet Bulb 75.90~. Effective Temp. 76oF. 

(Basic) 

Subject 

Entry 
1 

2 

3 
1st Hour 

1 

2 

3 
2nd Hour 

1 

2 

3 
3rd Hour 

Air movement 100 f't/m1n. 

p o I E 

Time B.D.l S.R.! R.T.lTime B.D. S.R.' R.T. Time B.D. S.R. R.T. Time B.D. S.R. R.T. 
\ ! i m.s. ; lm.s. m.A. m.s. 

- . 99.5 i 99.4 99.3 99.4 
4.43 25 \ 1,4.37 20 : 4. 58 13 4.5:7 12 
4.29 37 ;4.23 20 :4.47 9 4.20 6 
4.24 31 I .4. 9 18 :4.56 2 4.18 12 

\ 40 99.2; 55 99.3 ~ 40 99.1 
4.51 11 \ .5.13 16 ; 4.40 
4.53 
4.10 

I' • 22 I \4.44 27 ,4.36 • I 

26 4. 9 20 \4.57 
I 55 \ 99.1 1 60 99,1\ 

3 
1 

8 

3.52 18 
4.43 32 
4.24 32 

1 : ! 4.27 24 ; 5. 7 8 
4.30 20 14.28 3 
4.19 21 15.17 

99.1 i 85 99.11 
9 

i 45 

25 99.1 

35 98.9 

B.D. = Balls dropped. 

4.31 11 
4.17 10 

4.28 11 

5. 0 14 
4.12 9 
4.32 14 

Time. recorded in minutes and seconds. 
S.R. = Sweat loss in grams. R.T. = Rectal temperature~. 

40 98.9 

40 98.8 

55 98.6 

J 

l 



:! 

C1ima tic Da~ 2. Mean Dry Bulb 84.1oF. Mean Wet Bulb 76.2~. 
Air Movement 100 ft/min. 

Erfect1ve Tem~. 76.5~. 
(Basic 

Subject p 0 I 
, 

E 

Time B.D. S.R. R.T. Time B.DJ S.R.l R.T. Time B.D.I S.R.! R.T. !T1me B.D S.RJ R.T.:
1 

3 
3rd Hour 

I 
I 
I 

m.s. 

4.46 
4.15 
4.38 

3.58 
4.23 
4.27 

4. 9 
4.10 
4.29 

I m.s. I m.s. I ! m.s. 
I - 199.4 - 99.0 - 99.4 - ! 98.7 

25 I I 
4.14 16: 5.17 11 4.43 10 , t ! 

, 

25 ! 'I 4.26 19 4.45 1 4.18 16 
27 j I 4.24 21 

14•45 6 4.43 17 
; 

170 \99. 2 45 99·°1 35 99.1' 40 98.6 
14 I ! 4.65 39 4.46 9, 4.29 15 

I ! I 

36 I 4.20 21 4.43 10 : '4.11 12 
26 I 3.58 11 4.38 7' :4.28 13 

I 
! 45 80 . 99.1 80 99.1 99.11 ,35 98.6 

36 4.41 26 : j4.33 19 
29 .4.19 11 : ! 14.10 15 
4J. i 14.11 20 4.55 16 4.26 23 I i 

160 ,99.1\ : 80 99.1 .38 .99.0 140 ! 98.4 
1 I i J 1 J __ I . 

Time = recor~ed minutes and seconds. 
S.R. = Sweat loss in grams. 

B.D. = Balls dropped. 
o R.T. = Rectal temperature F. 

I 

; 

I 



~ 
Mean Dry Bulb 95.0~. Mean Wet Bulb 85.1oF. 

Air movement 100 ft/min. 
Climatic Day 3. 

p o I 

Effective Tanpe 86°F. 
(Basic) 

-T E 

II" 

Time BeD:rS-:R4 R.T. Time B.-D.· S.R. R.T:- Time B.n) S~}{J R.T. jTirne B.nJ -S.R.~ R.T-:-l11 
------""t---+---+-----t----+----t----- . ~t_---...--------t----~-_, 

m.R. I m.s. m.s.· I Im.R. ! ,Tn.S • 
Entry . 99.5 99.11 99.6;' 99.1 

1 

2 

3 

4. 3 4 4.39 28 '4.42 18 4. 2 14: 
3.54 22 4. 8 26 14.26 21 , 4.27 22 

1st Hour 

1 

2 

4.18 37 Ih 3 231 \l+.30 9 !4.10 20 
215;100.1 1175 99.5! 145!99.7 170 99.4 

4. 8 

3.46 
3.58 

29 4.17 28 14.1a 28 I 4.39 20 

3 
2nd Hour 

1 

2 

3 
3rd Hour 

3.35 
3.56 
3.56 

! 
34 3.56 19 ;4. 6 4: 4.17 6 
31 13.50 13 I ; 4. 25 6 i 3.57 9 

200 ; 99.81 160 I 99.4 160 99.6' 170 ; 

21 14.54 40 I 4.19 11 4. 2 11 

20 14.14 28 I 4.25 13' 3.50 10 
32 14.11 26, I 4.18 23 4.5 16 

200' 99.8\ 1220 ! 99.4 140 99.8 180 1 
______________ ~ ________ ~ __ ~_, ____ L___ ____________ . ____ ~ _______ ~~ _________ ~ ______ ~ __ __ 

Time = recorded in minutes and seconds. 

S.R. = Swea.t 10SB in grams. 
B.D. = Balls dropped. 

o R.T. = Rect'31 temperat1...lre F. 

ill 
I' 
I 
I 

9°."% i oJ J I 

I 
" 
f 
t 
I 

99.6 



vii 

Clime. tic Day 4. Mean Dry Bulb 105.1oF. MeAn Wet Bulb 95.0oF. 
Air movement 100 ft/min. 

Subject p ~ o 

Effective Temp. 96~. 
(Basic) 

~~------.--------
I B 

------------------~------------~----------_+----------~----~----~----------------------~\-----. '--1 

Entry 
I 

2 

3 
1st Hour 

1 
2 

3 
2nd Hour 

1 

2 

3 
3rd Hour 

Time B.D.I S.R~ R.T. 1 Time B.D.! S.R' 
m.a. 

4. 1 24 
4. 8 29 
4.10 31 

,m.s. 
- I 

100.11 

3.56 19 
4.24 
4.15 

32 
33 

:m.s. 
! 

99.0 ' 
14.16 
i4.32 
:4.19 

5 

9 
11 

I 598 101.1 
; I 

29 i 

645 1100.2 : 

3.44 
4.23 
4. 8 

3.38 
3.37 
4.53 

11 ! 
I 

35 i 
I 

4.24 
3.46 

, I 

13 I !4. 3 
I 600 ,101.1 

22 ! 3.56 
26 14.16 
54 13.43 

I 
; 420102.8; 
- , 

! 

241 
27 I 

I 

i 780 

231 
! 

391 
231 , 

; 665 
i 

4.18 
4. 6 
;4.11 
I 

18 
10 . 

16 
101.Q 

102.0 

14. 9 13 
8 :..1,50 

'3.54 11 

S.R. R.T. ;Time B.D.: 8.R. R.T. 

99.3 
m.s. 

4.20 16 
4.11 18 

4. 9 17 
440 100.11 

i 14.33 34 
b.56 21 
! 

14. 9 17 
580 1101.1 ! 

624 "101.6 

'3.47 16 
4.24 26 
3.44 16 

98.6 

-670 99.9 

, 
: 955 ,lOLl , 

-785 101.9 
I· 

.....J.. • rl : 

Time = recorded in minutes and seconds. 
S.R. = Sweat 10SB in grams. 

B.D. = Balls dropped. 
o R.T. = Rectal temperature F. 
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Climatic Day 5. Mean Dry Bulb 90.0~. Mean Wet Bulb 8O.0oF. Effective Temp. 81~. 

(Basic) Air movement 100 f't/min. 
, ---,---- ------ --- -------~ 

Subject p . 0 . I E 
---~ - - - ...-- ----,---- .-- , 

Time B.D.: S.R.1R.T •. Time B.D~ S.R. R.T. !Time B.D. 
m. s. -m.s. :m.s. Im.s. 

Entry ;99.5 99.0 - 99.11 : 

1 3.26 7 3.43 20 ;4.23 9 . 14.18 12 , 
I 

2 3.43 19 3.49 17 ;4. 4 7 14.30 20 , 

13 ~ ! 13.49 
! 

3 3.48 16 4. 4 i3.58 11 I 

! I 

1st Hour 165 ·99.2 . 135 98.6 i 55 199•1 1 I 

1 3.10 9 3.54 25: /4. 2 141 I !4.~0 28 I 
i 

14.14 
I 

2 3.50 25 , 4.20 ,.26 : 12 I 13.~5 20 I 
17 ! 

! 

14.24 3 3.30 3.56 25 18 j 13.55 13 
! ! 2nd Hour 170 . 99.2 _ 125 · 98.6! ! 105 ! 99.4! j 

I , 
I I 

16 ! 1 3.24 19 3.56 30 • i4.17 11 i I 13.48 
25 ! f 

2 3.34 ,12 3.51 ;4. 7 15 i 4. 0 19 ! ! 
• I 

3.36 16 I :3.42 14.18 , :3.45 
, 

3 22 12 _ 21 ~ 

1160 
, 

" , i 1 . 
3rd Hour 99. 2 1 145' 98.6; 80 199.4: 

I • 

l 

Time = recorded in minutes and seconds. B.D. = Balls dropped. 
B.R. = Sweat 108S in graIIJ3. R.T. = Rectal temperature OF. 

R.T. 

- 99.0: 

85 • 99.0 

95 98.9 

95 : 98.8 
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Climatic Day 6. :Mean Dry Bulb 100.loF. Mean \'let Bu.lb 90.00 F. Effective Temp. 91°F. 
(Basic) 

Subject 

Entry 

1 

2 

3 
1st Hour 

1 

2 

3 
2nd Hour 

1 

2 

3 
3rd Hour 

. Air movement 100 tt/min. 

r -- - - -- --p- --O---~-I I 
L _ ~_ _ _ _ _ _ _ _ _ _ . -1 E 

f~ Ti~eB.D~ S.Ro' R.T. !Time B.D~ S.R.: R.T.l Time B.D.: S.R. R.T.!Time B.D~ S.R. R.T. 

:--------~!---------+-------+----~--~----------------~-----------------
! m.s. i Im.s. . !m.s. m.s. 

I • I 

3.53 
3.55 

i - 100.3 j i 99.2, 99.3 
32 I 13.49 241 14. 5 9 4. 3 12 

. 13.39 211 ! 4. 7 11 3.41 14 29: 
I ' I 

13.36 19 1 13.57 13. 4.9 22 
370 100.31 280 i 99.41 215 99.6 

3.55 22 

3.44 261 13.59 25 . i 4.20 10 3.46 16 
I , 

3.46 18 Ji !3.44 34 ! 4.25 21' 3.30 , 1 
. I 

3.32 191 13.40 20 i . ! 4.17 15: 3 • .36 
I 320 l00.7! ' 300 i 99.81 270 ~100.0 

19 
18 

1 I I I 
3. 6 7 i i3.32 22 j 3.53 15; 3.45 22 
3.24 241 :3.31 21 ! 4. 4 12; 3.25 13 

I i 
3.23 21: i3.56 32 13.53 11 3.43 22 

\ I 

290 100.71 330 99.91 240 '100.1 
. ! ! 

98.6 

195 99.2 

300 100.0 

230 100.1 

Time = recorded in minutes and seconds. 
S.R. = Sweat loss in grams. 

B.D. = Balls dropped. 
o R.T. = Rectal temperature F. 
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Climatic Day 7. o - Q Mean Dry Bulb 85.1 F. Mean Wet Bulb 76.5<F. 

Air movement 100 tt/m1n. 

o Effective Temp. 77 F. 
(Basic) 

Subject 

Entry 

1 

2 

3 
1st Hour 

1 
2 

3 
2nd Hour 

1 

2 

3 
3rd Hour 

~------------------------r---------------------~ 
P 0 I E 

Time B.D. R.T.]Time B.D.I B.D' s.R.l R.T~l,Time B.D:s.R~l R.T. 
m.s. 

3.31 13 
3.20 15 

3.32 19 

3.33 18 
3.19 14 
3.23 17 

3.15 9 
3.17 24 

99.8 
m.s. 

3.44 25 

:3.45 22 
l3.53 31 

75 I 99.41 
! 

6.5 I 99.2 

13 • .5'6 30 
13.41 27 
13.38 22 

\3,54 31 
13.36 26 

, ! 46 

70 

65 

I 

m.s. 
99.1 

14•42 
I 

14. 23 
13.59 

99.°\ 
4. 4 

99.0 

3.54 
4. 2 

1 
22 ! , 
171 III 

! 
121 

I 

11 I 
18 I 

I 

m.s. 
99.2 

4.12 
3.45 17 
3.42 

17 

22 : 

20 : 99.01 

1\' i 3.35 
: 3.22 

, i I j 3.35 
35 I 99. 2 1 

I :3.56 
1 I 
i 13•39 
\ i 
i : 3.20 
. I 

20 ' 

13 ~ , 
20 ' 

21 t 
i 

241 
10 i 3.18 28! I 13. 32 

I 45! 99.31 
_ Ll 1 

85 199.0 
! ! 

35 199.31 

Time • recorded in minutes and seconds. 
S.R •• Sweat lose in grams. 

B.D. = Balls dropped. 
R.T. = Rectal temperature~. 

- t 98.8 

35 98.8 

55 98.9 

50 198.9 

II 



1:1 

Climatic Day 8, Severe Test. (Double Run every hour) 

Subject 

Entry 
1 
2 
3 
4 
5 
6 

1st Hour 
1 
2 
3 
4 
5 
6 

2nd Hour 
1 
2 
3 
4 
5 
6 

3rd Hour 

Mean Dry Bulb 90.0 F. Mean Wet Bulb 80.1 F. Effective Temp. 81 F. 
Air movement 100 ft/min. (Baaic) 

POI 

Time D.B.; s.R.IR.T.iTime B.DJ 8~R.iR.'r. [Time D.B.T S.R.~H.'r.1T1me D.B. 
m.s. , m.s. 

I ,\99.8 I • 
I 3.57 32 j 3.27 

II 3.26 18 i I 3.31 
3.39 19; 1 3.32 

! 3. 27 7! I 3. 23 
! 3.11 3 1 I 3~35 I 3.36 11 j I 3.10 
i ,130 99.8 
i 3.35 18 I 3.45 I 3.52 27 I 3.27 

I 
3.45 22 1 3.25 
3.23 14 J 3.42 

I 3.25 6 i 3.15 I 3.31 9 I 3.38 
I 1145 99.8 
I 3.10 14 i 3.22 
I 3.32 26 I 3.21 
I 3.45 21 I 3.18 
I 3.12 13 j , 3.30 
! 3. 6 12 1 3.41 
'Ii 3.20 19 ~ : 3.12 

. 105 i99.5 
, . 
~ .- - ~-

r 
! -

231 
98.7 

m.s. 

4.19 16 
4. 6 13 
4. 1 14 
4. 2 15 

25 ! 
25l 
22 i 
21 l 
11 . 

33 
26 
23 
28 
18 I 

23 i 

;4. 6 8 
3.52 12 

90 98.9 
'3.57 15 
4.15 10 
3.57 8 
4.15 12 

'3.47 12 
3.51 6 

1m. s. 
99.3' 

:3.53 16 
'3.28 19 
3.38 9 
3.45 23 
3.33 21 

j 3.52 23 
55 :99.4, 

3.36 8 
3.48 18 
3.32 20 
3.25 9 
3.40 13 

\120 
271 

99.0, 95 
3.26 10 

; 99.7 

27 r 
20 ! 
30 ! 
26 i 

211 
i 125 . 

13.45 10 
'3.52 12 
,4.13 9 
!3.li4 6 
:3.51 9 
:3.40 10 

99.1 r , 
_, _l ___ ~_l 

! 3.44 20 

85 L~9.8 

3.20 12 
3.33 15 

.3.40 16 
3.20 9 
3.28 9 

Time = recorded in minutes and seconds. 
S.R. = Sweat lOBS in grams. 

B.D. = Balls dropped. 
o R.T. = Rectal temperature F. 

B 

S.l{~ R.T. 

98.3 

70 98.5 

105; 99.1 

105 99.3 



, 
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Climatic Day 9. Severe Test. (Double Run every hour) 
Mean Dry Bulb 100.OoF. Mean Wet Bulb 90.0~. 

Air movement 100 ft/min. 
Effective Temp. 91°F. 

(Basic) 

Subject 

Entry 
1 
2 
3 
4 
5 
6 

1st Hour 
1 

4 
5 
6 

2nd Hour 
1 
2 
3 
4 
5 
6 

3rd Hour 

1 

I 
I 
I 
! 
I 
I 
I 

---- -
P 0 I E 

Time B.D. s.R.1 R.T. Time D.B.! S.R" R.'f. Time B.D.: S.p.~ R.'i'. Time B.D~ S.h:!, R.'!'. 

m. s. m. s. m. S • I! I' ( 
- 99.1 ; - 99.0 - 99.5 j - 98.6 

3.51 32 3.31 28 ~ 4.14 9 20 I 
3.25 4 3.27 25. 4. 2 10 141 
3.40 6 ·3.2325· 3.312 121 
3.26 3 ·3.19 16 \3.47 10 5! 
3.35 ~13 ~2.51 8· 3.43 9 51 
3.31 5 -3. 7 14 13.59 11 10! 

310 99.3 1 300 99.4 216 99.8 215 98.9 
3. 8 7 ,3. 0 12 .3.59 12 11 

3.15 16 
3. 6 13 
3.11 6 

3. 8 1 
3.20 13 
3. 8 12 
3. 3 10 
3.16 20 
3.23 19 

I ;3.13 

I· ·3. 2 
·3.16 

275 I 99.8; 
i 3. 8 
, : 3.18 

265 .100.3 

3.32 
3. 7 
3. 0 
3.14 

23 
18 
20 

14 
16 
27 
20 
17 
24-

380 

350 

\3.37 
i 3.40 
13.36 

99. 81 

13 • 50 
'j3.48 
3.45 
3.58 

14. 3 
13.36 

99.81 , 
i 

3 
5 
6 

11 
9 

11 
9 

11 
8 

'3.31 
:3.32 
:3.38 

280 100.1! 
:3.47 
3.12 

;3.22 
:3.21 
!3.41 
:3.23 

265 :100.3; 

5 
a 
../ 

9, 
10 I 
171 

17 
5 

10 
15 
17. 
3: 

3401100.0 
I 

I 
I 

285'100.1 
.. ------

Time = recorded minutes Rnd seconds. 
S.R. = Sweat lOBS in grams. 

B.D. = B~11s dropped. 
H. T. = Rectal tA1rJpere.ture OF. 
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Consecuti vELRun Times of' the Subj ect bef'or-e, during anr't .t:lfter f.! PrE-longed 8t~un the_!,'le.=:.!. 
(Weiner & HutchinRon, 1945) 

Time in Reconas. A = mo~ing performance. r = P. f't e rn;) 0!1 r ::rfr)rry]p nee. 

c o~l1?~fore) 'q'f"'T 
...... ..., oJ gool (Af'ter) 

A· 950 p 80,3 p 661 
p 823 A 764 e 645 
a 815 p 756 p 610 
a 869 a 725 
p 794 p (1210)+ 
a 764 a 736 

a 638 
p 624 
a 596 

p 740 p 714 
A. 732 e 728 

p 631 
a 618 

.P 7~ p 698 
A. 714 a 721 

p 651 
a 637 

p 726 p 682 
a 678 a 705 

p 655 
a 614 

p 692 .P 613 
a 655 a 694 
p 723 .P 662 
B. 618 a 690 
p 656 p 655 
a 656 a 665 
.P 679 p 627 
a 655 e. 686 

p 656 
a 705 
p 642 
e. 634 
p 670 
a 698 

+ = phys1ct:'lly C-.-v.:r.Elusted. 



i 

m 
. ! 

APPiNDIX - Section B. 
I RIEl ta of PlIrlllitmeter Telt I 

PRACTIOB DAY 1 
Handle Load = 8 Iba. 

SUbject B L S N 

Attanpt Brror Pointer Brror Pointer Brror Pointer Brror Pointer 
Score Score Score Score Score Score Score Score 

1 168 92 183 162 168 108 173 113 
2 176 410 176 159 142 122 165 130 
3 178 125 190 161 162 120 152 100 
4 178 129 171 163 169 142 157 108 
5 178 135 162 159 156 109 162 102 
6 171 1~ 170 160 163 120 169 79 
7 174 157 162 160 163 117 172 130 
8 172 150 153 157 159 124 173 117 ! 

9 170 159 166 166 160 116 149 140 
10 167 149 167 148 161 101 157 162 
11 160 146 173 160 160 100 149 154 
12 160 146 170 153 154 90 152 143 
13 158 143 159 156 I 158 81 141 148 I 

14 155 138 171 160 160 62 155 130 , 

15 151 153 180 169 163 62 146 135 , 
I 

Palled 4 4 0 0 I 
Attempts , i ~~~~ • 
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PRACTIOE DAY 2 

Handle Load - 8 1ba. 

Subject J: L 8 N 

Att .. pt Brror Pointer :lrror Pointer li:l-ror Pointer Brror Pointer 
Score Score Score Score Score Score Score Score 

1 144 142 ! 145 167 152 85 135 152 
2 141 151 

! 
132 170 159 70 123 169 ! l , 

143 149 
I 

162 165 182 3 i 137 51 121 
! 

4 133 154 j 132 170 155 75 127 152 I , 
165 5 147 143 I 125 152 65 121 162 I 6 154 127 j 141 173 150 79 120 170 

7 138 147 i 142 168 148 125 129 180 I 

j 
8 139 155 

\ 
135 172 155 107 129 160 

9 142 151 130 163 158 90 129 159 1 
! 
{ 

169 164 96 10 149 144 ; 130 123 158 ! 
11 146 145 i 151 171 159 55 ! 122 159 

! I 
12 144 146 143 172 167 100 I 132 148 I 
13 142 154 i 150 170 172 179 I 126 168 
14 161 157 \ 132 172 167 126 ! 114 124 I 

160 155 t 159 172 166 111 136 176 15 ! 1 
Pal1e4 I I 0 , 0 0 0 A.tt_pta I I I J ~~-.. - - ~--- .. - l _._- --- -



..... - ... v- .. -
Att_pt Error Pointer 

Score Score 

1 160 146 

2 159 142 

3 150 152 

4 151 149 

5 148 153 
6 151 154 

7 152 154-
8 145 159 

9 150 162 

10 150 1~ 

11 llill 1 s;s; 

12 

n! 

PRACTICE DAY 3 
Handle Load • 16 1ba • 

-
~ror Pointer Error 
Score Score Score 

163 178 177 
162 178 170 
166 186 181 

159 180 I 181 
160 175 I 170 

163 187 I 168 , 
168 183 165 

165 182 179 
160 166 165 

173 187 160 
16~ 17~ I 172 

173 
177 

- .. 
Pointer Error Pointer 

Score Score Score 

160 153 126 

148 168 142 

170 166 131 
160 167 128 

138 163 141 
142 181 96 
131 174 138 
114 151 120 
107 1.50 130 
126 147 134 
113 157 119 
109 

i 
151 137 

82 1 S;~ 1~S; 13 
14 143 146 I 154 186 174 'Tf 142 140 
15 140 !4~ ___ J __ 18~ ___ 180 164 96 151 130 

Failed l-r 
Attempts 0 3 ! 5 1 

1 



0'11 -
PRAOTICB DAY 4 

Handle Load :I: 16 lb •• 

-~,...- ... -- - - ... 
Attempt Brror Pointer Brror Pointer Brror Pointer I Error Pointer 

Score Score Score SCore Score Score ! Score Score 
i 

155 162 166 186 161 142 
, 

149 150 1 , , , 
! I 

2 151 164 156 187 , 167 167 i 146 149 
l . 

3 147 163 161 194 170 170 i 146 160 1 

4 153 161 166 190 172 146 ! 145 145 
i 

5 144 162 162 179 157 110 146 156 
6 165 

, 
153 182 201 158 132 151 149 

~ 

7 137 168 175 196 160 120 137 170 
~ 

8 138 167 181 188 167 94 i 
; 

151 170 
9 144 164 195 188 , 165 125 , 

! 
160 164 

10 150 162 

I 
172 182 164 91 140 162 

11 147 163 189 183 172 117 160 147 
12 141 160 ! 179 195 174 133 152 162 

i 

144 161 I 185 13 
I 

185 164 123 
. 

150 158 
14 150 154 195 197 169 106 145 140 
15 134 158; 206 196 164 94 132 161 

~ ~~--- ----~ -----+----------t--------r-------~-. 
Failed I 0 8 0 ' 0 
Att_pte I 



nili 

PRACTIOB DAY 5 

Handle Load c 16 lb •• 

... -- ....... - - - - _ . 

Att_pt Error POinter Error Pointer I Error Pointer Error Pointer 
Score Score Score Score ! Score Seore Score Score , 

1 143 156 175 180 
I 

164 128 169 1SO 1 , 

2 143 159 174 185 i 162 130 155 163 
158 

t 
160 126 156 3 143 188 182 ! 145 

4 143 160 172 169 ; 153 127 160 174 l 

i 
5 140 161 170 149 t 153 130 166 137 ! 

6 139 161 174 163 ! 152 90 168 158 i 

7 139 167 169 162 I 156 104 152 174 
8 142 162 166 153 149 100 172 139 I 

9 137 166 ! 165 166 i 160 80 145 148 
10 140 166 I 181 172 163 89 

I 
176 134 

137 164 I 169 179 ! 152 101 146 142 11 I i 
166 

! 

12 136 156 183 
, 

154 104 I 150 122 i i , 
144 161 I 197 172 

! 

161 95 I 141 141 13 
, 

i i 1 
I I 

14 136 168 ! 170 168 i 168 86 I 152 140 , 
t I 

15 134 165 i 186 144 165 119 i 155 158 
i i 

I ! Failed ! 
0 4 i 0 1 AttllDpts i 

\ 



SUBJECT 

Entry 
Attempt 1 

2 
3 
4 
5 

1st Hour 
Attempt 6 

7 
8 
9 

10 
2nd Hour 
Attempt 11 

12 
13 
14 
15 

3rd Hour 

Failed 
Attempts 

ll! 

Climatic Da"y 1. Mean Dr.f Bulb = 85.11 oF. Mean Wet Bulb = 76.40oF. 
Effective Temll. = 77.0oF. Air movement 100 ft./min. 

(Basic) 

B L s N 

E.S. P.S.IS.R.IR.T.IB.S. P.S.I S.R.IR.T.IE.S. P.S.IS.R.IR.T.IE.S. P.S.IS.R.I R.T. 

139 163 
140 170 
133 165 
132 172 
136 172 

- I 98. 91 99. 7 
168 193 161 138 
156 185 156 116 
148 1751 151 102 
153 175 143 120 
1~ 164! 152 85 

50 98.8 1110 99.8 
128 168 151 170 I 152 84 
133 169 157 175 I 159 68 
128 174 158 180 I! 153 75 
134 170 163 184 204 210 

105 

98.9 

99.1 

153 157 
172 164 
149 159 
154 178 
153 149 

153 
1SO 
148 

! 1183 
I 144 

131 
131 
152 
140 
180 124 160 163 190 I 177 154 

45 98.6 I 95 99.8 80 
126 161 160 187; ,'156 136 

j98.9 
. 1!:D 170 

168 
161 

130 146 167 189; 167 154 
133 163 11163 197. 155 138 
122 155 152 182; '160 152 
126 1SO ; 183 204; 1171 139 

70 196.61 85 99.11 

I 151 
! 156 
! 150 
; 160 

75 ·98.7 

T 
o 1 I 2 1 

-'----

175 
158 

E. S. = error score. 
S.R. = sweat loss in grams. 

P.s. = pointer score. a 
R.T. = rectal temperature ,. 

I 99.1 

so I 98.8 

80 198.7 

I 
I j 

! 65 ! 98.5 



xx -
C1ims.tic Day 2. '.r .... -=-n Dry Bu'''' 8e:; ';)0°,., l'nj:\n u.,.,t ~u''''''' 77 31°"G' .1"..",_" ... • _i-' .,e -J ... ... •• ,,~- •• y .... ~ ..... u • .. • 

,. ir mo'rerr-cnt 180 f't/min. 
Effective Temp. 77.50F. 

(BBe1c) 

.. ~ [ ~ L" = --1-----8--- ... --.- N-··-·----··,·-
i i C.-- ,_. ", -- - - -r-r----

1 I R rl1 IE S P n S P 1)"" E Q P co S D '""J'T -,:;-0"'" P Ct S ,; R T ... .... •• • ... , ... -~ • .'- .... ..1.. ~ ..Je '...,. • o. • "['... -\.. • i ..... ;:). .':""l. • : ..... ..:.. •• 

. - .. . -.--,--,-----, 
98.8 ,99.5 1 99.1 98.6 

164 165 181 : 196 213 171 150 
166 190 200 : 186 171 '185 169 
168 ,I j 186 190 : 164 138 175 188 
161 ! : 156 190 ,160 130 ' 166 163 
167 ! I i 161 195 160 122172 176 , 

o 98. 5 / 100 99.1' 65 99.1; 70: 98.7 
At tarnpt 6 121 154 I I 140 192: i 143 136 152 160' 

7 134 162 I '1154 202 I 150 152 169 195 
8 126 163 I ! 158 196' 154 139 155 179 
9 125 157 I I 1157 206: '168 134 164 173 

10 125 154· I 1159 201! ,157 142 ,173 193" I 
2nd Hour j 75 'I 98.3' I 85 98.8: 90 .. 99.2 , 45! 98.6 
A t tempt 11 124 159 1151~ 204 : 164 161 157 156j 

12 117 157 ! !158 189: ;161 162 158 174! 
13 124 152 I ' ; 169 203: : 158 149 176 159; 
14 124 150 I 1162 199' 1169 149 166 1681 
15 127 144! I ; 173 190 i 150 133 150 1541 

3rd Hour I 65 i 98e11' 65 98.6\ ! 85 .. 99.1 ' 70 98.8 
I ! . ! 

Failed 0 ! 2 2 2 
Attempts , 

- --- .----~~ - -----.!. -- -------------- ---1 

E.S. = error score. P.s. = pointer Bcore. S.R. = sweat loss in grams. 
R. T. = rectal tempera.ture OF. 
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Climatic De.y 3. Mea.n Dry Bulb 95.07 of. Mep..n 'r-vet Bulb 85.01 of. ° Etfective Temp. 86 F. 

Subject 

Entry 
Attempt 1 

2 
3 
4 
5 

1st Hour 
Attempt 6 

7 
8 
9 

10 
2nd Hour 
Attempt 11 

12 
13 
14 
15 

3rd Hour 

Air movement 100 tt/rnin. (Basic) 

r -~E----l---- L ~ ---- S 
N 

, E.8. P.S. P.S. E.S. PeS. 1 S.U.; R.i'.·E.S:-P~S-~ S.H.,R.T. 
! 

99.3; i - 99.2 ,99.5: 98.8 
139 159 i '174 197 \ 169 169 216 163 
133 162 (169 193! 163 157 190 198 
135 158 ;175 199 i : 156 140 ,161 177 
125 160 i 168 201 I 161 131 ,158 188: 
131 155 j168 190 I 176 154 ~ 186 167 

160 199.11 220 99.4 150 99.31 160 ;99.4 
132 147 ! :163 201! 175 145 1156 177' 
127 150 i 1 ; 168 203 i 158 130 \ 158 194 
120 157 i ," ~166 196 1 174 135' '158 185, 
128 150! I : 165 196! 163 127 152 185' 
123 155 I I ,174 198: 165 133 , 146 178 ! 

! 160 98.91 i 215 99.4: 145 i 99.2 155 I' 99.4 
126 158 ! I ! 178 206 I 172 119 : 157 175 
122 152 I ! 165 184 I 168 134 i 140 153 
125 153 I 1158 187 1157 141 1158 173 

I 
127 155,' I ,: 155 161! 171 141, " i 171 194 II 

130 148 179 206 I 164 137. ! : 154 175 ' 
! 1150 ,98.8: 1 205 99.2 ;160 ;99.11 165 199.4 
L_~ ~ _~ __ 1.. __ _ ., __ L __ ' ~_,_~J_~__ ___ 1 

-~- ~-- ·--T------....-------
Failed 0 2 ::~ 3 
Attempts 

-- ------

E.S. = error score. P.S. = pointer Bcore. 
S.R. = sweat loss in grams. R.T. = rectal temperature OF. 
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Climatic Day 4. Mean Dry Bulb l05.02~. Mean Wet Bulb 94.96DF. ,Effective Temp. 960F. 
Air movement 100 f't/min. (Basic) 

Subject 

Entry 
Attempt 1 ,.. 

5 
1st Hour 
Attempt 6 

7 

I 
i 

8 ' 
9 I 

10 
2nd Hour 
Attempt 11 

12 
13 
14 
15 

3ro Hour 

I -
B L a I 

N 

E.S. P.S. S.R. R.T. E.S. P.S. s.R1 R.T. E.S. P.S.: S.RJ, R.T. EIS. P.S~ S.R.; R.T. 
i 

- 1 98.2 - 99.3 - i 98.7 - 98.7 
148 156 . 177 201 ,173 154- 187 181 , ." ~,...I. _ I .. 0 .. , "" .. 1188 180 170 187 i 

1185 165 i 188 167. 
1182 162 , 190 160 

143 152 i I 174 1841 ! 184 

I
t 4251 99.0 975 '100.0: 

140 160 . 178 . 190 'I 164 
144 157 I 175 182, 171 
150 152 I 167 189 179 
155 159 [ 176 187! 170 
IJ.,4 ISO I 176 199 I 177 

II' 505 101.3 1095100.9 
143 145. 174 178 178 

148 : 171 197 
; 340 99.3 615 . 99.9 

146 177 177 ' 
132 176 151 
135 163 151 
146 180 145 
140 ' 170 162 

, 425 100.4 755 1101.0 
146 172 160 

141 149 i ! 178 187 I 192 
140 146 I I 181 1711 166 
145 155; I 188 187! 196 
147 169 i 187 207 1 190 

i 345 102.2 I 810101.2 , ' 

159 170 158 
161 178 167 
156 181 165 
166 168 151 

345 101.4 550 ~01.6 
~_ - - - __________ - 1,-------.;;.. 

------,---~ ------------- --.. -.----~.---

Failed 
Attempts o 9 10 8 

----------------~------------------------------------------------~----------------------~-----------------------~ E.S. = error score. P.S. = pointer score. 
S.R. = sweet loss in grams. R.T. = rectal temperature OF. 
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Clime.tic Day 5. Mean Dry Bulb 90.130]'. Mean Wet Bulb 80.150]'. 
Air movement 100 tt/min. 

Effective Temp. 81Op. 
(Basic) 

Subject 

'w.TI +. '" 'U' 

.A. ttempt 6 
7 
8 
9 

10 
2nd Hour 
Attempt 11 

12 
13 
14 
15 

3rd Hour 

E L S I N 

E.S. P.S. S.R. R.T. E.S. P.S.; S.R.l R.T. E.S. P.S. S.H.. R.T.lE.S. P.S •. S.~{.; R.T • .. 

124 
128 
124 
130 
122 

-
! 

i 

1 125 
148 I 
160 I 
149 
153 
148 

99.1 - 99.2' - 98.8l, - 98.3 
170 200 176 180 ; 151 189 . 

158 180 162 157 j 140 181. 
154 174 157 160 1132 181 
162 184 166 176 : 134 184' 

i 150 190 I 167 146 .144 175' 
163 195 i 165 149 132 194: 

105198.5 '165 ,99.4 125 98.7: : 125 98.5 
131 150, 159 188, 153 162 '134 194; 
123 146 I I 159 191 177 192 ; 135 190; 
124 141 I I 153 196' 161 169 138 197' 
123 150! I 161 198 164 171 133 190' 
130 138! , 164 195 163 168 143 213. 

I 115 ! 98.6{ 110 ~ 99.2 110 98.8 ; 105 98.7 
__ 1 ___ ~ ____ ..l __ ~_ _ ~.~._~_. ____ ._~~_. __ _ __ _ __ . 

Failed 
Attempts 0 1 3 0 

E.S. = error score. P.S. = p(b1nter 8 core. 
S.R. = sweat 10s8 in grams. R.T. = rectal temperature OF. 

~ 



xx1T 
Climatic Day 6. Mean Dry Bulb lOO.06oF. Mean Wet Bulb 9O.04°F. Ef~ective Temp. 91Op. 

Air movement 100 :t't/min. (Basic) 

Subject 

Entry 
Attempt 1 

2 
3 
4 
5 

1st Hour 
Attempt 6 

7 
8 
9 

10 
2nd Hour 
Attempt 11 

12 
13 
14 
15 

3rd Hour, 

E L 8 N 

E.S. P.SJ S.R.I R.T.'E.S. P.S.! S.R.' R.T. E.S. P.S. S.R. R.'l'. 'E.S. P.S. S.R. R.T. 

142 
145 
148 
141 
143 

142 
140 
140 
136 
137 

132 
139 
132 
129 
136 

153 
152 
155 
153 
154 

151 
150 
150 ! 
1511 
150 

149 
149 
151 
154 ' 
162 ! 

98.4~ 
179 

1177 

I
' i 171 

179 
I :174 

250 I 98.4: 
176 

'167 
,180 
.197 

I .167 
210 I 98.71 

! ; 182 

I :i~' 
I 162 
; 165 , . 

180 .98.8; 

181 
201 
182 
170 
185 

390 
195 
192 
209 
218 
204 

360 
202 
212 
190 
202 
199 

290 

99.2 

99.6 

99.7 

99.8 

205 
191 
172 
166 
181 

162 
181 
191 
193 
195 

169 
177 
177 
189 
172 

200 
199 
185 . 
162 
169 

154-
182 
212 
182 
209 

178 
184 
175 
201 
190 

99.3 

270 99.4 

215 . 99.6 

20099.8 

178 
169 

.183 
170 
169 

169 
170 
150 
149 
156 

156 
154 
155 
159 
136 

203 
189 
175 
177 
178 

177 
156 
180 
172 
189 

170 
161 
186 
153 . 
166 

98.2 

240 98.6 

255 i 99.0 

235 ·99.2 

o 8 
Fei1ed -. 

2 10 
Attempts 

E.S. = error score. P.S. = pointer score. 
S.R. = sweat loss in grAms. R.T. = rect81 temperature OF. 



.!!!: 

Climatic Dal 1. lIean DrJ' Bulb 86.1001'. Kean Wet Bulb 78.03OF. 
Bttective Temp. 78.5Pp. Air movement 100 tt./min. 

(Baaic) 

SJBJECT B L S N 

B. B. P.8. B.R. R.T. B. S. P.a. S.R. R.T. B. B. P. S. S.R. R.T. E.S. P.S. S.R. R.T. 
I 

lCDt17 - 99.0 - 99.4 - 99.1 - 98.6 
Att .. pt 1 123 158 165 193 183 190 145 193 

2 125 165 147 203 168 200 139 184 
3 122 169 165 203 189 194 120 185 
4 120 164 160 203 188 193 129 169 
5 112 167 163 202 182 195 118 191 

1at Bour 90 98.8 75 99.1 80 99.1 50 99.0 
Att_pt 6 118 159 153 213 175 195 126 176 

7 125 157 175 216 161 189 128 188 
8 117 157 175 209 170 183 130 170 
9 119 162 175 235 168 192 125 186 

10 116 157 151 213 164 191 113 179 
2nd Hour 70 98.7 65 99.1 100 98.9 70 99.2 J 

Attempt 11 120 152 160 217 157 174 129 184 
12 115 151 163 210 162 189 126 178 
13 118 160 176 223 156 184 113 174 
14 121 154 168 202 168 189 122 184 i 

15 127 151 154- 202 I 148 174 I 113 176 . , 
95 199.2 I 75 3rd Hour 70 98.5 l 95 98.9 99.3 

i I • 
Failed 0 1 4 1 0 
Att.:pta , J 

L S. ;II error score. P.s. = ~nter score. 
S.R •• 8weat 1088 in grams. R. T. = rectal tsoperature OF. 



8&lb~.ct 

BDtr7 
II.B,ag. 

• 
• 

l,'t Hour 

M."ag. 
• 
• 

2nd Hour 
M."ag. 

• 
• 

un 
mmmIX Stct10n C. 

I •• glt, ot Mor,. Cod' ilcrption T.,t. 

I,M 1. M.an Dry Bulb 90.0101'. 
. Btf'ectiY' 'f_p. 810 1'. 

(Bas1o) 

B,p. Ok. 

lI.an W.t Bulb 80.060)'. 
Air .oy_ant 100 t't./min • 

a-. I 081. 

Brror. I S.L I LT. I Brror, , S.L I R.!. I Krroral 8.R. I R.T. I Brror. I S.R. I LT. 

1 

o 
3 

2 

o 
1 

2 

4 
6 

-

75 

1165 

99.6 

99.6 

99.4 

7 
2 

o 

6 
2 

9 

-

125 

99.0 I 

! 
t 

99.5 I 

I 
1 

1155 99.4 

8 
2 

2 

8 

7 
2 

6 
2 

1 

- I 99.2 

85 

I 
! 100 
[ 

1 

99.2 

. I 
I I I 99.1 i 

i ' \ I 
t 
! 

1 i 
U I 
10 ! , : t 

10 

15 
5 

4 
7 
6 

5 
11 
20 

- I 99.1 

140 I 99.4 

I 
I 

160 I 99.2 

I 
I • 

3rd-Hoar 110 99.4 155 99.4 ! 100 99.4 i I 155 i 99.1 oJ 

lI.slagel 
Incorrect 1 5 

S.R. ••• eat 10 •• (graDs). 

4 8 

R.T •• rec'tal 'temp. OF. 



W.elt 1. 

SU,b3·et Oag. 

Brrora 8.R. 

BDt17 -
Message 1 I • 0 I 

II 0 
; 
I 
! , 

1at Hour B5 

Message 1 

• 1 

• 3 
2nd· Hour 95 
Message 3 .. 4 

II i 0 , 

XXT11 

Mean DrJ' Bulb 90. O~F. 
Bt.r.ct1ve t~. B1oP. 

(Baa1c) 

OltH. 

R.T. Brrora 8. R. ! R. '1'. 

99.5 
4 

I 3 
I 4 I 
I 

99.21 
I 
I 3 I 
I 

i 1 
I I I 4 J ! 
! , 

i 99.1 : I 
J , , 

5 I 
! , 

0 
! 

1 i 
• 

! 
i , 
! 
! , 
I 
J 

Mean W.t Bulb BO.18<>F. 
Air movement 100 f't./m1n. 

Ca1. 

Brrora S.ll. R.T. Errors 

- 99.1 
B 2 

5 I 0 I 

0 I 0 

115 I 99.6 
9 I I I 0 

4 I ! • 2 

I ! 7 2 
I t 
1134 : 99.3

1 
5 I : 0 I 1 

I ; 
14 J 0 I ! 

9 B 

Eg. 

S.R. ! R.T. 

- i 99.2 
i 

I 
I 
! 

175 I 99.1 

I 
I 

160 I 9B.8 
I 
i 
I 
! 
I 

i 

! 
3rd Hour 105 99.0' 150 99.6 105 99.0 I 130 I 9B.9 

Mesaages 
IDcorrect o 1 

S.R. • sweat 10S8 (grama). 

7 1 

R.T. = rectal temp. oP. 



Sabject 

Entr7 
M.ssage 

It 

It 

lat Hour 

Message 
tt 

II 

2nd Hour 

Message 

" 
It 

\!t!k 2. 

~ 

Mean Dr7 Bulb 105.0201'. 
Btfecti'Ve T_p. 9601'. 

(Basic) 

Mean Wet Bulb 94.980 F. 
Air DIO'Vement 100 ft./min. 

,- ----- ----

I Bp. Ok. Br. 081. 

Errors I S.R.; R.T. Brrora!s.R.,i R.T.! Brl'Orsl 8~it R.T. Errore S.R. 
, ~ I 

5 
5 

15 

1 

2 

4 

565 ! 100.0 

10 

19 
6 

7 

475 100.5 

; 

5 

5 
I 2 
i 
I 25 I 

510 100.7, 

12 

18 
10 

9 

; 760 

R.T. 

99.6 

100.6 

525 -101.5 · 675 
I 

101.4 I 
I 

660' 101.6 870 i 101.3 
11 

21 

14 

13 

9 
7 

I 4 
13 

5 

13 
6 

5 

! 

, 
I 

3r4 Hour 385 ; 102.4 : 535 ' 101.8 570 102.0 - 745 ; 101.7 ---<I....-.._--.---L _______ --' __ --.-.;, ___ -'--_______ ---.,;. __ ........... ___ _ 

Messag.. 6 7 6 9 
Incorrect; 

S.R •• sweat 10a8 (gr ... ). R.T •• rectal temp. 01'. 



8l1bject 

Bnt17 
lIe.sage .. 

.. 
1st Hour 
Message .. 

.. 
2nd Hour 

Me.sage 
II 

",k 2. 

KITor. 

4 
1 

5 

2 

o 
1 

1 

Oq. 

S.2. 

490 

640 

.S! 

Mean DI7 Bulb 105.060 1'. 
Btfect1ve T_p. 960 1'. 

(Baa1c) 

i 
I 
i 

Okek. 

2. T. lb'ror. S.R. R.T. 

98.4 J 
! 

i 
I 
I 
I 99.5j 

I 
I 

I 
( 

100.6 

4 
5 
4 

8 
1 

5 

4 

99.2 

625 : 100.2 

835 101.3: 

Mean Wet B~b 95.020 1'. 
Air IDOvement 100 f't./m1n. 

Brror. 

4 
7 
1 

7 
1 

3 

11 

Ca1. 

S.2. R.T. 

- 99.0 I 

I 
i 
1 

585 100.6 1 
i 

I 
760 1101.6 ; 

Error. 

6 

4 
2 

3 
4 
2 

7 
102 

II 3 2 3 
2 

3 I 

Bs. 

s.R.i R.T. . 
99.6 

585 1100.7 

655 1101.6 

3r4 Hour 485 i 101.4; 640: 102.0· 605: 102.1 I 
. 1 ___ ..... ___ L-_____ ~ 

I 510 102.0 
Me.aage. I ~-- ----
Incorrect I 1 3 3 2 

i 

S.R •• aweat loa. (grams). R.T. -= rectal t_P. OF. 



leek 2. 

Btl 

Mean Dry Bulb 105.030 P. 
Bt'fective Temp. 96°)'. 

(Basic) 

Mean Wet Bulb 95.06~. 
Air movement 100 t't./min. 

Sub3ect X.. Ob. lib. I •• 

Errore S.Re R.T. Brrors 8.R. R.T. Krrors S.R. R.T. Errors S.R.I R.T. 

KDtr7 - 99.2 - 99.2 - 99.8 - I 99.3 
I 

.e8sage 4 2l 11 2! 

• 0 39 I 34 ! 1 

• 1 I 41 I 16 '. 0 I I 
1st Hour 600 ,100.4 425 1100.7 400 1100.8 950 100.5 

.e88age 2 42! 18 I 1 
• 1 20 i 8 i 3 I i 

U 1 I 37 I 20 I 2 i 

2nd Hotlr 7251101.4 310 ; 102.1 435 1 101•6 750 ! 101.3 I 

Me •• age 0 i 39 20 ,'2 i 
I " 

• 0 I 45 "' 13 i 4 I I " 
• 0 ! 13 I : I 3 ! 3 : 

3rd Hour I 530 ; 101.9 : 225 .103.31 ! 385: 102.0 I I 590 '102.1 

Meeeage. 0 9 ! 8 ; 0 
Incorrect j' 

S.R •••• eat 108. (grams). R.T. = recial temp. OPe 



8ub~.ct 

Bnt17 
1I.8aag. 

It 

It 

1st Hour 

M.8sag. .. 
.. 

2nd-Hour 

M.asag. .. 
.. 

Wlek 3. 

xxXii 

Mean Dr7 Bulb 84.6oP. 
Btr eo tiye T_p. 76Op. 

(Baaic) 

M.an W.t Bulb 75.4SOp. 
Air .,yetDent 100 :tt./m1ll. 

~. Ok. Br. O.i. 

:Srrora I S. R. T R. T. I Brrora I S. R. I R. T. I Brrora I S. R. I R. '1'. I Error. , S. R. I R. T. 
1 

2 

2 

o 

3 
o 
3 

I 

- i 

75 

98.8 

98•6 \ 
I 

2 

3 
3 

7 

- 98.8 
1 

5 
o 

2 

1 

3 

6 
8 
1 

I 

I 35 
I 

! 45 
I 

99.0 

I ' 
98.81 

, I 
I 98.81 

I 
i 

45 1 98.8 

17 
4 
o 

2 

2 

8 

6 
o 

14 

I 
f 
! , 

-

! 95 
i 
I 
i 

95 

105 

I 98.8 

I 

99.3 

I 99.5 

I 
! 

99.5 

•• 8sag.a 1 6 3 
Incorrect, 4 

----.----

S.ll. .... at 108. (grame). R. T. = rectal temp. Op. 



Subject 

BDtr7 
Ueasage .. 

It 

1st Hour 

lIessage 
It 

.. 
2ndHour 

Me.sage 
II 

.. 
3rd-Hour 

, .. k 3. 

Oag. 

xxxiii 

Mean Dr7 Bulb 85.0~. 
Btt'ective Temp. 760 P. 

(Ba.ic) 

Okek. 

Mean We" Bulb 75.0~. 
Air moy .... at 100 :tt./min. 

Cai. Kg. 

Brrore I S.LI R.T.I Erroral S.R.I R.T. I Brrora IB.R. 1 R.T. I ErroraIS.R.1 R.T. 

o 
2 
o 

3 
o 
1 

2 

4 
1 

- 98.9 

35 98.7 

45 98.7 

40 98.8 

3 
1 

2 

1 

o 
1 

99.3 

65 99.6 

o 
o 
1 

2 

3 
9 

80 

99.0 

99.1 

5 
1 

o 

o 
o 
1 

99.3 

80 99.3 

100 99.6 11109 99.0 I 105 99.0 
2 II . 0 

2 4 I I 1 

1 12 I I 0 

85 99.2 I ; 69 9~_._~ 95 98.7 

lIeasage. I 0 0 3 1 
Incorrect , 

S. R. .c sweat 108s (grams). R. T •• rectal t_P. Op. 
1 



Sub3eet 

BDtr7 

Message 
II 

II 

1st Hour 
Message .. 

.. 
2nd Hour 
Message .. 

II 

3rd'Hour 

M •• eage. 
Incorrect 

"ek 3. 

"w. 

Brrora S.R. 

-
0 

0 
0 

70 
2 
0 
0 

80 
1 
1 

0 
95 

0 

xxny 

lIean Dr,. Bulb 84.960,.. 
Bttee~ive Temp. 760 P. 

(Baaie) 

Ob. 

ReT. Brrors LR. R.T. 

99.1 - 99.2 
34 
28 
7 

98.9 85 99.5 
11 
37 
48 

99.0 80 99.4 
52 
5 

29 . 
i 

95 ! 99.2 98.8 I 
I 

9 

S.R •• sw.at 10s8 (grams). 

, 

Mean We~ Bul.b 75.18Op. 
Air IBOT ... nt 100 tt./lDin. 

lib. 

Error. B.B.. R.T. Errors 

- 99.4 
12 0 

9 2 
16 0 

40 99.2 
4 0 

27 1 
26 0 

50 99.2 

37 0 

3 1 
29 I 2 

I 

i 70 99.1 I , , 

7 ! 0 . 
R.T. - rectal temp. OPe 

Iw. 

S.R. ReT. 

- 98.8 

100 98.8 ; 

t :r:' 

I 
110 198.7 

I 

I 
I I , I 

,j 98.6 90 
• ~ 

i, 

ii; 
:i 



Week 4. 

laD -
Mean Dry Bulb 95.16°F. 
ICrtectlTe Temil_ 860)'. 

(Baalc) 

Mean Wet Bulb 85.04°p. 
Air moTement 100 tt./Mln. 

, 

\ 

8ub~ect lip. Ok. lIr. 08g.:, 

lIrror 8 S.2. 2. T. Brror8 S.2. R. If. Brrora 8. R. R. T. lIrror a S. R. R. T II 
Bntry - 98.8 - 98.8 - ! 99.6 - 99.0 i! 
lIeaaage 0 .3 I 0 I I 0 II 

• 0 1 I 2 I i.3 II 
II 4 1! 7 I" I 1 ~i 

I I 
let-Hour 215 98.8 150 I 99.1 1105 j 99.6 130 99.0 

I ,I 

lIessage 2 15 I 4 I I 4 ! 

II 7 8! 1 l! 0 
I I' II 0 12 0 I 0 ! 

i 

2nd Hour 225 98.8 185 99.2 I 130 i 99.8 155 99.0 \ 
I ' 

lIesaage 5 7 3 I 1 2 
II 0 19 1.:.3 

I \ 

II 10 I 19 I I 5 I I .3 I I 

3rd Hour I 198 98.8 I 175 99.3 \140 I 99.9 145 l 99.0 \ 
---------+------~----~--_r----~----------r_----~--~----~----~----~-------, 

~ 

Meaaages.3 I 6 2 I 0 ' 
Incorrect ! I I 1 ------'------------------.....;..·_-------_·_---------1 

S.R •• eweat loss (grams). R.T •• rectal tamp. OF. 
, 



SL1bject 

Bntr.y 
Message 

• 
• 

latHour 
)(8s8age 

• 
• 

2nd Hour 
M.aaage 

• 
• 

3rd Hour 

Mesaage. 
Incorrect 

Week 4. 

0.1. 

Brrora S.R. 

-
21 

3 
7 

170 

4 
2 

10 

215 

7 
8 

5 
I 190 

6 

xxxv 1 

lIean Dry Bulb 95.06Op. 
Btrect1Ye T818,p. 86Op. 

(Ba.1c) 

Okek. 

ll.!. Brrora S.R. R.T. 

98.9 - 99.3 
3 
3 
4 

99.6 185 99.5 
2 

1 

0 

99.8 215 99.8 
1 

0 

/225 I 99.6 

0 

99.7 

0 
! 
I 

S.R ••• weat 1088 (grame). 

\ 

Mean Wet Bulb 84.9,op. 
Ail' movement 100 tt. /m1n. 

Cai. Kg. 

Brrora S.R. R. ~. Errors S.R. 

- 98.6 -
7 0 
0 0 

3 0 
165 98.9 200 

22 7 
0 0 
1 0 

180 I 98.9 200 

5 1 , 
13 

I 0 I i 
I 

1185 1 
3 1175; 98.8 

3 

i I 

4 1 
I 

R.T •• rectal temp. OPe 

R. 'f. 

100.1 

100.0 

99.5 

99.4 



SUbject 

Bntr.v 

Messsge .. 
.. 

18t Hour 
Message .. 

• 
2nd-Hour 
M.8sage .. 

• 
3rd-Hour 

Message8 
Incorrect 

Wlek 4. 

Ifw. 

Krrors S.R. 

-
0 

1 
0 

125 
1 
1 
0 

175 
:5 
0 

0 

145 

0 

xxxvii 

Mean Dr.v Bulb 95.020P. 
Btt'ec1;1T, T.mp. 860J1. 

(Basic) 

Ob. 

R.T. Brrora S.R. R.T. 

99.0 - 99.2 
72 

9 
49 

99.1 175 99.6 
33 I 
35 I ! 

I 7 I I i . 
i 99.2 I 230 : 99.6 
l 

' . , 
! 11 ! , 
! 

28 I 
, 
, 

I I 
I I 34 
! 99.0 ! 

, 
205 99.4 

i i 

I 9 I 

S.R. - sw.at 108. (gram.). 

Mean Wet Blllb 84.98°1'. 
Air movement 100 f't./m1n. 

Mb. 

Errors S.R. R.!. Error8 

- 99.8 
8 0 
0 0 

4 0 

120 99.8 
6 1 
5 1 

17 2 

Iw. 

S.R. 

-

255 

150 99.8 ! 220 
13 2 1 

22 0 

I I 24 0 
\ 

R.T. 

99.0 

99.1 

98.9 

I I 

1 155 
I 
I 99.6 I 200 J 98.8 ! 

7 I 0 ! 

R.I'. = rectal temp. of. 



Subject 

Bntry 
Message 

II 

It 

1st Hour 
Message 

II 

.. 
2nd Hour 
Message .. 

II 

3rd Hour 

Measages 
Incorrect 

Week 5. 

Ep. 

Brror. S.R. 

-
2 
1 
1 

305 
0 

1 

3 
320 

10 
7 
4 

325 

2 

XXXY111 

Mean Dry Bulb 100.0~p. 
Bt.tect1ve t~P. 9101'. 

(Ba.1c) 

Ok. 

R.T. Error. S.R. R.T. 

99.4 - 99.1 
5 
0 

3 
99.7 275 99.4 

2 
4 

14 
99.6 300 99.8 

11 

19 

199.7 
9 

290 100.0 
I 

I 5 
- - - -

S.R •• sweat loss (grams). 

, 

Mean Wet Bulb 90.0~p. 
Air movement 100 ft./m1n. 

Br. Os1. 

Error. S.R. R.'!'. Error. S.R. 

- 99.2 -
0 18 
1 4 
7 10 

240 99.3 315 
2 3 
2 15 
1 7 

265 99.7 320 
1 8 
7 I 4 

I 1 5 

R.T. 

99.2 

99.6 

99.6 
I 
I 

I 
I 
! 

I 275 99.9 
I i 
i 310 l 99.5 

2 i 
I 

6 
• 

R.T. = rectal temp. 01'. 



Week 5. 

xxx i.-

Mean Dr7 Bulb 100.01oF. 
Ittective tanp. 91oP. 

(Basic) 

Mean wet Bulb 89. 990 P. 
Air movement 100 ft./min. 

Sub3ect Osg. Okek. Mb. Kg. 

Errors S.R. R.T. Brrors B.R. R.~. Errors 8.R. R.T. Errora S.R. R.T. 

:lDtr;y - 99.4 - 99.4 - 99.4 - 99.8 
Meaaage 0 0 16 I 2 

It 0 1 3 I 0 

• 0 1 10 0 
1at Hour 225 99.7 310 99.8 195 99.9 290 100.0 
Measag. 3 1 4 I 1 

• 4 0 9 I I 0 

• 10 5 12 I I 1 
2nd Hour 280 99.8 315 99.9 265 1100.2 330 100.0 

M.ssag. 0 2 12! I 2 

• 2 91 6 I! 1 I 
• 4 1 I 10! i 2 ! 

, !! I I 
3r4'Hour 1 250 100.2 ! JOO 100.1 ~ 260 : 100.3 ! 315 I 99.9 

lIeasage. 1 2 7 ; 0 
Incorrec til 

--- - . 
S.R •• s.eat 1088 (grams). R.T. = rectal tamp.op. 



SUb~ect 

Entl7 
Message 

• 
" 

1st Hour 
Message 

" 
" 

2nd Hour 
Message 

If 

.. 
3rd Hour 

U.aaaa •• i 

Week 5. 

Nw. 

Errors S.R. 

-
1 

1 

5 
255 

2 
0 

0 

245 
1 
1 
1 

205 

~ 

.!! 

Mean Dry Bu.lb l00.08oF. 
Btfective temp. 91oP. 

(Baaic) 

Ob. 

R.T. Errors s.R.l R~T. 
99.4 - I 99.0 

61 I I i 
11 I 

I 

50 I 
\ 

1
265 

I 

99.5 I 99.5 
16 
18 I 51 

! 

99.8 1270 I 99.8 
32 I I 

; I 

32 j I 

; I I 
13 

99.6 ' 245 1100.0 

9 

S.R. = sweat loss (grams). 

Mean Wet Bulb 9O.030 F. 
Air movement 100 ft./min. 

Oai. 

Errors S.R. R.T. Errors 

- 99.2 
2 0 

2 0 

19 1 

315 99.5 
24 1 

25 0 
15 

1315 

1 
99.6 

I 
5 I 2 

I 
5 

i 1 I 
19 I 1 

lw. 

S. R. 

-

325 

300 

335 ! 99.3 ~ 270 
• 

7 0 
-_._------

R.T. = rectal temp.oF. 

R.T. 

99.5 

99.8 

100.0 

I 
99.9 


