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ABSTRACT 

A review of the literature, including quantitative re-evaluation 

of published results, indicated that an examination of the working 

environment p.wvided by operating theatres should rely primarily upon 

subjective responses, and that such responses should be obtained from a 

large number of different subjects under actual working conditions in 

order to increase the validity of the findings. For practical purposes, 

measurements of physiological reactions and of performance were reduced 

to a secondary, confirmatory role. 

Accordingly, visits were made to over thirty operating suites in 

the British Isles, representing a wide range of designs and conditions. 

Each suite was visited three times at appreminately four month intervals, 

and  observations were made during an average of five half-day working 

sessions on each occasion. Using special instrumentation, measurements 

of air temperature, humidity, air velocity and thermal radiation were 

made, and many details of the suite, of the work being performed and of 

the subjects themselves were recorded. At convenient intervals, surgeons 

and operating theatre staff were interviewed briefly. The st,,ndard form 

of interview included Bedford's seven-point thermal seal?, and visible:  

perspiration was also noted. Over 2,500 such interviews were carried 

out. On a reduced sample, quantitative measurements of skin tempera-

ture and of local sweat-rate were obtained. 

Using sequential multiple regression analysis, the effect of the 

measured variables on comfort and on bodily responses was determined. 

Air temperature was by far the most important variable; the effects 
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of all other measured variables were small. Consistont differences 

between the temperatures preforrod by surgeons nn4 anaesthetists were 

found. The variation of response betueen occasions for the same 

person was found to be almost as groat as the variation between people. 

Response distributions for standard conditions were prepared. The 

perception, of individual parameters of the working eavirormont was 

investigated. A pilot study of manual performance was carried out. 
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1. Historical bockrround of environmental meaeurements.  

Sa.n can live and work in at-bra-see of climate, from the polar regAons 

to the Equator, but ha alwoye boon conscious of the advantages of en 

equable thermal environment. In primitive cemmunitiee, it is the external 

climate that must be endured for the creator part of the time, and the 

lon,-tern effects may be considerable. Biepocrateelaid that cli-ato has 

great effects on the physique, intelligence and temper of peoples. The 

inhabitants of hot stifling regions, ho said, are small and not noted for 

their qualities of bravery or endurance, while a temperate climate 

produces men of better physique, the variable nature of their environment 

brincing out also their hijaer mental qualities. Thisbelief, being 

difficult to disprove, has survived. A modern climatoloEiet Leo (1358). 

puts it dovri to a psychological bias in its proponents, most of thom have 

always lived in a variable, telperate cliiate. Whatever the effects of 

external climate nay have been in antiquity, and ni r still be in the study 

of anthropology, they now play a decreasing part a.n man/ s experience, 

since the greater part of the unit on nhich a civilized society depends, 

is done indoors.  The thermal environment can thus to a large =tont be 

under man's control, and an understanding of its effects is essential for 

the efficient prevision of adequate verhinr-  conditions. irriting more than 

a century arp, D.E. Reid (2844) held that defective ventilation was 

responsible for a Greater aaount of evil than any other Dingle =lee, 

eave only 'mental anziety and 'deficient nutriment' The advanced 

civilizations of today have succeeded only in providing more adequate 
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nutriment for their citizens, who must still suffer under the remaining 

two evils, probably to a greater extent than before. Increased 

inc 	mcorel that a far greater proportion of people now 

work in a thermal environment that is not under their individual control—
in maw cases it is not under anyone's control, and when it is, little 
undovoIandinG =iota of the combinod effects of the sovoral thormal 

parameters, or of their optimum levels. 

In 1714, with Fahrenheitlo definition of a satisfactory thermometric 

scale, the first measurement* of thermal ermironment became possible. 

Two centuries were to pass before it became common for measurements to 

be made for practical purposes as opposed to intellectual curiosity. 

Ellis (1750 made measureaents of temperature in many parts of the world, 

and was struck by the Tact that a given temperature was much more 

disagreeable in moist cWiiats than in dry. He was probably one of 

the first to realise that factors other than temperature can play a 

largo part in causing thermal strains Blagden (1775) performed hot.rool 

=aliments which confirmed the different physiological effects of moist 

and dry air, but the science of hygmaetry was only placed on a firm 

basis by the midcle of the next century. The present form of instrument 

in common use is the whirling hygrometer, which provides a reliable 

measure of wet and dry bulb temperature from which the relative humidity 

can be obtained by means of tablea. Leslie (1804) described experiments 

on the cooling effect of wind, and devised a larce.bulbed thermometer whose 

cooling time was very dependent on the winavelocity, for use as an. 

anermaeter. A similar instrument, the kata thermometer, has reverted 
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to this use after being proposed as a measure of warnth by Sir Leonard 

Hill (1914)2  anJ is in fact the standard method used today by encrimeers 

for measurements of undirected air velocity in open spaces. The influence 

of radiant heat on the thermal equilibrium of the body is a matter of 

common observation. The sunls heat is readily perceptible, anamost 

donestic homtin in Britain relics on radiant heatirks of various hinds. 

Vet mtil 1078, with the enunciation of Stefants law, vas any quantitative 

understanding of radiation en..chan:, achieved, and the measurement of 

radiant heat is Still troublesome. Bedford rr-  tarnor (1954) used 

doll thermopile for direct =aeurement, but it is tedious to use and 

involves maw observations, r n on it unsuitable for non-uniform 

environments. Vernon (1930; 1932) had introduced the Globe thermometer 

as a means of assessing the influence of radiation,  on comfort,. amd Bedford 

and Varner related its readings to the mean radiant temperature, which 

may be defined as the equilibrium temperature attained by a perfc ly 

black body enchant ,inL; heat with its surroundinep by radiation alone. 

2, Historical packp,round of onvironlental stress indices.  

Thus by the latter part; of the nineteenth century the means vcro 

available for the exact quantitative eValuation of the four main parameters 

of the thermal environments no attempt vas made to estimate their relative 

importance, still loss to combine them into sone unified index of thermal, 

stress (sec footnote). The reason for this seems to have been partly the 

Footnote. Throujaout this thesis a distinction. will be made between 

measures of stress, such as temperature, humidity, radiation, work 

load and rate of working, and measuresof strain, cutl as body temperature, 
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Footnote (Continued) skin temperature, sweat rate and subjective 

reports of discomfort. Composite indices of the 	st cos era 

now usually derived by considering measures of thermal strain. 

This vas not always the case. 

Groat gulf between academic investigation and the more mundane apolica-

tions of its results, a gulf which is still, to the detriment of both 

sides, very much in evidence; and partly the belief, very prevalent 

throughout the nineteenth century, that the deleterious effects of en 

unpleasant indoor environment wore due to some other property of the 

air. Lavoieier is reported by Leblanc (1842) to have examined the 

co.ipooition of the air in crowded rooms, and to have pronounced towards 
the and of the previous century that en excess of carbon dimd.de was 

responsible for the unpleasant effects. That this was a classic case 

of association and not ca. se, was first demonstrated in 1;14, although 

a rival theory of an exhaled toxic organic substance . enthropotoxin 

enjoyed extended popularity from 1862, when it was proposed by 

Pettenkofer, to 1914, when it was finally disproved by he work of 

Sir Leonard Hill, who was also responsible for the demise of the carbon 

dioxide theory. 

A further =aeon for the failure of nineteenth century scientists 

to devise ally coAprehensive indices of thermal stress may have been their 

'o-occupation with determinism and consequent disinterest in any such 
variable phenomenon a man's resronze to heat, still less in somethins 

so esoteric as G feeling of comfort or wo11.bein5, Winer (1897) 

realzed that the feeling of comfort is in many people obtuse, undeveloped 
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cn variable, and advised against placing any reliance upon it. It is 

unfortunate that the psycho.physicist Gustav Peohnor was workins in 

other fieldel  for he developed hijily sophisticated methods of dealing 

with subjective rosponso as ear ac 1060, cad it is in fact (rani some of 

bin work that the method of probit analysis hes been developed (Pinney, 

1947). The most promising advances in dealing with subjective response 

to heat have made use of this,statistical technique and use is made of 

the method in the next section of this theeie* 

All early atteants to produce en indbz of thermal stress circumvented 

the unpredictability of human reactions by ignoring them and socking for 

what would now be termed an laraloe0  device* As early as 1326 Beberdan 

took the wind.sensitive thermometer of Leslie as an index of 'sensible 

cold', realising; that it combined the cooling effects of temperature and 

air movement in a single figure. Haldane (1205) recoamended the wet.-bulb 

tamporaturo as an indcm of playsiological stress in the hot, humid. Cornish 

mines with which he we  concerned, because it combined the offectsof 

temperature and humidity* Sir Leonard Rill's Ketathermometer, introduced 

about 1914, had the refinement that it measured the 'cooling power' of 

the air over a rance approximating to body tempemature (100*95°F,), While 

Dufton's cupatbeoscope introduced in 1932 and refined in 1936, was an 

internally heated black cylinder on legs, whose surface temperature 

approximated to that of the clothed human body. In spite of those 

evolutionary developments, which made each succeeding device more 

complicated to use and thus defeated pr`r ocsivo3,y one of the original 

purposes of a single-ficure indm, they all combined the effects of the 
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environnontal parmeters in their otn idiosyncratic ray, pnirmtahing 

research made it possiblo to predict the readin3 of each device from 

c. %nay:ledge of the relevant thermal parameters, and they yore all solf-. 

consistent, but it uas "adually realised that they rem only artefacts, 

and bore little resemblance to human reaction. Further, they could 

measure only the inte!pated effect of the thermal parameters on heat 

balance, and it van still necessary to measure separately each factor in 

order to set limits upon its permissible variations. At a Given reading 

on one of these 'heat stress analogs', ride variations of comfort and 

even of heat balance re= possible, Human reactions may be -perverse 

and divergent, but they axe individually meaningful. Each experimental 

subject is an unchallongeable authority en chat is for him comfortable 

or tolerable, and can perceive individually as well as integrate the 

offects of the separate parameters of his environment 

In vier of this it is perhaps roman:able that one of the first 

attompta to use human subjects as indices of varnth has boon so success. 

ful, for they yore used strictly es instruments for the comparison of 

pairs of etwironaents. Hou6hton and Yazloglou (1923, 1924) and Yagloglou 

and Miller (1925) rorked rith trained subjects, Inviting thm to state 

rhother a Avon environment Gave rise to a sensation of rarmth greater 

than or less than that evoked by another they had lea just previously, 

This technique of 'paired comparisons,  vas and is mueh used by eaperi. 

mental psychologists to derive a ranking order in subject matter there 

no coaled measureaent is possible snd rhere no absolute roforenoo point 

is available, as for enanplo in experimental aesthetics. In the Lie Jz 
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of thermal comfort sabjecte have their own body temperature as a reference 

point, vhiCh is very fortunately standardized between people, and can 

ma%e a scaled estimate of the macpitude of their err bodily reactions' 

It vas there2ore unduly peoei2istic to treat thermal comfort as if it vox° 

so esoteric a sensation as coIeur preference, and more recent work has 

not ta%en this vier. From this and subsequent roe,: the Effective Temperature 

Scale vas derived, specifying any c.von conbination of temperature, humidity 

and air velocity by the temperature of still, saturated air that rould 

eve/co the same sensation of tnrmth. Tho Basic Scale VCO derived for 

subjects stripped to the vast and the Normal Scale for lichtly e3othed 

subjects* In its final form this /nia.T. has boon vidolp used, eaininc 

imaennely in value by its universality, thoudi it may be criticised on 

amoral points. For instance, Yo.,31ou (1949) real .cod. that it seriously 

overestimates the effect of hami'dity at lor temperatures; this error vas 

duo, he sa7s, to the neglect of the thermal effect of moisture absorbed 

by clothin:> Dunham et al. (1946) found that the off° to o air velocity 

at very hiGh to 	tore more complex than depicted by the Index. It 

makes no allowanNafor a moan radiant temperature different from ambler', 

tenporature, thoith this can have a large effect on thermal balance and 

sensations of comfort* 

This last objetion vas overcome by Vernon and rarnor (1932), vho 

substituted the globe thermometer reading for the dry-bulb temperature and 

applied a si:Jultaneous correction to the vet-bulb temperature. Recent writ 

by Ferres et al* (1954) ow :Lasts that the sinpler correction proposed by 

Bedford (1964), fiich omits the rot-bulb correction, cives an adequate 

description over a very large range of radiant teJpersture and it is to 
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be preferred for its simplicity. It thould be emphasised, horever„ that 

radiant excess temperu.ture vas not included in the oriGinal ix: and is 

an empirical addition at a later date. It sacks oleo in that tho 

effect of air velocity on the Corrected Effective Temperature is nor 

tro.fold. The Globo thermonotor reading is affected by air velocity, in 

a ray not related to variations in sensation, but to its orn construction 

and dimensions. Already difficulties arc encountered duo to the fact that 

globe thermometers of to different sizes are in current use. In addition, 

three different methods arc in use of obtaining tho ret.bulb temperature, 

vthich can also lead to confusion. It is to be hoped that the trend array 

from intejratina devices rill conti'ix and that thermal environments 

rill in the future be specified in terms of precise scientific parameters, 

un related to the particular methods used for their deterlimation. Those 

need not be parameters obscure in their meanina, the temperature, 

vapour :,ressure, air velocity and moan radir-.t tem:erature are faqiiiar 

quantities, precise in their definition, readily understood and independent 

of each other. Of the nineteen indices described in a recent review article 

(7:ael'herson 1962) not one makes use of these four. 

Tho Effective Temperuture scale is a means of sTacifying conditions 

of equal thermal effect, based on stlbSective estimates of the plvsiological 

effects of heat. It m---.st have been emtreraely difficult for the experi. 

mental subjects to judge, for instance, that an environment in rhich 

8O of their heat loss vas duo to evaporation did in fact load to the 

sane total heat loss as another in uhioh only 20% Of their heat l000 

vas due to evaporation. They rem not as%ed to estimate their dezree of 
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comfort, for, as the authors pointed out in the ori.31,,a1 paper, 'at 

high temperature and humidity there is no comfort', That they 170:00 

successful in their ain has been :holm by the later rol.q:, of Houditen, 

Tw.gue„ Miller and Yant (1931), 7.7.12o showed that the total heat loss 

vas indeed. constant at a given Effective Tezlerature„ in spite of the 

fact that the proportion of heat lost by means of radiation, convection 

and evacolation differed c;roatly for different cor:Ibinations 0., temperature 

and humidity, This work involved the careful measurement of heat 

ta•oduction by M5COUS axchanre, of the useful work perfor.ned aril of the 

loss in 170i z" by evaporation, , It did not rely on the subjective estimates 

of the subjects. An-interestiz.v, point is that this confirnatory mperiment 

vas coneecd. vrith continued occupation, tfaile in the oricinal .exporimOnt 

the subjects made their jukements iallediately on entering the second, 

,environllent. This is a C071:1011 criticism of the Effective Temperature 

salo,vhich is shown by this uric to be ,:gotindles.S. The effect of an 

increased level of worAng Van found to be skaply en increased. heat load 

eausin the same pattern of pliyziolocal response to occur at a lever 

Effective Teperatwo, Thus the subjects', who yore on clothed in 

ya.±3ht sumer euitst,, ;ore able vihen rectins to adjust their hoat.loss 

mechanisms in such a vou was to maintain their total heat-loss almost 

exactly constant 	400 Btu/hour over the Effective Taaperature range 

65.850r, continued exposure to an environment above or below this range 

caused heat storage or loss to oc:ur and their body temperatures could 

not be raintained by the norml thermoreulatoxy means,: Men =Tieing, 

by raising and loverins a vololt of 16.8 ks, a distance of 1.494 metros 
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ovory 8 sec., their ho at loss ran constant at about 810 Btu/hour in 

the Tango 45-70°F. On consideration of heat balance alone, then, it 

would appear that an envirennent that 12 to be suitable for continued 

occupation by menvho may be sitting still or vorUng at a moderate 

into must not lie outside the rcrice 65.700P. Rom:wort  mere maintenance 

of bony taaporuturo does not imply comfort. For inrhanco, it may be 

more comfortable to loo the creator part of the necossary hoat-loo 

by radiation and convection than by evaporation, or the contraly. Mich 

situation v111 our at a L'ivon E:feotive Teml)erature is deterlinod 

by the particular combination of temperature, humidity, etc, loading 

to the into :rated value. Or aEcin, the most comfortable conditions 

may lie at say point vithin the rake that is physically tolerable. 

170 measurement of physiolocical variables can decide these questions, 

since comfort is a objective judGement and can be inflyenced by factors 

other than thooe affecting heat balance. Ono person may simply prefer 

conditions under vhich his akin is warm and his noiLhbour conditions 

under which his skin remains cool, and thouc,h both may be identical in 

their physical reactions and in the rate of heat loss they require, 

they will differ in their judzement of a given onvironmont. Bedford 

(1930 has si;ovn that skin temporature, thou& associated. vith foolinLs 

of comfort, cannot be used to predict them. At a civen value of skin 

tonporaturo it vas possible for an individual to report that he vas too 

hot or too cool, with equal statistic 1 probability. Air temperature 

a bettor .na: of conprt. 
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3. Eistorical background of studios of thermal sensation.  

A very real advance tar; made by Bedford in his survey of British 

factories in winter. For the first time subjects were usod who were 

actually at vox: in a faliliar place instead of t 7:ing part in a 

laboratory ezporiments Pearly two thousand =Imre were questioned in 

a rell.dosigned interview, maAng poesib-e the extrr,,tion of come order 

from chaos. They wore not asked to compare the environment with come 

other, but merely, in an informal thou-',h strictly standard way, whether 

they wore comfortable, If they replied that they were too warm, they 

ekre ached quite simply if they wore slightly too warm, or much too warm. 

If they were cold, a similar form of question. If comfortable, whether 

they wore ideally comfortable or whether thoy would prefer a temperature 

slichtly warner or cooler within the comfort ran3. This resulted in 

their beinG placed on a seven-point scale, each catecory reached in the 

above ray, but labelled perfunctorily much too warm, too rar71, etc. and 

cosigned an arbitrary weight. At each level of thermal stress, the 

numbers oi votes obtained in each cEltegery, weighted appropriately, more 

added together and divided by the ummoiljhted total number of votes at 

that level, to 64ve a figure termed the 'mean thermal vote'. It should 

be noted that a written form of this questionnaire, in which the subject 

has all seven categories in front of him, i3 not the same; aMbiEpitioo 

of lancuage can result and a precise instrument, by mis-use, be,.:olle less 

valuable. Many investijators since 1936 have used questionnaires that 

have a smiler form, some with five categories of choice and some with 

nino, come written and some verbal. Their results are critically compared 
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in Section II of this thesis. The method used in the present investica-

tion vas oaotly that of Bedford, and care vas ta%cn to avoid "subject-

fatiGuet by includinG many people, questioned infrequently. Mazrj 

American surveys have tended to use relatively mall numbers of subjects, 

questionvl over and over an, apparently in the belief that their 

subjects cz,n be calibrated and used as inte_ratin3 inetroments. In 

fact, it appeal's that so ,'eat apart is played by a person's previous 

thoreal oxperiene that no tuo people can be considered equivalent, oven 

under identical conditions, except insofar as they are each entitled to 

their own opinion. There is no substitute for a is 	experimental 

population if ono riches to ceneralisc the findin3s of a survey to predict 

the behaviour of a lar_o population. 

The results of Bedford's survey shoved that in tho rance of 

conditions he studied, the Effective Tenrerature did not correlate 

M01-.0 0102 - with the mean thermal vote than did the dry-bulb,temporature. 

The 'Equivalent Temperature a factorial appro4Liation to tho readinG 

of Duftonls oupat*Jeoscopo, Gave a sli3htly better correlation. A 

mdltiplo ro,srossion equation, 	rporatinL; the four thernal parameters 

of teaperaturo, vapour pressure, air velocity and moan radiant tonperature„ 

CrIve no better corrolation t'ith sensa-.;ion than the Equivalent Tomoorature. 

A oorreopondin survey carried out by Hickish (1955) in summer, supported 

the view that the dry.bulb toaperature vae a very satisfa.tory index of 

comfort and that little vas to be Gained by the use of more compl= 

indices under the conditions mmorionced by 1.k;ht industrial vormro in 

Britain. Even in tropi.-1  conditions, the tor% of Ho (1952) and 
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Webb (1959) showed that the Effective Temporaturo gave no improved 

correlation with thormal sensation over that found using dry..bull 

tenporaturo. Howover, robb was able to derive a multiple rogrossion 

equation incorporatingto:loorature, vapour pressure and air velocity 

into that be called the SinGaporo Indcx, quoted like Effectivo Tevera-

turo, in ter- s of the tcaperature of still, saturated air that would 

eivo rise to the came mean thermal vote. This index:, also known as the 

Equatorial Comfort Indox, shoved a si,glificantly better correlation with 

sensation than ally other index. It was also Dimple in form and suitable 

for digital oomputation. It was derived by considering the effect of the 

three thornal factors on the numorical value of tho mean thermal vote. 

The mean radiant torperaturo did not differ si 'ficantly from air 

t000rature, and was irnored. 

4. Measures of strain.  

Tho concept of the mean thermal vote as introduced by Bedford can 

be considered as an accurate but arbitrary measure of physioloeical strai 

within the oaafort range. ro meacuro of physiological strain has been 

devised that is not arbitrary. Even ono of tho most successful, the 

P4SR (McArdlo et al. (1947)), desizped for use above the comfort rengo, 

thowll it =edicts with a hi deco of accuracy the rate of cveating 

of fit, acclimatised young monl  does merely that, and no more. Tho 

authors thoncolvos conclude that no formal proof can be offered to chow 

that the rate of swcatin is the best index of physiological strain. 

In itself:, though it is =crossed in litres per hour, the PgR is an 

arbitrary r.umber. No effocts other than the sweat rate aro inplicd 
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by its value per se. In the same I7sy, the value of the mean thermal 

vote is meaninzful only when related by experience to other consequences 

of thermal stress, It is true that an onvironmcnt evoking a mean thermal 

voAD of zero from a sufficiently large Group of subjects is in a sense 

the optimum but oven this is not so if the opti-mm required is the 

condition under which the maximum n-..-mber arc comfortable and the 

distl'bution of votes about the optimum is skew. Further experiments 

arc necessary for indices of this type in order to predict from their 

value any useful consequences. This has been done in the case or the 

POR by Aden, et al (1955). They have shown that the mean rectal 

temperature andpulserate correlate- reel? with the index and can be 

predicted with sosome accuracy fray its value. These consequences of 

thavaial stress have a L''eater clinical meaning and limits can be placed 

on their variation if the subject in question is not to collapse. By 

this mens they predicted that above a P4sR of 3.5 an increasing number ,  

of men voulti be unable to complete a particular work scedule in a 

four-hour exposure. This is in aGreelent vith the value predicted by 

McArdle et al (1947) and vas supported by experimental evidence. More 

recent vori by LgEstedt (1966) has derived limits or subjects other 

than fit, aocli-aatised young men, which are considerobly lover. The 

conclusion of this author vac that body temperature was the best index 

of thermal strlin, and that the P4SR vac the best available moans of 

predicting chances in body temperature due to thermal stress. 

In an exactly analaGous vay, it should be possible to predict 

from the value of the mean thermal vote that proportion of a population 
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will judge the environment to bo unconfortablo. This is a meaningful 

quantity, essential for the dcsiGn of workinc; onvironmonts. A decision 

must be reached as to what proportion may be permitted to be uncomfortable, 

but this cannot be decided by scientific analysis and is usually a matter 

for negotiation. A realistic figure is that more than 80,  Should be 

comfortable within the comfort range, although this implies that out of 

a group of five at least one is likely to be uncomfortablo rhatcvor the 

conditions, Some investi,A0ors have found that in their surveys even at 

the ostiml condition, fewer than 8019: wore comfoLtable, Ito eneral 

expression has been derived for the distribution of comfort votes about 

tho optimum, oven under the conony encountered conditions of continued 

occupation by norma117 clothed people doing lirht wor%. In Section II 

of this thesis a number of surveys coverinz conditions of this type are 

reviewed and from their results an atpreseion is dorfNed that relates the 

width of the caafort range to the optimum temperature and predicts in 

dotail the distribution of votes about the optianm. In addition, the 

mean thermal vote is shotn to be related in a definite ray to this 

distribution, 

5. The effect of individual factors of the environment.  

It has alley.dy been remarked that the effects of the separate parameters 

of thermal stress may be perceived individually as well an inte'vnted. 

Thus the effect of increasing air velocity is at first merely to reduce 

the sensation of wannth, but abovo a certain point the subject becomes 

conscious of a drauLtt4  The threshold of this sensation has bcen sitown 

by Baotjer (1924) to be strongly del:endent upon the air tepercture, 
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It is clear desirable to limit the air velocity to a range in which 

it is perceived neither as too still nor too dray:a:Ay. This requires 

a parallel investiL;ation, for it cannot be deriver_] from a knowledge of 

the inte3rated effect of all four pa:mmeters actin L: to,sethor. Again, there 

is a central ran of humidity which affects only the sensation of warmth, 

but outside this ran3e a subject tall report that quite apart fro A the 

resultant thermal sensation the environment is too dry or too damp. 

Little work has been done on this, but it is of interest particularly in 

an operatinz, theatre there the humidity is usually rather hich, Miura 

(1931) etates that at 700F, a relative humidity of 70 is perceived as 

unpleasantly damp, but ono would expect such a sensation to be strongly 

clepondent on other factors, notably temperature and air velocity. 

A related problel is that of the 1DtUfiflODiDT of a room. This com,:lon 

peorative is frog 	used in connection triter operatin3 theatres and 

it alifht be thoulat that a reason for this rould be aprarent. Hotelier, 

Langion and Keighley (1964) in a review of laser research in office desicn, 

re-:lark that th,,  definition of stuffiness in teens of thermal conditions 

has not been =de. Better understandinc; exists of the levels of radiant 

heat that .are pernlesible, due to the common use of this type of heatinz 

in industrial situations, Tho :or of Cnrenko (1953 a, b,) is particularly 

relevant since it concerns radiant hetin3 from above and the results are 

direAly appliable to surgeons workins beneath a hot 1cmp, These and 

other particular effects of the thermal environment are considere6 in 

subsequent sections of thie thesis. 

Three other factor enter into uny invocLition of heat response, 
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nanoly the clothirc, rate of worldar; and previous thermal experien,0 

of the subjects. All throe are usually  dictated by the situation and 

apply more or less equally to all subjects. The number of different 

investigations made necessary by different combinations of those factors 

is an indication of the state of understandin.; of their operation. no 

Gencra,iisation has been made that mould cmp:.;ie one to lIcolict satisfactorily 

the results of their variation. All three affect heat balance, but in a 

Given situation do not vary sufficiently bctreon subjects to explain the 

wide differences in subjective response obtained, often fro: people for 

them all seven mez-xureable variables take the sale value. The reason must 

be przrtl j due to the bodily differences of the subjects, in terns of build 

and metabolism. The sox, ago, race, build and height of the subjects in 

the present investigation were recorded and their influence is investigated. 

Other vollterc have found differences due to sex, but Yaflou end. Tosser 

(1941) sl-oLed that these were probably duo to differences in clethinG. lto 

differences between races have been prove, even under the tropical 

conditions studied by Tab (1959) and Ellis (1953). British operating 

theatres provide an opportunity for a controlled comparison of quite larGe 

numbers of differamt races. Hellon and Lind (1956) ar41 Hellon, Lind and 

Veiner (1956) have six= a narited influence of age on certain physiological 

reactions to thermal stress, but some associated work reported by Mellon 

(1957) on the influence of p4siq-e we.s inconclusive. In either case, the 

ifferences the - found were small in spite of the high levels of thermal 

stress they investigated. One must certainly look elsethere in the 

range of conditions encountered in oporeting theatres. 
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6. The influence of emotion.  

Common a:Lures of speech testify to the influence emotion can have 

upon thermal sensations; to hoop a cool hoed, and to avoid getting 

hot under the collar, runnin: a cold sweat or getting cold foot is 

clearly essential in an oporaAng t'.noatre. It is roll hnownthat some 

bodily reactions to thermal stress, notably sveatinz, vasodilation and 

pulse=to, may also be influenced by emotional stimuli. It is reasonable 

to assume that sensations of comfort or discomfort are also influenced by 

the subject's state of mind, since although tormal discomfort implies 

a doparture from the body's thermal equilibrium, 'ghat is actually per-

ceived is probably only the concomitant effects, the :leans by rhich 

the body attempts to regain a stetsof heat balance, and some of these 

may be activated not only by thermal stress but also by emotional stiluli. 

MoSt invostiGations of thermal strain have been directed torards a strictly 

practical end, and such factors have alrgys been ignored since they arc 

not under the control of architect or:heatingeugi.noor. Their effects, 

if present, have been ascribed to 'residual variation'. Ton the best 

indices o, thermal stress h vo therefore shown poor correlation with 

subjective reaction, and a bettor understandin of tho reasons for 

residual variation between persons is urgently required if attainable 

standards of comfort are to be improved. There are Obvious difficulties 

in data collection of this kind, and still Groator difficulties of analysis. 

Previous vorhers have bocu unable to cope rith more than four si-Aultancously 

varyinc factors. By the uso of a multiple regrossion proGramx on a modern 
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electronic computer, these difficulties of analysis may be larely 

overcome. By this motho4, it has becn possible in the present investica. 

tion to inulude a lane nunbor of factors, such as the nature and 

difficulty of the tor% in hand, the nuMber of interruptions and the 

noise level, the speed of worlan,-; and the tension in the theatre, that 

niLht be expected to influemm the static of mind, or level of attention 

of the subject and hence his perception of the thermal environment 

Convsrsely, thermal stress could be mcpected to influence the perception 

of noise, if both are distractions -ram the tr.'s: in hand* Duran (2950) 

has shown that thermal stress can naect peripheral al-;arenoss yhile 

performin3 a central tasi. The effect disappeared then the central task' 

as easy, and vas increased by prolon:;ed ezposure to heat. There are two 

possible mechanisms by which beet could hcvo produced this effect, but so 

little is known about the interaction of other stresses with heat that it 

is impossible to decide betv:een them. Broadbent (1957), in a paper on 

noise, cua:psted that the perceptual system has a united channel capacity 

for information, and ths even totally different stimuli can interact by 

competin,:; for the attention with the task in hand. On this view, one could 

rersard the action of heat as producing distractive bodily stiluli„ which 

then affect the attention by loadinc the perceptual systen. This is a 

possible explanation for the effects observed by Burcill and this 

noebanism would predict en interaction betveen the perception of heat 

stress and other distr;,ctive otinuli in the present investication. On 

the other hand, previous work on the interaction of heat with other 

stresses, which used direct measurcents of efficiency, levels of heat 
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stress well above the comfort ranze and loud noise or serious sleep 

deprivation as the other stresses have shorn no interaction. (Peplor 

(1959), Viteles and Smith (1946)0 This result is in accordance with 

the c,rrent theory of the action of these stresses. Broadbent (195) 

sug_esto that heat i-3pairc performance by a mechanism of its own, While 

noise and 'Link of sloop act on some co-amon mechanism in opposite dire°. 

Buroill Enk:,:psted that heat was ialterins central levels of 

attention', a solethnt aabiGusys phrase which could lend support to 

either ViC1770 Broadbemt pointed out that other levels of heat stress 

nicht show some interaction, thouch by this ho noant hiior levels which 

could prevent sleep. All those mperiments which have them performance 

decreaento due to heat have used levele of hest stress very much in ozoocs 

of those found in operating theatre- and tasks very much simpler and 

loss delanding than sur6ery. It is usually possible to investiGete those 

effects only in the laboratory, where the task can be deskned to give 

a good measure of efficiency or skill. Perhaps theneareitaiTroaeli to 

realism vas achieved by Nackworth (1950) the transfer-ed a vireleSs tele-

6vvphy task to the laboratory, and shoved a marked effect of heat. An 

interesting result of his investication„ which was a„oain of very hiGh 

levels of thermal stress, iac that the most Skilled operators were the 

least affected by heat - by an increased effort they were able to maintain 

their officioncy at a hish level. Thus one would expect heat to have its 

most severe effect when the task in hand is already talting the ability 

to the utmost and no rescrvos of skill are almilabloo This lends supiert 

to the possibility that a more comploz task could show a performance 

decrement at lower levels of heat stress. 
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It is clearly impossible to measure the efficiency with which a 

eurGeon is working, but if the distractive stimuli the compete for his 

attention with those necessary for the performance of the surgical task, 

are competing also with the stimuli of his responses to heat stress, then 

his subjective porcoption of the thermal environnent may be an index of 

the combined effect of all such stimuli. For instance, a sursoon who is 

performing a difficult operation on which ho must concentrate, may have 

his concentration taxed to tho limit by tho noise and movement of staff 

around him. If he is also aware of the effecte of heat, such as an 

uncomfortable fooling of warmth and a tendency to sweat, those will 

constitute a much more serious distraction than if he wore mentally and 

p4ysivally relaxed, perhaps porforming some routine procedure well within 

his ability amil not demanding mush concentration. An environment is judged 

uncomfortable only if its efLects aro perceived. The above combination 

of: circumstances could have the offoot of levering the threshold of 

perception, and could result in a judgement of the thermal environment 

as uncomfortable oven thou the offects on heat balance wore in fact 
a. 

very small. This maybe ono reason irth.y.  the thermal environment in 

operatik; theatres appears so often to be apcapegoct for feelings of 

frustration and displeasure those truecauses lie elsewhere. 	0.1lays 

in which the perception of thermal environment is influenced by other 

factors of the working environment, are investiLted and discussed in 

this thesis. 

7. Measurement of performance.  

Any direct meaeuronert of efficiency or hil1 should be made 

simultaneously with the application of the stress under investigation. 
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This being impossible in the our' cal situation, an attempt was medo 

to measure the efficiency which a surgeon could bring to bear on an 

operation immediately follawins the =posure to stress This is in a 

sense a measure of the fatigue producod by the stress of the preceding 

session. The method adopted was to measure manual tracking skill on a 

modified pursuit motor, since this task has boon Shown by Poplar (1959, 

1960) not to discriminate between different types of stress and gives a 

good measure of performance with quite shore test sessions. Using a 

pursuit task of the rotor type, Teichner and Vehrkamp (1954)  were able 

to shoL performance decrements due to heat with test sessions of only 

5 	20 sec. duration. This ton 	of test can be fitted into a surgeon's 

working routine with a minimum of disturbance. However, in an observational_ 

eurvey of the present kind, involving brief visits to c. largo number of 
theatres, it was not possible to obtain repeated test scores from each 

subject, and the results are indicative only. 

6. Ileasurelent of pllysioloical variables.  

Emotional sweating can take place at all toaperatures and is believed 

to be suppressed by hic4 temperatures (Bellon and Lind 1956),  It is most 

profuse on the palm of the hand and on the forehead. Bodily sweat glands 

can be influenced by emotional stimuli, but are mainly activated by 

thermal stress (Kuno 1934) • A comparison of the sweat rotes on the fore. 

head and the arn could thus yield valuable objective information on the 

roles played by the tae causes of sweating in the theatre situation. 

This type of inveotiLntion cannot be carried out in a laboratory 2ook.un, 

because the vital effect of motional stress would be absent. There wore 
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difficulties in meaeuring the Sweat rate of working eurgeons becauee 

of the minimal interference with working routine that ras pormicsiblei 

For instance, the usual technique of weighing a subject naked before • 

and after exeosuxe to heat, to determine the total .evaporated fluid less, 

vas ruled out because surgeone are busy mon and the apparatus is not 

easily portable, For the same reasons, measurements of pulse rate and  

body temperature were not attempted. Continuous recording, involving' 

unaeceetable interference vith the morlzing routine, would have been 

necessary if the small variations ompected on the results of other work 

mere to be deteetod. aobinson, Turrell and Gerking (1945) made careful 

mea3ura3ents on clothed men working at different tomperaturee and 

humidities. They found that at 829F. neither pulse rate nor rectal 

temperature more increased ni ,ican 	above their values at 750F, 

regardleee of the relative humidiV, whereas both meat rate and skin 

temperature showed a curvilinear relationship with relative Inraidity et 

the higher tomperAure. Temperaturee above 82°F. were recorded very 

seldom in the present investigation and mere usually associated with 

bolor.average h=iditiee. fallen and Und (1956) found very mall changes 

in pule° rate end rectal to:An:mature even at a teaperature of 96°P. it 

mas therefore decided to attempt only measurements of sweat rate and skin 

toperature. Following a sageetion by Prof. J.S. Weiner, a method of 

meaeurieg local sweat rate was developed that proved very eatiefactory. 

At the same time, a measure of Skin temperature on the back of the neck 

mae obtained* This is the only area of dry skin eNpoped by ourgical garbs 

The results of this part of the investi,:7tio_ cover necessarily a mall 
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pext of tho population, no it n.",'S not alveys pom.,•ible to r-take the 

mensuroaents. 

9. The present survey,  

The present investigation of operating theatres was undertaken because 

there vas vary little knoriledge of the physica/ conditions unier rhich 

surgeons were working and still less of their effects. All racasuromento 

taken by mgincers had boon mt,.,de ioco i.riiy in enpty theatres or at tho 

periphery of a theatre in use aryj had comierned only the four main thermal 

para-aotors, The existing methods of ramouring the thermal envirornent, 

ovieved 1.n this introduction„ Tier° impossible to use within or even ncar 

the sterile- zone at the centre- of the theatre and there vas reason to 

believe that the local conditiono Iztilt be very different vitiln the 

group about the operatilv, table, Special instrtments had to be developed, 

small co:vat portable and cluiel:.actinc;. They aro described in Section III 

of this thesis. In addition, the vonditions found co_ifortable by people doing 

other ;:iobs, less dontrtang end 2cos tense, dfi.d not seen to be satisfactory 

for our. cons. Over the past thirty years, as Anfuc (1959) points out, the 

teaperaturcs required by rconc have fallen 1,1'02 over 000P. to somerhero 

between 60 and 70°F, it: no discernible aL,reement on the optimum', Duo 

to unavoidable, or rother ever4prosent heat gains, temperatures inDritish 

operatin3 theatres fall commonly above this level, especially in summer 

timo2  and there has been considelable demand for the installation of 

cooling plant. The very largo volumes of air supplied without re- 

circulation to theatres make this a wry cos 	 derain, partioulz'ij  

within the Er.:mevork of a. national hospital scheme. An ad hoc investigation 
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of the nature and extent eg the heat problem in theatres vas required, 

and in the course of It the additional data incorpol'ated in this thesis 

were obtained, 

The aims of the volt were thus firstly to derive multiple reLTossion 

equations eombinins the mat parameters of the environment into expressions 

vhich predict the subjective reactions of =coons and operatinc theatre 

staff; secondly to investite their perception of the separate variables, 

and to sot limits on the pe.lnicsible variation; thirdly to investicAt o 

tho ineraetion of the other factors rith the norception of the thermal 

errlixon-aent and  fourzthly to suDrmort the validity of the subjective 

yin a 'umber of objective measurements, 
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2. 1, Introduction.  

A nuaber of mrveys carried out in the Last forty years havoc 

studied in crest detail the thermal environment preferred by largo 

groups of people, under conditions that have some relevance to those 

found in operatin,; theatres. In Table 2,1. are sot out eleven such 

surveys that obtained responses from their subjects by using questionnaire 

technioues siailar to the one used in the present investigation. They 

cover a :calve of thermal stress from well below to øil above the values 

found in British operatinz theatres and they are all concerned with the 

prediction of zones of cortfo4.„ as opposed to ZOnCO of physical toleranee. 

Unfortunately, their results are set oat in a wide variety of ways, 

na,lcinL: detailed numerical co-dpo,I.Ison virtually impossible. Results are 

often quoted as a comfort one for a Given ar'oitrary propo,ion comfortable. 

In so-le cases it 7eu2, be difacult to derive the coifort zone for a 

different proportion comfortable. 

All the subjects in these surveys were onga-ed in sedentary or liGht 

work, involving little physical effort other than that reeuired to maintain 

posture. nou,'Iten, Teague;  ?liner and 'rant (1931) have norm that the 

metabolic rate increases by on3;7 ten percent fro:1 eittinG to star4inf3 

this would probably not be sufficient to introduce any rar,-Yninz;ful bias 

to the results of the different surveys. Further, all subjects war* the 

clothin:; they considered comfo4.4ablo, in the mcim rather light clothing, 

and wore rot subjected to mean radiant te:Iperatures measurably different 

from air telnerctures 

In spite of these siailaritics, it was still considered necessary 
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to carry out larco.scale surveys in each case. The different results 

demonstrate the lesge part played by the different thermal mperience 

of the croupe of subjects. It could be remarkable if no general con-

clusions could be'drarn from such a large research effort, representing 

coalitions mr7er rhiCh the vast majority live and uorh, but no attempt 

has boon made in the literature to do so. The rec_.son is probably that 

they cover such a large range of temperature and show at first sidht 

ouch very different results. It is reasonable that special investigations 

should be made in cases there there are unusual circumstances, such as 

the need to roar heavy protective clo hinc., or there hid4 levels of 

energy expenditure or of radiant heat are encountered, but there should 

be no need under normal circumstances to do more than discover the 

optimum temperature to 	ch the croup are acclimatised 

In this section data from some of the surveys in Table 2.l. rill be 

re.calculated„ making possible their accurate numerical comparison. An 

expression rill be derived from them thich relates the nicith of the sem. 

fort zone to the optilum temperature and predicts quite accurately the 

results of a number of other surveys. The exprossioL: males it possible 

to extrapolate to other situations and has certain implications f0= the 

desigi of vorking environments. 

2. 2. nethod. 

The aim of any survey of thermal comfort is to obtain a usable 

measure of sensation. It has long been realised that human Sudcement 

is unsuited for scalar estiaation of azviand, but recent nork has gone 

further than this, The application of information theory to nsycllophysios 
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has produced some remarkably consistent results in the perception of 

a vide variety of sensory stimuli (miller 1956). The name 'prothetiol 

has boon Givon to continua those perception is believed to be mediated 

by an additive process at the physiolocical level, and temperature 

sensation is ono of this class. Miller (op. cit.) shove that there is 

reason to believe that the limit of human discrimination in the perception 

of an undimeneional prothotic continuum correswende to the ability to 

dietintsuich reliably between only seven eateGories of sensation. Thus 

a powerful theoretical and oxperi7lental justification can be made for 

usin5 the seven.roint scale of thermal sensation proposed by Bedford 

(1936). It could be argued that thole-body sensation is multi-diaensional, 

partic.larly as thermal discomfort is really the quantity under inveetiLa-

tion. However, thermal questionnaires are usually phreeed Co as to direct 

the subject's attention to the tast: of evaluating temperature rather than 

the macnitude of his sensation of dis,,omfort„ which is thus releted to 

a secondary, evaluative role. 

The results of a questionnaire can be seen from the torezoing to 

be not scalar, but eami..qvanta/ at best. No satisfactory statistical 

treatment of semi-quantal date has boon produced. Many comfort studios 

have recocnised this, and sacrificed information by presenting their 

results merely co a distribution of the poreentace comfortable c:-...cinst 

a thermal index.. Bedford's sequence of questioning; has the advantaLe 

that this presentation represents the result of =actual question 

roquirin the quantal response "comfortable or not comfortable', thereas 

this division has to bo made artificially by means of the tordinc of the 
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category labels of written questionnaires that present all categories 

at once. The mean thermal vote utilises all categpries, but in an 

arbitrary way, justified by ite practical success in producing on most 

data a linear relationship with teverature. Information is actin 

however, in that there is no implied relationship between the mean thermal 

vote, and the proportion too cola, oomfortablo„ and too hot. ehronko (1955) 

ohoved that the data of Ellis (1952) cave a siomoidal relationship betveon 

the proportion untomfortablo duo to heat end the mean thermal veto. The 

probit transformation (Finney 1947) provides a method of dealing with this, 

and was used by Webb (1959) for thermal comfort data. In Section 2. 3. 

a variety of different questionnaires are critically compared by this 

moans, Probit an4ysis has boon developed e,mcifically for the purpose 

of handling quantal data, to which the results of most comfort surveys 

can be reduced. In the followin section the validity of such reduction 

till be examined; several different questionnaires till be redut,ed to 

quantal form by consideration of their wording, and the results compared 

with each other. Subsequem subsections again use the probit transforna-

tion to recalculate published data, following the method set out by 

Finney (op. cit.), an iterative apr,roximation to' the maximum likelihood 

solution, 

2, 3. Examination of three forms of cliestionnairos  

In Table 2. 2. are set out three forms of questionnaire used by 

different authors, That used by Hickidh (1955) is Bedford's original 

fora, else used by Ellis (1952, 1953) and in the present survey. The 

numerical values assigned to its reply categories are also those used 
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by Bedford; an added constant brings the optimum vote to zero. In order 

to obtain Values of the mean thermal vote comparable with each other and 

with Bedford's results, numerical valnas had to be assigned to the 

differently worded response categories used by the several authors. In 

order to test these weikiltings„ the mean thermal vote has been calculated 

for the published data. The proportions reporting discomfort due to heat 

and due to cold have been derived by taking together those categories with 

weidats ( 42,45) and (-2, .5) respectively. The probits of these propor-

tions axe plotted, in Graphs 4.1, 2.2 and 2.3, against the mean thermal 

vote, In every case, the result is a good straight line, which inaScates 

a normal distribution of response to the questionnaire. Also, the optimum 

as defined by a mean thermal vote of zero is in each case the point of 

intersection of the probit lines, which is the point at which the proportion 

'too hot' is equal to the proportion 'too cold' This indicates that the 

mean thermal vote gives a true estimate of the optimum, without bias due to 

the vordin The slope of the 'hot discomfort' reg'ession on the mean ther-

mal vote takes a closely similar value in all three cases, namely 1.15.4.21. 

Data for the 'cold discomfort' line is very scanty in these investigations, 

except in the case of Hou,hten and Cook (193), where the slope of this line 

agrees closely with that of the hot discomfort line. There is some indica-

tion that the slope of the cold discomfort line is greater in the data of 

HicUsh(1955) and less in the case of Webb(1959). This would indicate that 

the mean thermal vote is more sensitive to the proportion 'too cold' when the 

teaperature is high than it is when the temperature is low. The indicated 

optimum was at GM. D.B. for Hickish subjects, at 75°P.D.B. for those of 
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Houohten and Cook, and at 320r. D.B. for thoso of Tebb. Clearly, more 

clothin5 could be worn by the British factory workers than by the residents 

of SinGaporo, and this could Iced to the effects observed. The more heavily 

clothed oubjecto, thou, considerino; a particular telnercture on balanco 

'too cold", would perhaps loss readily choose the emtrame category for 

reoordin3 their oenoation;  ana the moan thermal vote on16 therefore appear 

leos sensitive to the proportion too cold. 

Thus far, the mean thormal vote would son to be related to the probit 

values in a uniform 	cneblin. a prediction of the proportions too cold 

and too hot to be made from a knowledgo of the mean thermal vote. Unfortunatay 

there is a largo systematic variation in tho probit values corrosponding 

to a Given mean themal vote for the difforont populations. At a mean 

thermal voto of zero tho oolomspondinc probit values arc 3.10, 3.72 and 

3.89 respectively for the data of Bickish, Hou-hten and Cook, and Vobb, 

i.e. a stoadily inc.eacing proportion uncomfortable, due to heat and 

cold equally, with an increase in the temperature to which the 0.oup is 

acolimatisod. These fires corrosoond to 94.0 comfortable at 670P, 

800 comfortable at 75°F, and 73.3% comfortable et 820P, those uncomfortable 

being divided equally botwoon those too hot and too cold at those optimum 

teaporaturos. lie great reliance can be placed on the =act figures, eine° 

they wore obtained from the point of intersection of trio probit lines, 

occurrinc; at low values of response in each case. The probit method 

affords a very reliable estimate of the "median" value, at rhich 500 

response is obtained, and en at tempt to evaluate the relationship between 

the comfort zone and the optimum temperature will in the following 

sub-sootion be based on this fact. 

o,o 
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Starr 	The follorinc conclusions may be drawn from this aranination 

of questionnaire technique and weifyltino. 

1. The replies loading to a Given value of the mean thormal veto 

are normally distributed and therefore suitable for probit 

analysis. 

2. The toichting sug:.osted in Table 2. 2. loads to comparable 

values of the mean theme.' vote and may also be used to 

reduce the results to comparable quantal form. 

3. The moan thermal vote gives an un-biaeed estimcto of tho 

optimum. 

4. The probits  P, of the proportion reporting discomfort due to 

heat is related to the mean thermal votes  Mt  by an'equation of 

the form form P isa.T b, where a= 1.10 - 0.03, and b tehos a value 

specific to the experimental population, tendinL; to increase 

with increasing optimum temperaturo and lying in the range 3 

5. A eiijiar relationship holds for the proportion reporting die-. 

co- fort duo to colds  with the same valuo for tbt, but some 

indication that lal may' vary with optimum temperature. 

* The mean thermal vote is thus an extreme useful indem of the 

comfor:, response of a group, particularly for use CS the dopen. 

dent variable in a computer analysis, eince it is redily 

generated without reference to tables, unlike probit values, 

It may not, however, be transformed to any measure of the 

proportion too hots  comfortaile or too cold, without further 

investigation of the relationship that holds for a particular 

body of data. 
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2. 4. poraparison of the form of published response distributions.- 

This section exa-nines the data published in the first five surveys 

appearing in Table 2.1. The mathematical calculations have been carried 

out by means of probit regression analysis; the results are given in 

Tables 2.3.-2.3. The tort consists of a discussion of these results in 

some dotal. 

1. Three tropical surveys  

Conditions in operating theatres may involve heat, high humidity and 

low air velocity. These conditions are encountered to a much greater 

dergree in the tropics. The results of tropical surveys might therefore 

have some relevance to the present survey, bearing in mind the additional 

factor of long-term acclimatisation. 

Table 2.3. sets out the numerical results of. five probit reLTession 

analyses of data ill= the surveys of Ellis (1952, 1953)  and Webb (1959), 

and one grar1U.cal esAmate where the numbers of observations on vtich 

the zublished figures were based were not given. This made it impossible 

to emsign the correct weights in the calculation. The published results 

were reduced to quantal form by deriving in the first instance the proper» 

Lion- reporting discomfort due to warmth, as the reply categories weighted 

(12, -0) in  Taio 2.2. The surveys of Ellis used. Bedford's form of 
questionnaire, though in written form. In readin the necessary data 

from FiG.2, p.392, of Ellis (1953), en asouaption was involves, namely that 

none of the =IN:as too cold above the point whore lopr, were 'reasonably 
comfortable'. This was not stated specifically, as the data was presented 

in the form of a plot of the percentage 'reasonably comfortable' against 
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rkumi Effective Temperature. Significant heterogeneity  src,s found in 

those results, and has been allowed for in the estimation of standard 

deviations. The ,armth discomforts results for ,,ebb's data are his 

own, except that the 110 level', above which MOTO than 10r2 of the 

population experienced dieconfort, hes also been calculated. The 

calculation of the standard deviation for this result involved the 

assumption that the mean value of the thermal index lay close to the 

randian value. Vith these exceptions, the results shown in Table 2.3. 

are nuT,orically accurate representations of the published data. The 

detailed probit calculations, though vary len:_,,thy, have the cdvantaen 

that they permit accxrate sLatietical co-aparieon of tie results. The 

graphical representations of those data that have been published aro of 

comparitively little use for this purposo. 

On the basis of these calculations it can be.Mown that the 

observed di ferences between the slopes of the probit regression do 

not approadh el, 	icanco, and that the obeeaved differences between 

the median values, though significant at the 0.05 level, are within 

l.7.1.0  of their mean, and therefore of little practical significance. 

The 4107: levels' of the indices, at which 10,4_, of the subjects reported 

discomfort due to rarmth, are not significantly different. Thus regard. 

losN of the chosen index, more than IT' of the subjects reported dIsconfort 

above 780F, and more _Ian 5O above 8201?. This close aereement between 

three different irdicoo, all e=pressed as the temperature of an equivalent 

environment rbeee relative humidity is 100;!, and whose air velocity is 

sere, is a very good indication of their validity. 
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In Section B of Table 2,3. are set out the corresponding calculations 

on the samo data for the proportion roportins ary sensation of rarmth, 

los«-those whose reply mould be weig4ted 41,4-2 ow.43«, The data for 

these calculations mere all given explicitly, and it was thous ht they 

might servo as a cheek on the previously mentioned results« It msy be 

soon that the heterogeneity in the data of Ellis (1953) has disappeared; 

it could therefore have been due to the assumption made in reading the 

data, On the other hand, the data of Ellis (1952) here shows very 

significant heterogeneity« There is no reason to suppose that this 

mould not also have appeared had the fi(pros been available for calculation 

in Section As The subjects in this survey were sailors on board a war. 

Ship, and there eras very considerablOrariation in the clothinfs they more. 

A proportion mere stripped to the mast; Ellis shows that this proportion 

varied directly with temperature« It is not surprisinc; that mith this . 

additional factor- the probit regression on an index that does not take 

account of variations in clothing should give,an ihndpqbate description 

of the results. The method is highly satisfactory fog the other surveys, 

where no great variation in clothing took place, but It mill be shorn 

below that in a survey of British factory workers whoce clothingals0 

varied according to choice, it again provides an inadequate description. 

The slope of the 'warmth* regression lines in Section B of Table 2.3. 

arc all lover than their warmth discomfort* counterparts in Section A, 

but the differences are not statistically significant« The median values 

of the indices in Section B, at which 50/7 of subjects reported some 
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sensation of warmth, differ from each other significantly at the 0.001 

level, and so do the 10,f Value L:. Reference will be made to those 

differences in Section 2,4. where it will be shown that they vary 

systematically with the acclimatisation of the subjects. All sip values 

differ from their 'warmth discomfort" counterparts in Section A of Table 

2.3. sie,nificantly DI the c.05 level or better. 

Webb (1959) found that his Sin6apere Index, also called the 

Equatorial Comfo Index, showed better correlation with mean thermal 

vote than did Effective Temperature, but it,ohould be noted that the 

veifnte he assigled to his response cate_ories in the calculation of 

the mean thermal vote were not those of Table 2.2, P I thus not direct3y 

comparable with the work of Bedford. 

2. American our-:;eons and operatinN theatre etaf at work.  

The surer of Houshten enii Cook (1939) vas carried out in ono 

operatin theatre during a stramer period of three months. It involved 

questioning a small croup of people many times. Relative humidity was 

held constant at 50rJ, air velocity vas not varied and' presumably all Other 

factors re: wined more or less constant while the air temperature vas 

varied Within fair4r narrov limits. The nuMbers of responses obtained 

are too small to allow any separation of different staff categories. The 

results of trio probit regression cnwlyaes carried out on this data are set 

out in Table 2.4. The index of thermal stress was the Effective Tempera 

ture. The results may be compared with each other and,vith the results 

of the three tropical surveys dealt with above. 

The difference in, shape betvoan the 'warmth discomfort' and 'cold 
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discomfort' regreesion does not approach statistical significance, 

ignoring the difference in sign. Data for response to cold were here 

more numerous than in the tropical eurveys, since the investiEption was 

of a now cooling plant. This result is therefore good 'evidence for the 

view that sonsitiVity to heat and to cold are equal in the (=fort range* 

Thorn is very strikinc aooment betwoon.the slopes of these 

regressions and the correspondigvalues in the tropical surveys* Tho 

warith discomfort regression has emactly the came slope as that published 

by Yiebb, which has boon shown above to be not significantly different 

from those calculated for the data of Ellis. 5iailarl7 the cold die. 

comfort regression has a slope that does not differ significantl,y froM 

the value published by Vebb. Tho corresponding figures are Shown for 

comparison. in Table 2.5. it ream be seen that the data of Webb shows m re 

heterogeneity,. possibly because the survey was carried out 'under less 

controlled conditions, but this has been allowed for in the calculation 

of the standard deviations on which the statistical comparisons are 

based. Ho,aver, none of the values of chi-square in Tables 2.4 and 

2.5 approach statistical ignificanoo. 

Although the responses of American surgeons and operating theatre 

staff to changes in Effective Temperature are thus , shown to be the 

same as for a -wide variety of sabjects.in the tropics, the preferred 

levels of tempo.ature differ greatly. The median level of thermal 

stress, at which 50;1., of the American subjects reported discomfort due 

to host, in  6.9 + 005.F0°  below the median level for the tropical sub. 

jecte, and the median level for discomfort duo to cold is 11.9 '07•°+ 
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below, the Corzesponding ficure. These large differences arc almost 

certainly duo to long-term acclimatisation, determined by the previous 

thermal mperience of the subjects. 

The difference between the level of the :,l stress at vhich 50i!, 

mere too hot and the level at vhich 50;!;vere too cold may be termed the • 

*median. range'. Its valaQ for the itporican aubjeetz was 0.0 4-0.6.P.0, 

and for the tropical subjects, 5.0 4-0.6.P.0  The difference between 

these two median ranges, 3,0 4- 0•85.F.°0  is siGaificant at the 0.01 level. 

This is-  statistical proof of an observation made by tebb (1959), that his 

distribution of the peroentaLe comfortable versus thermal stress index 

"seemed to be both sharper and lower then those obtained in cooler 

climates'. The xwtmum percentage comfortable vas 601/ at 78.7°P, for 

Vebbis subjects, Ok: at'68.5°P. for the American subjects. The most 

reliable estimate of the optimum temperature is to determine the centre 

of the median ranLe, since the point of intersection of 	probit 

repression lines is creatly influenced by small errors in the slope of 

each line, 

3. British factory Workers in summer.  

The survey of Hickieh (1955) vas carried out in Britain during the 

sumaer months, and involved questioniir, a lame number of lidit industrial 

corkers viiilo they sere actually at work. Since it concerns subjects 

acclimatised to British temperatures, it is of interest in the present 

connection. However, unlike the tropical or American surveys =mined 

above, it covers lever levels of temperature and humidity and higher 

levels of air velocity than are actually found in operating theatres. 

Possibly as a result of this, Eic2tish vas led to the same conclusion. as 
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Beford„ that dry-bulb air temperature was en adequate index of then a1 

stress.   greLt eJphasis on the oc.,urrence of a discontinuity in 

the relationship between the mean thermal vote end dry-bulb temperature, 

and called this the upl ar limit of thermal comfort. Such a discontinuity 

is extroLiely difficult to locate nith any accuracy unless very largo 

numbers of subjects have been questioned. The data wore publichedas 

a vote distribution 0.,1;aiast dry-bulb temperature and this made possible 

the probit ana GO3 these results appear in Table 2.6. For comparison, 

the data of V;ebb (1959), nhich wore published in admirably full detail, 

were recalculated as probit recrossions against dry-bulb temperature; the 

result., of those calculations appear in Table 2.7, 

It can be seen that in thus nelecting the effects of the other the...,Ial 

variables, significant heterogeneity ha boon introduced to the data of 

V' ebb (cf. Table 2.5.), though no syste-ntic departure from a strazg k, lino 

can be soon in graphical representation. In addition, the slopes of the 

probit regressions at 	dry-bulb temperature are significant lower 

than those agai,int the Singapore Index though both ere =Dressed in 

Fahrenheit de;rees. This result is to be expected from Tebb's equations 

for mean the.,.-m4-1 vote in terms of these tvo indices of thermal stress. In 

the case of the "warmth discomfort' regression, the difference is significant 

at the 0,01 level, but the 'cold discomfort' slope does not differ signifi-

cantly from the value against the Singapore Index. This would load one to 

suspect that the sensitivity of 	 subjects to cold as measured by 

dry-bulb tepoz-ture vas higher than to heat similarly measured. Tice 

two reLression coefficients in question a,Tear in Table 2.7, it calculation 
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shots that the probability of their observed difference arising by 

chance is greater than 0.05, The most one can say is that even this 

apparently largo difference bet.;:een sensitivity to heat arx1 to cold. doe° 

not disprove the view that they are equal. Similarly, the large difference 

between the recession coefficients for the data of Hickish, which are 

shown in. Table 2,6, doc$ not approach statistical significance. 

Considering the results of the probit analysis of the Traxmth discomfort 

data of Hickieh in more detail:: than is given in Table 2.6, it can be shown 

that the existence of the discontinuity referred to by Hickish depends on 

two points, at 74°P. and at 800F, which deviate from the regression 

sigiificoartly at the 0.01 level but not at the 0.001 level. Evidently' 

the strait probit regression gives quite a good description of the 

data; the calculated regression coefficients do not differ significantly 

from the corresponding ones of Webb in Table 2.7. In Table 2.0 the 

'warmth' regression results for Webb and for Ilichish are set out for 

comparison*  Again, the rec ession coefficients agree closely; the 

probability of the observed difference arising by chance is greater 

than 0.30. Thus it may be seen that the sensitivity of British factory 

workers to heat- and to cold is closely siAlar to the sensitivity of 

Webbte tropical subjects, despite the fact that the two groups are 

acclimatised to very different temperatures* 

4p. Summary.  

The following conclusions can be drawn from the discussions of the 

calculated probit regression results in Section 2.4:- 

1* 'Normal Effective Te.aperature„ Basic ELfective Tertanerc,ture and the 

Singapore Index, used there they are appropriate, are comparable in 
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cll respects Tfion related to subjective r0 01'13 Or?.• 

2p Group sensitivity to hit and to cold appcars to be &mai 

in and nor the corEort ra,nge. A Given increase in tenperature 

will produce an increase in the probit of the propbrtion too hot 

equal to the simvitoneaus de'.:re-2,se in the probit of the propoLtion 

too cold. 

3. Ac,.:lirr' tatisation to wideki ktifferent temperatures does riot 

alter the sensitivity of•oupc.., of subjects to chair 	in temperc,..turer 

J 'E4von increase in tanperature 'all produce the ocrle inereano in 

the probit of the proportion 'too hot atd decrease in the probit of 

the pro-oortion too 'cold itl)atever their tate of acclirnaticz2tion 

in the rawe 60-90°F.D.B. 

2. 5e The relationship :beteon the rnedAn e and the pre:.erred  

temperature for a group.  

This„ sub-section will consider agnin the results presented in the 

previouQ sub-section, and 'Will extrapolate from them to predict the results 

of other, surveys. 

The median ranee for the British subjects T70.0 14.6 + 1.1,P.°1  the 
centre beint at 68.6°P. The median ra1170 for the tropical subjects we, 

4.3± 	Trith the centre at 61.0.0P." those figures referring to 

dry-bulb tamperature. The data of Houditen and Cook (1939) can be 

transfor.med to dry-bulb temperature, working backyards on the Effective 

rilaperc,ture noract,7cm. This is ()nig po [Able because the relative humidity 

was constant at 507; and the air velocity at 20 feet per minute. The 
median range then becomes 10.5 + 	43, Ilith the centre at 72.60P. 
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Grath 2.4 shows the distribution of the percentage comfortable in 

these three surveys, obtained as soothed curves by the transforms-

tion of the calculated probit regressions equations. It nay at 

once be seen that the medium rang° de,rekses systematically with 

incroasinz optimum telpereLure for the (...,.coup. The fora of the 

rolationshin is Shorn in the Gm ph 2050 Prom this it is possible 

to predict the medium range for a group if the optimum temporrture 

for the group is known. If, further, a figure can be assumed for the 

slope of 1,110 probit regression, the entire distribution of subjective 

rocs on is defined. Since the figures for the slopes in Tables 2.6 

and 2.7 have peen shown not to differ significantly from each other, 

it is 1Q;itimate to take their mean as a reasonable prediction of the 

slope for a bitpothetioal responqc distribution. The mean is 

0.27 ± o.o5/F 
As en example, it is instructive to :ccalculate the distribution 

for the data of Bodfo_d (1956), given only that the optimum dry...bulb 

temperature was about 64°F. This survey was of British factory 

workers in winter, wearing heavier clothing than in any of the three 

surveys used to derive the expression. It is for this reason that it 

has not been considered in. detail. Prom Graph 2.5 it can be seen that 

the predicted median range is 17.9.F.0. Bedford (1964) quotes a 

range within which more than 86r, were comfortable. Using the mean 

slope of 0.27/F°., the width of this range is calculated to bes 

17.9 - 2 	- 3.92)  ) = 9.9 Fp 
0.27 	) 
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since the probit of 34 is 3.92, and of 5O :  5.00. It should be 

noted that it is permissible hero to take 110 too hot' as the upper 

limit, and '34 too cold' ns the lower limit of the required range 

only because the calculated probi t of the proportion too cold at 

the upper end (and too hot at the lover end) is 1.250  which corresponds 

to loss than 0.1$ and is therefore quite ne_ligible. The predicted 

range within which 807. of Bedford's subjects could be expe-ted to be 

comfortable, I s thcre fore calculated to be 59-69 °F. Bedford quotes 

the range 60-68 Op, in close agreement. EU figures wore derive d. from 

a histecram with groupings of 1.F.°  , and are thus not more accurate 

than this. 

By means of a similar calculation, usinL the mean elope of 0.27/ P°  

and the fact that the probit of 140, is 3.72, it may be calculated that 

the '10$ rare' predicted by this method rill be : 

1 5  - 
372 	 ko n arrewer than the median range for a hypothetical 
0.27) 

distribution, i.e. 9•5 P° narrower. Then this is drawn in Graph 2.5 

it can be seen that the 'la; ran,el will be sere when the opti mum 

temperature i s about 74 oF 	This means th,t sheen a group of subjects 

are tcclimatised so that their optimum temperature lies above 74°  F 

Sever than 80'; will be comfortable oven at the o.- mums In the can e 

of Wobble subjects, f or instance, only 43;7!, were comfortable at the 

optimum temperature of 31° D.B. The remainder were equally divided 

betwee_ those too Let and those too cold. If the above relationship 

is _morally true, the hither the preferred temperature for a group, 

t o smaller the proportion comfortable at the optimum. In the last 
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thirty years preferred tenperctures have increased considerably; 

the consequences could be inconvenient. 

The remaining surveys appea-rinG in Table 2.1 quote their results 

in terms of Effective Toqmr;ture. 8iailar calculations based on 

the fiGures in Tables 2.4 and 2.5 lead to the relationship shown in 

Graph 2.6 betvecn the median range and optimum temperature for a 

Group when both parameters are quoted in terms of Effective Tonperature. 

The mean 'elope is here 0.38± 0.05/F.°  (E.T.), and leads to a prediction 

that the 110;'.2 ranGet 	be 6.8 P.°  (E.T.) less than the median ranGe, 

and thus zero et 73°F.(E.T.)• 1:.12en 0. Group of subjects are acclimatised 

Co that their optimum temperature lies above 73°.P. (13.T.) the predic. 

tion is that fewer than 30er., of their number will be comfortable, even 

at the optiaum. It may a.11:30 be seen that .for an optimum temperature 

of 66°F. (E.T.), the '10-1#Q ranGet is only 2.1P; this means that the 

envirorment must be controlled to within 1.1.• at 66°F. (E.T.) if 

fewer than 	are to complain of eithe$ heat or cold. Usins the 

relationship shown in Graph 2.6, (X 0.29 (96 To.),  where X is the 

width of the median ranGe and iropi, is the optimum Effective Temper, tura 

for a Group),  and the :nean value of the probit reGression coefficient, 

0.31F°  (E.T.), the predictions oot out in Table 2.9 may be made. They 

ai7eo closely with the results of the actual surveys, which are also 

shown in the table, the limits of the predicted ranges beinG in every 

case within ± 0.7r.° (E.T.) of the Eit,--ures found by ex..periment. 

Table 2.10 shows the equations derived from the re -.calculations 
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of published results that a,pear in Section 2.4. They predict with 

considerable accuracy the response distributions of groups of people 

accalmatised to teaperatures in the range 65 — 05° F, providing thct 

tey are licjhtly clothed and not performing much physical rork. They 

do not hold Good for European visitors to the tropics; a reason for 

this is sugessted in subsection 2.6. They may be used to predict 

the response distributions that rill be obtained then a group of 

people have become acclimatised to a particular temperatures 	Thus 

if an onLlosure is to be mintained at a given temperature, these 

equtions can be used to define the limits of permissible variation. 

They may be of use in the design of control equipment, and also in 

deciding in -Avanee the temperature rhich a group should be 

'conditioned' to prefer. 

Suanax.7. 

Equations have boon derived rhich predict the response 

distributions of groups of people ac, limatised to temperatures in 

the range 65 . 65 	D.B. 	The preferred, or Optimum, teaperature 

f or the group has been shorn to have a systemtic influence on the 

distribution parameters. In general the equations Silauld be token 

to apply to conditions.rather warmer than ideal, to nhich a group 

has habituated if not acclimatised. 

206. Acclimatisation and subAective sensation. 

Ellis (1952) renorted the surprising result that men rho had 

been twelve months in the tropics were less tolerant of heat than 



57. 
the ealefaen after tin months, and that a period of a reel: spent 

in a cooler climate had no effect on their thermal responses. 

This suggests at once that physical acclimatisation was playing 

a considerably smaller part than were changes in mental attitude 

towards the heat. On first arriving, men would a.;:pect to ho 

uncomfortably hot allost all the time. As time went on they 

presmanbly abhioved a measure of physical adjustment, such as 

marginally increased capacity to sweat, altered behavior and 

activity patterns, and so on, but as they becale able to be 

comfortable come of the time, the; would become correspondingly 

intolerant of conditions to which they could not adjust. 

Section 2'4 e:Alred that tle subje,ts in the surveys of Ellis 

(195 2), Ellis (1953) and rebb (1953) had all by habituation reached 

the stage where 50!, would call conditions below 82 OF E.T.) 

'reasonably comiortable 	Hmever, the results in Table 263 33 

show that 50 of their number experienced a sensation of warmth 

at 75.3°, Tin° and 79*6 °F (E.T.) respectively. 	These figures 

are significantly diL:erent from each other at the 01001 level. 

Examination of the original data shows that the subjects in each 

survey had been int_m tropics less than one year, loss than two 

and a half years and .:lore than ton years respectively. 	This 

sLows a slight but significant accliaatisation over a long period. 

The comfort ranges rAind by Ellis in his two surveys were 

much rider than those round by rebb or than those predicted by 

the equations of Table 2.10. It has been shown that the upper 
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limits of the median ranges in these three curveys co-incide 

exactly at 820  F 	The =malice are thus due to teleran,e 

of cold. The subjects in Ellis' surveys veil) Europeans rho might 

hesitate to describe any temperature above 70 0F as 'too cold'. 

Tie subjects in ebb's survey, wile rere either inaigenoun to 

05.21Lapore or had lived there a ver; 1on time, ver0 in no ouch 

artificial situation. Thum althouh their physical aeclimatis tion 

174 better, they were used to bairn. comfortable and more intoicrent 

of deviations from the ideal than the Europec,ns rho had recently 

arrived in the tropics and mere thcrorme used to being uncomfortable. 

Thus it may be seen thtt accIimati -rtion to heat Can have the 

percdoxical effect of reducing the comfort range as defined by 

subjective response. 

A long-term physical acclimatisation to heat is demonstrated 

from the publidhed literature. It is shorn to be associated rith 

reduced subjective tolerance of deviations frozi the ideal temperature 

conditions. 



Table 2,1, Survey:  results excmined in Section 2.  

59. 

Data from the following surveys are recalculated by probit analysis: 

Reference* 

Ellis (1952) 

Ellis (1953) 

Hickish (1955) 

Houghton & Cook (1939) 

Webb (1959)  

Subjects questioned in survey* 

British naval personnel, tropics, chipboard 

British eivilfahs., tropic°. 

British factory workers, sunmer* 

American surgeons, theatre staff, summer. 

Residents of Singapore* 

The response distributions of the following surveys aro coy 

with theoretical predictions based on the above recalculation. 

Reference Subjects questioned in survey 

Bedford (1936) 

newton, ot al (1930) 

Partridge &liaelean (1935) 

Rum101, et al (1939) 

'region (1926) 

Yaglon & Lrinker (1928)  

British factory workers, winter* 

American office workers, suamer* 

Canadian school children. 

American office workers, sumler* 

American subject. 

American subjects, summer* 



GO!  

Table 24. Forms ..of ouestionnairej toiitt c: of response categorios  

Voighting for 

present pur-pose 

Responso categories 

Bedford 4950 

Hickish (1955) 

Houghton 8: Cook 

(1939) 

Webb (1959) 

3 mula, too warm (Deidoclly bot)z 

Decidedly warm 

',.:cessivolty hot 

2 Too warm Slicjitly NZ= Hot 

Vara 

1 Comfortably Tzza Comfortabl,y warn 

0 Comfortable Ideal comfort Comfortable 

1 Comfortably cool Comfortably cool 

.2 Too cool 3liijit3r coo?  
Cool 

Cold 

Much too cool 
Decidedly cool 

(Doci'dally cold)x FaCeSeively cold 

Hot obtained. 

Note: Only those replies within the central zono (-.1,0t41) mention the 

word .comfort!. In c ign.m0  reiglAto intended to lead to comparable 

values of the Mean Thermal Vote, t.e distinctions between tiam and 
'hot', and between 'cool' and !cold. hi., c boon ignored as bd._ ,r too 

ambiguous., 
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Table 	?obit variants of three tropical survey results  

A. The•regression of the probit of r..-; funcomfortablo due to rurnth 

(+21  +3)1 on theznal stress. 

Thenial 2 
Source Stress Slope(SoD) Medival(S a Do) 10'f value X 

Index (sel)) 

iii0 (1952) Baoio E.T. 0.40t044 80.5t0.9°F 77004.0°F 

Ellis (1953)  Normal r.T 0° 55E10 05 02' 420 4P F 78,  GiO*50p 24'2 
on 5dofo 

Webb (1959) Sirksnpore index  0.  5910•05 81°21003°F 77* 9I0* 5°P 13'5 
9d.f. 

B. The rezression of the probit of % reporting anY senss.tion of •rarmtho 

( 1, 2, 3) on on thermal ctross• 

Source 
Thermal 

Index 
S) lop e (So D) Metlinn(S.D) 1 	Value 

(SoD) 

2 
'-)L 

Ellis (1952) nsio EoTo 0'28t0•02 75310.3°P 70.7104'5°P Cirr0 
on 12 def. 

Ellis (1953) 'Tonna' Eel', 0° 2910,01 78* 210,04°F 75.610 	1,1  11'9 
on lOciofo 

l'iebb (195 9) Sinsapore 
Index 

03404104 7306X0. 2°F 75'020.5°F 14.02 
on 11clof. 

Indicates statistically sinificant heteroLonettyo 
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Table 2.4  rxobit ana ais (1939) 

(Probit of uncomfertable versus Effective TemT)erature) 

Discomfort 	Slope 	Median 	2g4 value 	x2  
due tot 	(S.D.) 

	
(S.D.) 
	

(S.D.) 

Warmth 	0'392045 	31o.14°F . 69°110* 3°1? 	2.67 

3) 
	 on 6 d.f. 

Cold 
	

1:0.05 	64' 51.0. 5°T 
	68.110.5oF 	1125 

on 7 du. 

Table 2.5. Probit an3ysie published by Webb (1959) 
(Probit of • uncomfortable versus Sinwore Ind ) 

Discomfort 	Slope 	Median 	to value 

due to: 	 (s.D.) 
	

(S.D.) 

trarnta 	O. 3910°05 	61' 2±0,,25617 	(770910,50F) 
	

13.5 

( 21  3) 	 on ,9 

Cold. 	-0,404)4106 	76°2=0.50P 	(79.4±0.7°F) 	11.0 
(-21-3) 	 on 3d•f• 

x The calculation of the l(V) value has been ea.,ried out from the published 

fiLures; an assumption is involved in the calculation o. the standard 

deviation. Reference to this is made in the text. 



Table -2?  6  Probit, analy•sis of data Emu Rick; 51, (1955)  

(Probit of %uncomfortable v.rsus Dry bulb tamperaturo). 

Discomfort 

duo to: 

Slope 	iqs 

(S.D.) 	• (s.D.) 	(s.D,) 

2 
X. 

z 
Warmth 	0.2610.02 75.94004°P 70,0910.4P1' 	34,1 

( 2, 3) 
	

on 9d.f. 

Cold 
	

'-0.33.06 61.3.11.0°F 65,210.5°P 	0.9 

(-2-3) 	 on 2.d.t. 

x In: 	statistically siLnificant heteroseneity. 

Table 2.7. Probit analysis of data from Webb (1959)  

(P?-obit of % uncomfortable versus Dry bulb temperature). 

Discomfort 
	

Slope 	Median 	10 value 

due tot 
	

(S.D.) 
	

(S.D.) 
	

(S.D.) 

z 
0.1610.05 	140.7°F 	75.8±2.2°F 	47.6 

on 13da 

0.32±0.©6 	73.8 0.7°p 	32.00.5°F 	19.9 

on 9 d. C. 

Warmth 

2t 

Cold 

(-20'3) 

x Indicates statistically sioai:icant hotoro-enoity. 



64. 
Table 2.8. Probit alnaZysis of data from 1;.; pki sh (1955) and Cobb (1959)  

(Probit of fiC reporting are lomat ion of 'rarmthl vr,..rsus Dry bulb temperature) 

Data Pr M1 	Slope 	Median 	lc% value 	)(2 

(S.D.) 	(S.D.) 	(S.D.) 

Hickish (1955) 	0* 22i0.02 	71.510.2°P 	65,710,5°P 	16.8 

+ 2t + 	 on 8 d. f. 

x 
Viebb (1959) 	0.17±0.05 	83.1409°F 	75.612.7°1? 	24.5 

1,+2,+ 3) 	 on 5 d. f. 

x Indictee statistically significant heterogeneity* 

Table 2.9. Predi_tion and co iva.rison of the results of et it, s cgs* 

-Source 	Optimum 	Criterion 	Predicted 	Published 

^.T. 	0 can' ortablo 	rarz,e.E.T. 	range, E.T. 

13ed.for;:. (1964) 
60°  

11.97. 
Taciou 	67°  

80 

500 

57.6-62.4°  

62.8-71.2° 

57-6 °5.  

65,,,71© 
(1926) 

Patridge & 	664°  50% 62.2-70.80  61.5-71. °  
Maclean(1955) 

Yoziou et 	70.8° , 50% 67.1-74.4° . 66.5-75° 
Drinhe/(1926) 

Rummel of al 	71.7°  50% 60.2-75.2° 68.4-75°  
(1939) 
Norton et al 70.0°  50% 66,2-73.8°  66.9-73.6°  
(1930) 
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Table 2.10. Comfort vote distributione 

Men P1  « Probit of the proportion roporting diocanfort duo to warmth. 

PC 	Probit of the proportion 'sporting discomfort due to cold. 

Tom Optimum temperature to thich the group are ac,iliMatieed. 

T g Temperature in °F. 

the folloving equations define the predicted fami2y of curves: 

Effective Teap 	ure.  

PH 	0.50 T m 0.325 Ton 	0.29 

PC 	T + 0.435 TOM 
	0.29 

Dry bulb tmperature 

P11 74.. 0.27 T 	0.159 Tan 	4.50 

Pc  4-0.27 T + 0.381 Ton  *50 
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3. 1. Temporal scheme.  

The work described in this thesis vas carried out between May 1963 

and October 1966, based at St. Mary Hospital Medical School, London, and 

for an initial period at the Central Public Health Laboratory, Colindale, 

London, whore six months were spent in the develoiment of suitable irrtru. 

merits. FrOA December 1963 to December 1965, an intensive series of 

visits to a large number of operatins theatres was carried out, and in 

the remaining time the data was transcribed and computations performed on 

the IBM 1401/7090 system at the Centre for Computing and Automation, 

Imperial College, London. Additional computations were later performed 

on an identical laaohine in Stockholm While the author vas working at the 

Swedish National Institute for Building Research. 

3. 2. Organisation.  
During the initial period, design studies were carried out on the 

various forms of instruments to be used. These are described in the 

following sub-sections. The author took part in a survey of air-borne 

cross-infection in surgery in order to become familiar with the routine 

of workin in an operating theatre and to study the feasibilityof the 

proposed scheme of measureaentp 

Perms were designed and duplicated to standardise the measurements 

antl notes that were to be made. It was planned to study at the same time 

the method of working of staff in different layouts of operating suite 

and to this end the author was aocompenied on most visits by a nurse, who 

also assisted in the questioning of the surgical team in the thermal 

survey. 

In the available time, two alternative methods of investigation 
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were possible: either one could choose a very small number of theatres 

Pnd  study then intensively, or one could include as maw as possible on 

a Survey basis. The former method would make it possible to carry out 
more elaborate measurements, involving a degree of preparation of the 

theatre and collaboration by the surgeons quite impracticable in a 

brief visit. For 4Th:taneet  the climate in the theatre could be controlled 

for the purpose of the experiment, recording instruments could be installed 

and surgeonerrai conceivably be persuaded to year monitoring instruments 

themselves. It was decided to adopt the Latter methodl  that of brief 

visits to a large number of theatres, for the following reasons. Firstly, 

in view of the diversity of types of theatre suite in use, the results 

of experiments performed in a few selected theatres, however well chosen, 

could not be (Aneralieed to apply on a national scale. Secondly, a very 

great deal of work has been done on thermal comfort both in climate 

chambers and in working situations, and the findings are apparently in 

conflict with the general views of surgeons. It was thought important 

that the present survey should study thermal conditions in. theatres where 

work 

 

was proceeding as normally as possible, without altering control 

settings and without remaining long enough to alter the attitude of the 

surgical teams. Surgeons are used to miscellaneous visitors and apparatus 

in their theatres, but not to working in a climate chamber. Thirdly, so 

little is knovn of the retisons for inter-personal variation in thermal 

preference that a survey of Bedford's typo in which a large number of 

subjects are questioned infrequently was thought preferable to one in 

which a number of supposedly typical subjects are studied intensively. 
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The co-operation of the consultants of thirteen hospitals in, and 

near the London area was obtined, and visits commenced in December 1963. 

It was planned to spend three working days in each suite, thus covering 

a possible six half-day operation sessions on each visit. Three such 

visits were to be made to each suite, et different times of the year 

separated by about four months. A preliminary visit was made on each 

Monda7, when contact was Made with the staff and the surgical scheme for 

the reek was as far 'at i,ossible obtained In some cases the visit was 

necessary to locate the hospital IA.-cell'. (On one occasion the team 

presented themselves initially et the gates of an adjacent prison.) 

It uas found that most surgery of the elective type tended to be 

performed in the middle of the week. Naturally, in'busy hospitals, all 

available time was used, but in general it was found that a ,-,reater volume 

of work could be covered by visiting on Tueeday, rednesday and Thursday. 

Thus Friday was usually available for a certain amount of compilation,. 

and each week could be devoted entirely to a particular hospital.. Some 

racks of the first year were set aside for re.calibration of the instru 

ments and for contingencies such as the closing of a suite or the repair 

of instruments. Visits had to be arranged at least three months in advance, 

and it was found that the above scheme worked very flexibly. Three 

hospitals in Scandinavia were visited during the summer, for the customary 

three days each. 

As the actual process of data collection became more routine, it vas 

found possible to include more items of infornation and the survey was 

expanded to include them. In the second year, visits were made to eleven 
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hospitals outside the London area as well ass to seven more within reach 

of London. A completely new eerie° of concurrent measurements of skin ,  

temperature and of sweat rate Lbegan in the spring and continued to the 

end of the year. A pursuit meter of a new design was constructed and 

on about one hundred occasions performance measures were obtained from 

surgeons. At the same time, the thermal questionnaire procedure was 

continued, and this formed at all times the main part of the survey, for 

while it was almost always possible to take the readings required and to 

interview the surgical teem, however briefly, the variations of plan and 

unexpected contingencies that are normal in surgery often made it impossible 

to do more. At all times the data collection was altered to fit in with 

the progress of the work, even to the anent of cancelling it altogether 

if an emergency occurred. Al, no time were unreasonable requests made 

of surgeons, and in this ray a very great deal of co-operation was in 

fact obtained. 

3. 3. instruaentation. 

Measarmente of the four main thermal parameters. . temperature, 

humidity, air-velocity and thermal radiation . were required. They 

were to be related to the thermal sensation of the members of the 

surgical team, including the anaesthetist, and should thus be taken as 

close as possible to the person to be questioned and to the time to 

which questioning would refer. Thus readings would be taken very close 

to the table, at different heihts, and during actual operations. The 

time available for such measurements would often be very limited, for 

they were always to be taken during a quiet period in the middle of an 
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operation, after the initial movement of staff and before the increased 

activity at the -closure. This period could be as short as ten minutes 

even in a thirty ninute operation. As 'Ear as possible, members of the 

team were to be questioned eVery two hours, or twice in a four-hour 

session. It would usually be possible to foresee the approximate length 

of -well operation aid to select the longer operations for measureaent. 

For each Person, sets of readings of the four thermal variables wore 

required et heights of 6 ft., 3 ft. and 6 ins, above the floor. The 

three sets of readings taken es close an possible to the Lcoup at the 

table could be used for all those in the 5eoup. One set of readings was 

to be taken within the central croup, on the table and close to the 

incision. A further three sets of readings wore to be taken near the 

anaesthetiet, that is at the periphery unless the theatre nas unusually 

large. 

It can at once be seen that conventional instruments would not be 

capable of fulfilling the above requirements. Neither the whirling 

hygrometer nor the kata thermometer could be used within the central 

group, because of the risk of breach of sterility by touching the towels 

or the gowns, or indeed of causing injury to the surgeons in the case 

of the hygrometer. In addition, the time required for these measurements, 

which could not be taken simultaneously by one person, would be too long. 

The globe thermometer, even in the 'accelerated' version of lIollon and 

Crockford (l959), would take far too long to reach a reading, and would 

be too bully vs well. 

Various forms of instrument were considered, To minimise the actual 

work of writing down readings, it was decided to record at least two of 
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the four 4,utomatically. To decrease the time constants, a considerable 

degree of minituarisution vies clearly required. The sensing elements moot 

suitable for small, highly portable apparatus were thermistore, available 

commercially in many forms, and eventually the solution adopted was to 

base all four measurements on battery.powered circuits incorporating 

those elenents. 

The design studies for the instrumentation were carried out in 

1963, before registration for this thesis. The work was done under the 

supervision of Dr. O.M. Lidwell, the was responsible for the final design 

and construction of the equipment, and a report has been published, by 

Lidwell and \Vyon (.19613)• 

3. 4. The 

A form of ventilated Assman thermometer commercially available 

(ellycrophil 	Ultrakust Gergtebau) was chosen as the basis for the 

equipment. It is in the fore of a pictoi, in which a battery operated 

fan draws air along the 'barrel/ from a precisely determined measuring 

area at the tip, causing it to pass over two glass-encaeed thermistors 

which are completely shielded from thermal radiation by the shiny metal 

casing. One thermistor is dry, the other kept wet by means of a wick 

leading from e. distilled water reservoir. The encasement in glass is 

such that the very fast variations of temperature fopnA when naked 

thermistors are exposed to a high velocity are smoothed out, while the 

time constant remains adequately short. Either thermistor can be included 

in a bridge circuit, and three ranges are provided for each. The bridge 

circuit and meter are located in a separate casiru connected by a 3 ft. 
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cable to the tpittolI* Graduations are in 0.5°F. steps; more accurate 

measuvenentt is rendered meaningless by the variations of this order that 

take place in seconds in the turbulent air of an occupied theatre. The 

timo to roach a dry-bulb reeding is only five or ton seconds while the 

full yet-bulb depression is reached after twenty to forty seconds, depending 

on the manitude of the final depression. The *pist611  part of the equip-

sent is 11(111 enouji to be  held steadily in position for two or three 

minutee, and the noise made by the battery-powered fan is very low. 

Itorelt can be extended by moans of a 10 ins* length of tube, so that 

then held'at arate length the point of measurement . the tip of the 

extended baxxe1 - can be three foot from tho observer. 

The anemometer and radiometer were constructed in such a ray that 

their eensing elements could be located at the tip of the thermometer 

barrel 3?' 	3.1.), connected to the necessary measuring circuits by a 

nulticore cable. These circuits wore conveniently located together with 

the motor part of the Assman thermometer in a single chassis that as 

supported by a strap round the neck of the observer and carried at waist 

height against the body. (Fig. 3.2.) then not in use, the pistol could 

be placed in a rack on the front of the unit, enabling the observer to 

write down the readings obtained* The unit could conveniently stand 

on a table or shelf at the periphei of the theatre in betvieen sets of 

measuroaente and while attaining the 	equilibrium. A noise meter teas 

alto incorporated in the asse-abl3r, using a desk microphone end the 

transistor atrplifier of the radiometer, the output being recorded on the 

paper chart* ReLdincp were taken during representative operation s in 
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nearly every session rtile the instrument ias thus stz,nding at the 

periphery of the the,-,tre. A description of this mat of the inntrument 

and of the results obtained is to be found as Section 6.1. of this'  
thesis. 

The assembly of instrumonts and the construction of the anemometer 

and radiometer have been fully described by Lidrell and rpm (1968), so 

a superficial description vill suffice hero. 

3. 5, Anemometer.  

In order that the sensin3 element should be both el:trano3,y small 

and non-directionsl, a nol:ed therlistor bead Va0 suspended by its leads 
in a Y-zhap00. support. The bead was heated electrically to a temperature 

roll in excess of ambient temperature, thus rendering corrections for 

ambient temperature changes unnecessary. The change in resistance of 

the bead when cooled by air velocities from 5-100 feet per minute =re 

measured by means bf the out-of-balance current changed in a resistance 

bridLe, the bead formin,2, one of the four arms. A mercury battery provided 

the necessary volteze, end the current, which varied almost linearly with 

air velocity in the range used, could be measured .ther on a moving coil 

meter or on, a miniature parer chart recorder. Before each series of 

measurements the instrument was calibrated by balancing the bridge at 

zero air velocity and constant current. This was ao,olvlidhcd by 

enclosin3 the element in a box, and adilustins both -mites° and balpilcing 

resietence in an iterative sequence, using the moving coil motor to monitor 

first the current threuh the thermistor, then the out-of-balance current 

in the bride while adjusting the former to a pre.cet value and the 
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latter to zero. The sensitivity was chosen so that 0-100 )IA on either 

motor or recorder represented rouLhly 0100 feet per minute air velocity. 

Calibration curves were obtained every four months by =ins a snall 

wind tunno/ to co pare the readings rith those of a standard inztrument. 

A Lrndual chanso vas observed in the bead characteristics, thou6ht to be 

due to the burn ins on of fine dust particles. 

The element rns held about 11: ins. above the tip of the barrel, wall 

clear of the air movement cenerated by the intake of air to the barrel. 

It vas enclose. in a 1 in. diameter spherical sire case, with only four 

Vertical bands and one horizontal, sufficient to provide protection 

t accident A. dame, but not sufficient to interfere in any way 

with readins of air velocity. It is true that a very sharp "shadow" could 

be cast by a vire when the instrument rnz undercoins calibration in a 

laminar flow, rind tunnel, but this vas avoided in calibration and did 

not arise in mea„,urenents, since no such accurately directional flow was 

to be measured, It vas found to be possiblo to avoid spurious readinGs 

of air velocity duo to unsteady poaitionii of the instrument. RoAincs 

were , obtained as low as 5 feet per minute chile the in 	was hand. 

held. Below this value the out-of-balance current vas ne,-,41ve, and 

this formed an effective threshold for the instrument that was not altered 

by unsteady positioning. 

Tho variability of the air velocity vns of come intoreet in connection 

rith the question on 'stuffiness' asked of sub ,ects. A measure of this 

quantity vas obt:Aned by considerin6 the occasions on which air velocity 

was measured continuously for over one minute. This only occurred et 
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head-heicht at the table, when the instrunonts wore in position for an 

unusually ion:, time to allow the radiometer to settle to a largo reading 

under the operatinG lamp. Thus on a proportion of the data could be 

used, Variability in those oases was recorded as the averaGe deviation 

ire:: tho mean, roarClese of sten, in foot per minute. re definite form 

could 'cc ass-a:10d for the distribution of air velocity about the mean; 

in some eases it was cla.-r bi-modal, occillatinG between two values 

in a turbulent fashion. It w:s felt that the avereo deviation (1V0 an 

unambiguous, sensitive measure of variability, whereas the standard 

deviation would have boon insensitive, its use Justified only if the 

distribution were normal. 

3. Gib 'Radiometer.  

The basic difficulty in dosiL;ninc, this instrument can be briefly 

stated. It is that in order to reGister ouichly, the sphere onto which 

thermal radiation Illpinos must be vox y small; the coolinG effect of 

air movement on a sphere that i small =ouch . about 21-1.-in diameter 

is so e,:t that the temperature difference between the sphere and 

the ,.ix sur7mundinG it is both un toe a,.nd too small for accurate 

moasuroment, The solution adopted ms to on,Joso the 21m. ophore in a 

I in, diameter po]gtheno bubble. This allowed thermal radiation to 

inpinzo on the central sphere, warming very little itself, and reduced 

the coolinj, effect of air movement to such an • extent that the air,  

velocity correctio:;for tho inttrument was almost identical with that 

for a normal 6 in, unshielded sphere. Polythene is un.,7.sual in, that it 

transmits radiation to E. uniforly high extent over a very wide ranGe of 

wavolonGais (S..bulze 1962). It has been used on a larGer scale to shield 
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vholc.s4y radiometers from wind in metcorolocical applications, thoudi 

thoso instranents have a solid anzle acceptance of only 2 Tr etororadianz 

(Fun% 1959)* The support of tho present instrument was effectively a circle 

of diameter in* at a distance of 1 in., subtendin-; a solid angle of 

only 040039 of the whole sphere, so th,c7 r^lid an;lo acceptance of the 

inetra-zont vco offot,ivoly 4Tr • The ofhore 17C;-a at the end of the bezwel 

of tho 4ssman thernometor7  aapported horizontally by the thin wire I1 fibers 

of tho Cafe on -;hich the po.V:Lhone bubble was fixed. 

The tomr,or-Lture of the 2 iii . 4herc, which vas black and contained 

a thormistor element at the contra, was measured electrically by mocns of 

a 2 167174 AC bridzo. Another thermistor, exposed to the air but Shielded 

froathermal rydiatIou by a silvered cover, formed one, rn of the resistance 

bridge in order to compensate for different 	touportuTes. The out.. 

of.balance current of the bride was aaplified:by means of a two.st 

xcNistor amplifier, ail the rectified final current vas measured on 

either the meter or the recorder referred to above. Before each series 

of measurements, the instrument vas placed in a metal baz, here the 

radiation tomnortre was equal to the air to,verature, and limed to 

reach equilibraum. The balance of the Lridgo'and the 	of tho amplifier 

were adjusted to standcrd values, =ins the motor to monitor the or off`-balance 

current with and without a standard resistance switched into one arm of the 

bridre in parallel vith tho black bond to simulate a chrix;o in resistance. 

The equilibration time in the be:: was .ether ions, particularly when the 

instrument had been brow ht in fron outside on a cold day* This vas due 

part5y to temperature effects on the amplifier; it was not temperature-

compensated since it was intended for use in a telpelz-ture controlled 
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environment. The silvered telper&ture compensating theraistor vies rather 

more massive than the black bead, due to its cover. An improved version 

of this radiometer, described by Lidwoll and ligon (1968), incorc)oraten 

a small, rapidly reacting air temporture compensator in the air stream 

of the Assman thermometer, well shielded from direct radiation. 

Alternatively, the black bead temperature can be directly estimated 

using a stepped resistor. It would probably have been better in the 

present survw to have omitted the compensator in this vay. Calculation 

of the radiant excess tcraper;:ture could then have been carried out 

digitally using the independent mossurment of air temperature obtained 

simAtancously on the AssnrIn thermametor. 

This vas the method adopted for air velocity compensation. Readings 

of air velocity were always taken at the same tine as tho radiometer 

readin-A. A correction curve van derived from mperiments in a vind 

tunnel, and it vas found possible to fit an =preset= of the form 

K 	a  4. b log 17  there It is the correction factor, v is the air velocity, 

and a end b are constants. The corrected radiant excess temperature 

vas then obtained by dividing the rending in microamperes by this factor, 

which ranged from 1 to 0.5 with increasing air velocity, Uncorrected 

readings wore used in data transcription, and punched onto nollerith 

cards, the correction taking place at the stage of computing. Thus the 

expression hod only to be written once for it to be performed 2,500 times 

an a ttransgenerationt in storage prior to each computer analysis. 

In spite of the variable air velocities usuallyeunbored, the 

reading of tho radiometer was steady, enablin6 fl  accurate reading to be 

taken, As the imurnment attained equilibrium during a measurement, 
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the readinc, was displayed on the paper chart recorder, together with 

the re;)cling of air velocity. (Tho recorder was a commerciallyerailable 

pressure»seasitive paper model (i.4robe DC100), modified to have two 

channels The needle vas free swinging, pressed aGni t the paper 

from beneath every 4 pee. A miniature L-,itehine, clavicle caused .the 

radiometer to be connected for three successive readings, the anemometer 

for two, thus automatically coding the two values.) The observer Was 

able to watch the radiometer reading settle to a steady value while 

monitoring the simultaneous reCording of air velocity. Thus the time 

for each rading could be minimised and the influence of sudden changes 

in radiation temperature (thich were rare) and of sudden changes in air 

velocity could be seen and the procedure altered to tako ace'-ount of 

than and to obtain a meaningful set of readings on each occasion, 

" The radiometer readin, could vary `from - 30 to + 70 microamperes, 

and the final range of corrected radiant excess temperatures was from 

- 1.5 to + 11°P. The hilliest readings were always obtained. at the 

level of the surgeon/ e head, in the direct beam of the lamp. The 

reading beneath the lamp at this height but out of the direct beam 

was ueually about ball' this value. The time to obtain a reading of 

+ 30 microamperes was about two minutes, but readings less than this 

took a shorter time. The reference numbers were written onto the 

paper chart to 'identify the readings and link them to the appropriate 

notes and the reading's of wet and (1w-bulb tempereturo that were 

written down by the observer at the same time. The transcription of 

the readings so obtained was a. very lengthy procedure. 
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3. 7. Documentation.  

The fora of analysis deter.Lined the way of recording the data. 

The basic unit of information vas chosen as a 'person-occasion', 

each such unit to form one case in the multiple re„nession  analysis. 

This choice was made necessary by the observational bare of the 

=pa:4_704, Vory seldom do two riaraboro of a cxur&.' oal toam hallo 

identical experience of a session, and it was thought that by taking 

careful account of differences in the number and typo of operations 

attended, in, the length of time spent at the table, in, clothing and 

similar factors, some of the variability 'between people" and 

between occasions for the same person, could be mplained. It was 

not possible to treat a *person' as the basic unit, as there'vas no 

way of ensuring that each person would be encountered the same number 

of times. In the event, more than half of the subjects wore encountered 

only once, whereas some were encountered as many as ten times, 

,Aconsiderable amount of duplication of data is implied by this 

choice of basic unit. Pirstly, a set of readings of the four thermal 

variables taken at the table must be used• for all those who were standind 

at the table when the readings were taken and who were subsequently 

questioned about that period. Readings of noise and counts of the staff 

movement must be used for all those present; dates, theatre and hospital 

identifiLation were the same; readings relating to the environment 

external to the theatre apply to all worldng et the time in the theatre, 

amd so on, Individual accounts must be prepared of each person's ex-

perieme of the session and of the personal details of ,age, sex, race, 

build, height and clothing. In pr,ctice, each a clerical exercise is 
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out of the question in the course of attendin3 and keeping track of 

the progress of a session.. There is usually nowhere at all to do 

paperwork, even for the surgeon, and one is kept fully occupied 

acoounting for the surprisingly large numbers of people walking about 

a theatre (sometimes as many aO twenty individuals would enter and leave 

durinj a soocion), tohin2; the roadilk;s, ro3ordic5 the dotailo en tics 

of the operations performed, intercepting and interviewing the staff. 

The only solution me to trite down cvorything only once, in. the most 

convenient ray possible, on forms that could be filled in on a liar-

held clipboard, anti then to perform the dupli,ation at alater stage. 

This solution was adopted roluctanLly; it would have been preferable 

to be able to punch the records 'dirtctly iron the, field sheets. Special 

summary cards were prepared, and the data for each person.occasion eras 

broujit together on these cards in c form Suitable for punching. 	. 

Since the field sheets formed the framork for the standardised 

collection of data, it is suitable et this point to consider each One' 

separately in sufficient detail to' show that data was collected and her 

it vas recorded in a mcani ;fa' ray, Exnuples of the field cheete used 

arc shown as Vi s. 3.3.-3.10. The hospital, theatre, date and cession 

702,o always written at the top of each sheet in the pace provided, and 

a complaely new at of sheets was used for each separate session. 

3. 7. 1. Operation Data. (Fir. 3.3.)  
The naae of eaah Ope:,tion actually performed was written down 

in the way it appeared on the operating list. The start and finieh 

times were written down to the nearest minute. An cnerai,ios vas doomed 

to start then the skin preparation vas applied, since this marked the 
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start of the sterile procedure at the round site. Si.- 	it was 

cleaned to finish et the conclusion of the sterile procedure, usually 

when the dressing vas applied Both these are definite events, which 

can be exactly timed. The number of scrubbed staff at the table was 

recorded, and if an observer vas gowned and standing with the table 

staff throu- out an. operation, ho also was included. Durin3 each 

operL.,vion the occurrence of /mistakes/ end 'complications/ vas recorded. 

A /mistake vas deemed to occur when any UmAntended incident interrupted 

the operating procedure. For exa-Aple, if en air cylinder failed in use 

and oceasiunsd a pause wbile it was replaced, or if a necessary instru. 

ment vas drolped, e_Pcasioning a pause while it was re-sterilised.- If 

either of those happened in a way not causinL; disturbance or delay it 

vas ignored. The drolpins of en in trumont such as a skin clip, 

replaceable at once from the sterile tray, usually causes no disturbance 

at' c,11 an-) would not, be recorded as a mistcke. A 'complication' vas 

dee'aed to occur if the operation at any stage became more difficult 

than had boon expeAed, necessitating further surgical stops. Thus if 

an aFpendicectomy revealed carcinoma, or a patient vent into cardiac 

failure, a complication was recorded, but if a lararotomy revealed 

carcinoma it was not, since this could have boon one of the possibilities 

envisasod by the surgeon when startin the operation. The purpose of 

reLoraire;these two rather difficult iteas was to investicate their 

effect on the sureonts perception of the thermal environment, not in 

any sense to record medical data per se. In addition, estimates yore 

made of the /emotional tension' in the theatre, on a three point /tense, 

normal, relaxed/ scale, and of the /tempo/ of work, on a three point 
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'hurried, normal, siert scale. It was found to be eurprisirely easy to 

make these estimatee, which= in all cases were relative to the normal 

conditions for that team in that theatre and not to aw absolute 

stantlarde. Thus then a surgeon was recorded as workinz slowly, he rar.4y 

still have been workin-,  er eat deal factor than another surgeon recorded 

as hurry/it, ein.co speeds of vorkinG vary so much bett,een individual 

surgeons. The purpose of those itans vao ^Sal11 to See whether these 

facets of behaviour on a particular occasion could be shown to influence 

the perception of theerivirorraent and thus perhaps accomit for some of 

the variation found between occasions for the sane person. 

On the same sheet the names of the staff prescnt were recorded, 

arul a, re cord kept, of which °pc ,,tions they had at ,,ended. Space MG 

provided for summarisinc; -these details into a re.coni. of the 'session up 

to Q' (questioning) for each person. The suanaries were prepared, at 

the stage of compilation. At this point each operation was classified 

as mazIor, average or minor and assisned. a 'difficulty category* of 

2, 1 or zero respectively. The categories rare based on the scale of 

charges doer irivate 	recommended by the .7-Tinistry of Health 

(Statutory Instrumerrt, l953),  and. naturally many objections can be 

raised to measurin:.; the difficulty of en operation in gulnws. Tho 

fact is that a eunnosevaly minor operation can turn out to be of 

exceotional difficulty, and vice versa, depenclinc„,  on sometimes quite 

minor features of the tads and on the particular skills or experience 

of the surgeon. rio satisfactory estimate of the difficulty of en 

opertion can be made, ce tai.n1y not by an unqualified observer. At 
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the a= time, it was felt that it would be loss than useful to ask 

tho sur6eon hiMself if 'an operation hud been difficult,' since the 

would have depended on the personality of the surceon and on 

his attitude to sucil questions. 

Por each person-eccasion the cam2ary Concisted of the duration 

in minutes of the total operatin time up to alles,ioninc,, the time.; 

voicAted moan difficulty, tho total3number of mictaftes end of cotplioa- 

tions occurrina in the operotions comoleted prior to questioninc, 

the w)propriate 'tension' and ltear)ol estimates for the period, and 

the time-mir- ea mran number of scrubbed 	at the table. Prequent4 

the sane st,:amary could be used for a nixaber of people Vie had ail been 

present for the same oper.:1;ion crd had all been ouestioned at the 

sane time, but Ina lonL; list a reat number of combinations wore 

possible. These represented real differences of mmerience, however, 

and it vas therefore considered vorthvhile to':o to these lencths. 

3 7. 2* =sical:leo ...411-o '. 7.z. 

dn this sheet ;,cre recorded the r•=cured dry-bulb tempercture 

at each of three hei-hts above the floor, at each place and each tile 

a cot of ra..:din3s was taken. The occasion was identified by ra CCM of 

the ar et time and by moans of a brief rote in the space provided, such 

aS 'after operation 1' or 'thu.ino oporrtion 0. The nutbers I to IV 
identify reLdin,ls belon6inc; to the same set, which may have boon taken 

at slic,htlg different times but were intealej to cover the some period. 

At head hek_ht and within the central croup ('on tab is), the wet-bulb 

teaperature vas also measured. Space was provided on the forl for the 

readinlp of air speed and of rLdiLni, excess temperature that were always 
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taken at the samo time as the to-aperf,t-,:re readings. These were viritten 

autesz,tically on the paper chart alit were internr.eted and transcribed 

at the stage of compilation. It the time of moctottro-nent, ax.. identifying 

letter was written on the chart and in the o,Foropriete column on the 

for so that readings co :ld be linked reliably to the correct time and 

tannerats-re. The compilation procedure involved deriving the relative 

hunidity from the temnerature readings end transcribing the chart 

readings onto this form. 

The chart; readings of :radiant encees temperature were easily read 

off, since the readinss wore always csentinued until a steady value of 

radiant excess temper.7.-Aure had been reached. They were reed in micro-

amperes above or below the e::porimmtelly deternincd zero, and written 

onto the form as uncorrected values of radiant excess temperature, 

10 microamperes being written o.s 1F°. Thus they were recorded, to the 

nea,rest 1/10 Ili) - not because they were as accurate oso this but because 

they wore to be corrected dij:tally for air velocity, end rounding-of4. 

errors would have boon introduced had this not been done. Men todingi:•, 

three deees F. were addod and the decimal point removed, in order to 

avoid negative values and so ass to be able to punch each reading in 

only two colirans of a Folleristh card. 

The into rets-tion of the air velocity readings presented more 

Problems. Ingeneral, the separate readings were read off and their 

mean dotermined, but where systematic variation was preent, the final 

sir velocity ra-,,,ched rat, used because it was this, value that vs,s 

asso4c.,,sted with the equilibrium value of the radiant excess te-aperature, 

ald thus this value that would be used to corre.:t the radiometer 
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reading for air velocity. Tho mw.nvari,"..-,tionof air velocity was 

deterained rhere appropriate, as has boon mentioned above, but in tho 

majority of casco, too for reedincs rare avoilablo for arellable osti-

slato of this quantity to be nado. It rns u.A.oected that air *velocity 

tnul<l in the theatre situation be a vnriablo having little thermal 

since on other crounds air volocitios are kept as low 

as possible, and this turncd oat to be the case. Thus it was not thought 

ncoossary to be too ricprous in the me:suronent of air velocity. neverthe. 

loss, all readilz;s tore oorre tea accordin: to the calibration curves 

obtinca 7)c/10d3.t:rally froa rind-tunncI anoorimonts, in order to avoid 

introducinc systematic errors.b.ch  sernrate re ding of air velocity, 

vas probL:b.t • accurate to within ono or two foot per mirnto, but the ,  
variotio:: about the moan could bo as 	as 50 per cent. with such 

low air velocities. The readinj;s of air  velocity viers entered a.s feet , 

per minute in two punched columnn for each value. In the handful of 

cases there the measured and corrected value was over 100 foot per minute, 

the ficare entere6 rae 99, ro volucs zero obtained below 5 foot per 

minute, for the reason roforred to in the discussion or the effective 

threshold of the instm3ont, and this caElfred that tho correction 

factor for the radio:aster, rhich involved the /ogarithm of the air 

velocity, J.enained rithin reasonable bounds.. 

If two sots of re:-,dincs had boon taken prior to questionins, the 

socond sot vas alwayS takon„ CZ the olostioner had always requested the 

object to refer his answers to the later Dart of the session if ho 

felt that that ,.as different from the earlier part, or if the rot-Ai/103  

indicated that a mar hod 	of thormal conditions had in fact taken 
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place. 	This happened very infrequently. 

Rough measurements of 	values were taken in some theatres 

and recorded on those Sheets.,  Some use of them is made in Section :19„ 

where the measuring technique is also described. 

3. 7. 3, Personal Data (Pig. 3..)  
For every member of the surgical te present during a cession, 

a summary of personal details and clothing was corploted as one rau 

of this sheet. The subject's name, 'status' (surgeon, assistant, 

scrubbed nurse or anaesthetist and sex mere written down.. An esti- 

mate of age was made, later to be grouped to the nearest five years 

for punching. It vas usually possible to be as accurate as this. 

The eubjects* race was written down as one of six broad categories, but 

in the analysis distinction was made only between 'north Puropeans* end 

others in order to have sufficiently large groups. The build of a 

subject vao assessed and written down as one of five categories (fat, 

thickset, normal, slim and thin). The population aver ge was subsequently 

found to be very close indeed to 'normal*, so apparently any marked 

bias vas avoided. Similarly a subject was classified as above, equal 

to, or below normal height. Such estimates are not difficult to make 

with a fair degree of reliability. If the subject vas rearing glasses 

during the session, this vas recorded. Details of clothing were recorded 

in words; informal questioning during the interview served to elicit 

details of extra items that were not visible. As mentioned above, female 

st2ff were usually questioned by a rinse, male of ,f2 by the author. 

Their clothing details were coded onto five columns of the punch card. 
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It Later proved to be impossible to decode the data into a usable form 

by means of the transgenerztions that were available with the multiple 

re„Tession proms. This was a mistake, due to a desire to retain all 

the data. A special prejram vas used later to decode the data onto 

a third card in the form of the number of layers of clothing and rhether 

an apron. was MIT. This form of recording would have been better in 

the first place, 

3. 7. 4. Responses (11.6, 3. 64. 

This sheet was completed while interviewing each subject. The time 

of questioning was written down, and the occasion (e.g. 'after operation 

two') to relate this data corxectly to the relevant details of the 

session prior to questioning. The subject's name and status were 

recorded, each subject being assigned a block of four rove in order 

to keep together the records of successive Questionings. In practice 

a subject vas rare4 questioned more than twice in a session unless it 

lasted all day. The average duration of the session up to questioning 

was 120 minutes of actual operating time. 

The results of the interview consisted of five 'votes' on multiple 

choice scales, one observation and four 'opinions' in the form of 

'yes or no' res2onses to direst-questions. The sequence of questioning 

is shod in Table 3.1. It was strict4 adhered to in wording and 

sequence, and little amplanentary =planation vas necessary to make 

clear to subjects the meaning of the questions. Sometimes it was 

necessary to emphasise that the questions referred to the sub joct's 
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own subjective sensations and not to some sapposed optimums As 

mentioned above, if the subject expressed the opinion that the 

conditions had Changed during the session, he was esked to refer in 

his replies to the later part, which was usually felt to be more 

stressful* Actual changes of conditions occurred-very seldom indeed 

end questioning was usually delayed until conditions had been steady 

for at least an hour to avoid ambiuity* Care was taken to keep sub,* 

jects unaware of the actual temperature or humidity, to avoid the 

danger of obtaining only a ,1;ereotyped resonse to the figure itself. 

Thermometers in the theatre were either removed or turned to the rally 

electrical thermometers were switched off, and if these measures 

proved impossible, doubt vas cast on the reliability of such instru-

ments. If direct questions were put about the readings, it was explained 

that for the purpose of the experiment subjects should not know the 

actual fiLurce before reporting their subjective sensations, and no 

information was LI.ven until after questioning* The discrepancy between 

the supposed ficure and that measured was commonly very great; the 

majority would have autosi ti.:ally answered 'too hot' if they had known 

the temperature was above 700P, whereas in ignorance of the exact 

reading quite large nuMbers were subjectively csaiorteble up to 8002* 

This vas a crucial part of the caperimemt, and neglect of this aspect 

could have led. to very misleading results. 

The rationale of using such subjective scales has been discussed 

in the introduction and the thermal Scale has boon extensively tested 

in Section 2. The five point stales for istuffy/fresh* sensation. end 

for perception of air movement have not been used. in this form, 
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end the results are in any case specific to the wearing of surgical 

clothinz, in particular a mask and rubber gloves. It IS interesting 

that most people found no incongruity in judging whether a the:: 	was 

'stuffy' rhile rearing a mask. The questionin took very little time, 

ton questions requiring only-  simple answers being sufficient to obtain 

the appropriate score on each of the five scales. 

Prior to and during Questioning, the extent to which tho sabject 

was sweating was obsarved by the interviewer and noted in the appropriate 

space we the tP-estimatet. The scale is given in Table 3.1. As subjects 

mere always questioned before lecving the theatre or immodiat4y after. 

wards, this estimate does refer to their physiological equilibrium during 

the operation. 

The questions on noise, humidity, overcrowding and staff movement 

more then put to the subject and the answers 'yes' or no were recorded. 

Any spontaneous remarks were also written down, and although no use 

has been made of these in a formal way, that' have been very useful in 

forming a ;Amaral impression. 

It was often convenient to question a surgeon while he was sorubbin-,  

for tho not operation. Inmost cases, a more elaborate questionnaire 

would have taken too long. By using only this bite, simple form of 	OA. 

interview, lasting at most a minute, it was possible to avoid delaying 

the subject and thereby reducing his willingness to co-operate and 

give considered replies. Another advantage was that one person could 

question a. number of people in the rather short pauses between operntiont 

then questioning was at all possible. 



97. 

3. 7. 5. Environnent external to theatre. 	 . 3.7.E  

At a convenient stvp.6 in the session, usually during a long 

operation when it was possible to leave the theatre briefly without 

loci ; track of the events, a series of spot rozdings of vet and. dry-

bulb temperAure were taken in the other rooms 02 the theatre suite, snd 

of the outdoor conditions, usually th.v.v..0. a window. At the stage of 

compilation the relative humidity was derived and eumaaries made up 

for each staff category of the average temperature and humidity in 

the rooms used for resting between operxtions, of the rooms from which 

that staff category could enter the theatre and of a.11 the rooms entered. 

Iry that category. For instance, anaesthetists rarely entered the 

sterilising rooms, which could. be quite hot and surgeons rarely entered 

the anaesthetic rooms, vthich could be quite cold. such d' fferances 

could conceivably lead to different subjective judgements of the 

tenverature in the theatre, by contrast if not by thermal effect on 

the heat balance. Unfortunately these records were not alwaya taken, 

particularly in the early p!xt of the survey, and thus it was impossible 

to include them in the mein analysis. They are analysed by a special 

technique for missing data in Section 6.4. 

The outside temperature at 9 a•M• on each day was written in at 

compilation from meteorological records„ and the mean temperature for 

the precedinc,  18 days. The barometrio pressure and tendency were 

also included, but no correlation with response could be shown with 

over 2,500 pairs, so no further mention will be made of than. No 

cons'istent record of weather was kept. 
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6. 2.1rsa9sLtan 	.e. 

Readings of surface temperatures in the theatre were taken on a 

nuMber of occasions in each suite, using a specially constructed 

inrytrument (Lidvell and Wyon 1968). These readinsp could not always 

be taken at the same time, and sometimes not at all. They were subject 

to time errors, therefore, and were unsuitable for direct nnal,ysis. 

They wore used only to check that no great departure from air tempera-

ture ww.,.enoountered and that the radiometer reading in the centre of 

the room vas therefore a valid measure of radiant heat exchange with 

the surroundino. This rae alwsye found to be the case, and no 

further reference rill be made to these readings. 

3. 7. 7. Stpff Movement records.  

The recording of staff movement was done by the nurse in much 

6weater detail than was actually required by the thermal survoy. The 

data was used to derive patterns of stz,ff movement and quantitative 

'traffic diaLrams1  for different theatre layouts in another. connection. 

The method used was to have a 12 7. 12 double entry form, and to assign 

to each door an identification ramber, with additional numbers for key 

points in the theatre. The form was entered at the row corresponding 

to the door or position from rAich a person moved and a mark was made 

in the column corresponding to the door or position to which the person 

moved. Different symbols were used for different staff categories. 

Very considerable shill and attention raz required to hoop an adequate 

record of the movements of up to fifteen pe.)ple. It was o 	feasible 

during actual operations, as betroan operations there was too much 

movement to follow, Obsel 	at ion periods usually lasted en hour. 
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For the purpose of the present survey, only total entries end exits 

per hour and movements within theatre per hour were rritten. Onto the 

sa-:,mary cards referring to each observation period, together with the 

total number of different people involved in the movement, i.e. rho 

Were at some time during the period present in the theatre. The intention 

was to inveatiaLte whether thermal stress affected the perception of 

thic aspect of the environment, and vice versa. The results are sot 

out as Section 6.2. 

3. 7. 8s Sweat rate measurements. (Pic. 3.2.)  

This form vas only partially used. The sweat rate data was derived 

and copied onto the summary card appropriate to the period of measurelent, 

from which a special summary of relevant conditions was made up, and 

punolled onto separate Bollcrith cards. A description of the technique 

of making these measurements can be more conveniently set out in 

Section 8, which deals exclusively with this part of the survey. 

348. The summary card.. (Pig. 3.10.)  

The eight field Sheets that have been described above in Sections 

3461.-3.7.8. served to record all.the relevant data. There remained the 

prohlaa of compiling the 'racy; data into a form suitable for analysis. 

It has already been explained why it was impossible to design the 

survey so that punching of the datei, could be carried out from the original 

records; the eumnary cards were used to bring together the relevant data 

for each person-occasion, code it rn .erica.11y and set it out in a format 

suitable for punchingdirectly onto Hollerith cards. It my be non 

that the card groups the data into logical fields, clearly labelled 
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to facilitate the transference of data from field sheets to Burr nary 

card, Within the fields, the data is arranged in columns numbered from 

180 to correslond to the eoinmnA of the Hollerith cards used. Within 

each column there are two spaces, one for the raw data and one for the 

numerical code that would in fact be punched. No coding was done in 

transferring the data onto the summary card, in order to minimise errors 

and facilitate checking. One person, a clerical assistant employed for 

six months for the purpose wrote in the data, from field sheets to 

summary cards. The author then checked every column on every card back 

to the original records, working together with a third person. The 

data was then coded numerically into the adjacent square, in a different 

colour to avoid confusing the punch operators, Thus the raw data and the 

code were immediately adjacent, and it was easy to verify the coding. 

This stage was reached about five months after the end of the data 

collection and the punching and verification took a further six reeks 

for two operators wore ing part time. 

The card was designed to croup the data into a form taking as 

fel' columns as possible. Even so it was necessary to use two BO column 

cards for each berson-occasion*, which made card sorting very difficult. 

The two cards were linked by means of the identification number in 

columns 1-4. ]very subject had been assigned a three-digit reference 

number, and the fourth digit identified how many times that person had 

boon questioned previously. Thus a 'person-occasion' unit was identi-

fied completely by the reference number. These summary cards were 

prepared during the first year or the survey, and in fact more than 
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999 different people were eventually interviewed. The eleventh and 

twelfth position of column one was punahed to obtain the extra 

reference numbers. Only two people were questioned more than ten 

times, end they were aesigned neWreferenee numbers for the additional 

replies, thus retainiit column four as a number between 0 and 9. 

Certain key responses were duplicated on the second card to make 

it possible to cross-tabulate them with the physical measurements 

eppeariik; on that card by means of a case carting machine. It is 

expiable that it would hove been better to do all cross-tabulation 

and fxequency distributions by computer program, so that leader and 

trailer (XanjY) cards could have been kept together from punching 

onwards. In fact, thow:h prelirdnary eortins was done on the 

individual cards by uopyin of a readily accessible card sorting 

machine, later cross-tabulation vas carried out on the paired cards 

by means of the B11409.14 library prom. 

The need to use two punch cards for each unit made it possible 

to include 39 blank columns in the format in case they were needed. 

26 of these were in fact ueed, for such additional data as movement, 

season, variation of air velocity, a duplicated status variable on 

the Y card, etc. Care ttLE3 taken to avoid miesin-, date in the variables 

to be used for the main anelysis. It rill be seen in the topics covered 

by Section 6 that handling; incomplete data rte considerably more 

complicated. 
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Sequence of questioning 

5-Vote Do you think it is stuffy in the theatre? 

Yes: Slifiat3ly stuffy or much too stuffy?  

No: Is it too fresh? 

Allocated score  

2 

     

No: 	 0 

Yes: sli4tly  or much too fresh?  

T.-Vote Is the tempen,4ure comfortable  at head he151.  t? T 

for your body? T2 
for your feet? T  Yos: Is it ioa1 or would prefer, it slid2t21  

warmer or cooler?  

Verner 

Neither, ideal 

Cooler 

Not Is it too hot or too cool? 

Too hott sliOltly too hot or much too hot?  

Too cool: coomu 	 -,2, 

-.Vote Would vou like more air movement or less?  

(Repeat: Did you find it either starmant or too  
drow^ht3in  

Moro (stagnant): Sliethtly more or much more? 	. 1, 

0 

less (drau8hty-): Slichtiy less or much less: 	1, 2 

0 

1 

2 

4 

- 1, - 2 

. 1 

0- 

3. 

2, 3 

Neither: 

P-estimate Fordhen0 dry 

Forehead damp 

Forehead rat, beads of sweat 

Forehead meets wiping necessary 

Fordhenfl wet and clothina ret 
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ICA12. 3.  --1441S221111.--ledira. 

Sequence of questioning 	Allocated score 

N-Vote Did you think it vas (excessively) noisy 
in theatre? 	0/1 

H-Vote Did you think it vas (excessively) humid 
in theatre? 	0/1 

0-Vote Did you think it vas (excessively) over- 
crowded in theatre? 	0/1 

M.:Vote Did you think there vas too much movement 
In and through theatre? 	0/1 

D-Vote Would you prefer (do you prefer)da,yliGht 
in theatre? 

Yes: 	0 

no; Indifferent 1 

Prefer no day. 
light 
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Fig. 3.1. Tip of radiometer, showing anemometer bead above. 



Fig. 3.2. General view of instrument assembly. 
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FIG 3.5. FIELD SHEET: PLRLDONAL ii a ,, CLOTEET, 
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FIG. 3.6. FIELD SHEET: VOTES, OPINIONS. 	109 
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FIG. 3.10 SUMMARY CARD. 
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'iE.,_aEENCE 
SUBJECT RESP. CARD 

1 2 3 4 5 6 7 8 9 lo 11. 12 13 14 15 16 

X 

17 18 	i 	19 20 21 22 23 24 25 26 27 28 29 30 31 32 

OCCASION VERBAL 	RESPONSES 
DATE MONTH TIME S Ti T2 T3 W P N H 0 M D L 

33 34 35 36 37 38  39 40 41 42 43 44 45 46  47 48 

THEATRE CLOTHING ILLUMINATION 
NO. READ BODY FEET ETC. NOISE TASK LOCAL BACKGROUND DAYLIGHT 

49 50 51 52 53 54 55 56 57 58 59 6o 61 62 63 64 

PERSONAL DETAILS SESSION 	DETAILS 
STATUS SEX AGE RACE BUILD112±.1LITTCLASS. LIST DURATION STRESS OCC. ANB. NO. AT TABLE 

80 65 66 67 68 69 7o 71 72 73 74 75 76 77 78  79 

REFERENCE 
SUBJECT RESP. CARD 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

Y 

VERBAL 	RESPONSES THEATRE 	TEMPERATURES 
S T1 T2 T3 W P H HEAD BODY FEET TABLE 

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 

AIR 	VELOCITY RADIANT EXCESS TEMPERATURES 
HEAD BODY 1.bb,T TABLE HEAD BODY ..,ET TABLE 

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 

ANCILLARY 	AREA 	TEMPERATURES ANCILLARY 	AREA 	R.H. THEATRE 	R.H. 
REST ENTRY ADJACENT REST ENTRY ADJACENT 'HEAD TABLE 

49 50 51 52 53 54 55 56 57 58  59 60 61 62 63 64 

EXTERNAL 	ENVIRONMENT 
HOSPITAL T. OUTSIDE T. MEAN T. HOSPITAL RH. OUTSIDE RH. MEAN RH. PRESSURE Ri/FaWEAUL 
65 66 67 68 69 . 70 71 72 73 _ 74 75 76 77 78 79 80 
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4. 1. Introduction.  

This section des,.xibes a number of techniques used in the analysis 

of the data whose collection and recording were described in Section 3. 
Certain preliminary results, that were used at an early stage in making 

decisions on the form of the analysist  are presented, but the main 

results, covering as they do a very broad range of topics, can more 

conveniently be set out in separate sub-sections. These are grouped into 

Sections 5 and 6 of the thesis. Section 5 deals with the main analysis, 

for which complete data as available, while Section 6 deals with the 

examination of incomplete data on various Subsidiary topics.' The methods 

of analysis used in the exarijnfltion of individual differences, objective 

measurements of swoat rate and skin temperature, performance measures, 

am a preference for daylight, are set out in the appropriate sections 

(7, 8, 9 and 10 respectively) as they are somewhat different in kind 

The aim of the main analysis was to derivepultiple.reerestion 

equations that expressed an estimate of each dependent variable in 

terms of as many factors of the environaent as could be shown to have 

a significant effect. The dependent variables were either the results 

of staridJTed sequences of questions or of systematized observation. In 

all cases they were me,: cures of response to the environment expressed 

on arbitrary scales and it was necessary to show in the first instance 

that these measures were normally distributed with respect to the 

main variables, especially with respect to tenperature: 

4. 2. Examination of thermal responses.  

A large amount of two-•way sorting was carried out on the punch 
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cards those preparation was described in Section 3. The method of 

probit analysis was used as in Section 2; Graph 4.1. illustrates a 

result obtained by this method. As predicted by the analyses of 

Section 2, Bedford's seven point scale of thermal comfort did result 

in normally distributed responses of 'too hot' and 'too cold* against 
temperature. Graph 4.2. shows that the 'llean Thermal Vote' is linearly 

related to these probit values, pain in accordance with Section 2. 

Skailar linear relationships were found for the other measures of 

subjective response, and they were therefore considered to be dictri. 

buted sufficiently close to normality for the purpose of the analysis. 

Graph 4.3. shows the relation between mean thermal vote at head.height 

and the dry-bulb temperature. There is no trace of the discontinuity 

re7Dorted by Hickish (1955) and discussed in Section 2. Mean thermal 

vote is thus soon to be a usefUl and orderly measure of response aver 

the full data range, and is used an a metric variable in the rest of 

the analysis. 

4. 3. Treatment of other variales•  

Vhon different catesories of staff' are considered separately, 

as Graph 4.4. shows for surgeons and anaesthetists, consistent 

differences are seen in the response. Clearly letvlf-catesory must 

be considered as a variable, but as it is 'measured' on a nominal 

scale (Siegel 1956), it cannot merely take its place in the analysis 

along with metric variables such as temperature or air velocity, which 

are measured on interval or even ratio scales. The effect is one of 

constant bias, or a shift of axis, and Lidwell (1961) has shown a 
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useful way of deriving the correct value within the framework of a 

multiple regression analysis. The presence or absence of each category 

is treated as a separate variable tcking the value zero or unity. The 

regression coefficient then appears as an adjustment to the constant 

in the equation. The cateLories must be mutually exclusive. The same 

technique is appropriate in the treatment of "season of the year', 

thou in this case only three variables were used - spring, currier 

and autumn - so that the reference condition became winter, when all 

three 'variables' took the value zero. A number of other non-metric 

Variables were included in ozactly the same ray. Among them tore sex, 
race and the presence or absence of glasses worn by the subject. Age 

and duration of exposure were measured in years and minutes resnecttvely 

and present no problem. Build and height were estimated variables, and 

the level of measurement was no more than ordinal*  but as both 

arbitrary scales arc approximations to underlying interval scales, they 

have been treated as metric variables for the purpose of the analysie. 

The form of regression em.a%ion to which the data was fitted is 
given in Section 4.4; it assumes a linear effect for all metric 

variables. The aszumntion was tested for the main thermal variables 

in Section 3, and is probably an acceptable approximation for the 

small effects produced by the metric variables considered in this 

section. 

4.4. Computer. programs.  

The multiple regression analyses were carried out by means of 

the computer proaraWID.02.ti of the Biomedical Series (1965). It is 

a sequential analysis by  which successive terms are added to the 
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equation in the order in which they make the greatest reduction in 

the residual sum of squares. ,The decision as to which variables are 

'si 	cant' eau be made et a later stage by considering each 

estimated reGreseion coefficient in relation to its variance, or the 

progrzm can be instructed to stop adding variables when the reduction 

in the sum of squares fells below a specified level of significance. 

The output includes the moan and variance of all the variables and 

the correlation matrix; The form of the equation derived is 

E 	aX + bX2 + etc. there E is an estimate of the dependent variable, 

1:3, X2 	Xi are independent variables, and a, b, co  etc. are the 

calculated regression coefficients. 

4. 5. Vapour pressure of water.  

It was orizinally intended to use relative humidity as one of 

the principal variables, but exa-Anation of its effect by means of 

three-ray sorting produced the results shown in Graph 4.5. They sugZe 

the need for a cross-.product term in temperature and relative humidity; 

this leads to ambiguous results in a multiple regression nnplyeiS of 

this kind. Graph 4.6. shows that when the same data, is reeplotted in 

terms of vapour pressure, an expression of the foraTrovote 

+ etc. is appropriate. It was therefore decided to use 

vapour pressure instead of relative humidity as a measure of the 

water content of the air. This decision tea: taken reluctantly, as 

relative humidity is a more familiar quantity and is in fact the 

vtriable that is controlled by most humidifying equipment. In 

addition, only dry-bulb temperature and relative humidity had been 
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punched on the data cards, making it necessary to use a Wafted form 

of the Kirchoff..Rankine-Dupr‘ formula to generate saturated vapour 

pressure, and hence the vapour pressure is millimetres of mercurys 

The formula used rasa 

loge  SVP = 20.810 	7 	Where SVP is 
459+T 

the satur,ted vapour priiSrAiro in Em Hg.„ and T is the dry-.bulb 

temperature in Fahrenheit dec;rees. The accuracy achieved in the .data 

range was better than 0403 rim,. Rg4 This calculation WaS carried out 

by computer each time the data eras used. 

4. 6. Radiometer readings,  

A similar calculation was required in order to correct the reading 

of the radiometer for the effect of air velocity. An experimenta14 

obtained relation was used as given by Lidrell and Uyon (1968), but 

a nmmerieal approximation. war obtained graphical and is shown in 

Graph 4.7. The form of the equation was: 

R  = 

0422 0.178. aogio v 

rthere R = Radiant excess temperature in Fahrenheit degrees 

Radiometer reeding in microamperes 

v = air velocity in feet per minute, 

The radiant excess temperature thus obtained vas used as an independent 

variable in the regression equation, much as the radiant =case tempera- 

ture is added arbitrarilg to the dry...bulb temperature in the Corrected 

Effective Temperature scale. (Bedford (1964)). 
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4, 7, Air velocity.  

The effect of air velocity vas ai;—parently very slight. Graph 

4.8. shows the relation between the percentage of surgeons erwi  

surt oal assistants reportin2; a sensation of 'uncomfortably hot* 

at head-heidat against the air velocity in feet per minute, for three 

tenperature ranges. There is no evidence for the inclusion of a cross.. 

product term intempereture end air velocity, but equally the evidence 

is not sufficient to decide on any particular functional relationship 

with air velocity. However, there is a considerable amount of evidence 

to sue_,f,est that heat loss by conduotion..cernrection from the human body 

varies as the square root of the air velocity, This is well summarised, 

by Lee (1958). This function of air velocity vas used by Webb (1959) 

in deriving a factorial equation for mean thermal vote. As has been 

pointed out in Section 2, "ebb's mean thermal vote is not the same 

as Bedford's mean thermal vote µs used in the present work, but the 

reasoning behind the choice of the aqua= root of the air velocity is 

the same as that used by Bedford. (1964) in forming a similar factorial 

equation. A laboratory experiment carried out by Turner (1955) on a. 

single subject lends some support to this choice. In this experiment 

the subjective sensation evoked by gusts of air at different tenperatures 

end velocities was investited., It was found that the difference in 

temperature between the surrounding air and the gust varied linearly 

with the square root of the air velocity for threshold sensations of 

warmth or cold. Turner found that increasing the area of shin exposed 

to the gust affected this relationship, but only for very small areas; 

an area of skin as great as the 80-100 om.2 exposed by surgical clothing 
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vas as sensitive as mudh larger areas of skin. This work is more 

relevant to the perception of air velocity per se. than to the effect 

of air  velocity on mean therml vote. However, taking all the 

evidence together, it was decided to use the square root of the air 

velocity as a measure of this factor in the regression equations for 

thermal responses, 

4. S. Observed sweating•  

In addition to obtaining subjective responses to thermal stress, 

the interviewer made observations of ;forehead sweating evely time a 

subject was questioned. Ellis (1952) has used observations of chest 

meeting made by subjects the solves, an. ::ebb (1959) asked subjects 

to record the extent to which they were creating, In neither case 

was the result used in other than an illustrative way. Houghton and 

Cook (1939)  observed forehead meeting by operrting theatre staff, 

but the small nriber of observations (51) made their results of little 

predictive value. However, their work appears to be the most relevant 

to the present case, and provider, a useful pilot study of the 

feasibility of constructing a usable scale of 'sensible perspiration' 

for use in an operating theatre situation. Assigning numerical values 

to the categories of observation defined in Section 3 results in an 

index., denoted hero by p, whose dependance on dry.bulb temperature is 

shown in Graph 4.9. The regression is essentially linear, the 

anomalous point below 650 being due to only 41 observations in the 

total number of over 2,500. Most importantly, there is no tendency 

to 'saturation' at the hiEheet temperatures encountered, Graph 4.10 

shows the result of an application of probit enplysis to the categories 
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of P. Again the results are very closely linear, demonstrating that 

the observations are normally distributed with respect to temperature* 

It is interesting to note that 50 of the predominantly male subjects 

in this sample sere observed to have *damp' foreheads even at 70°F. 

It ras decided on the basis of those results to use *P' as a 

dependent metric variable in a rry analogous to the use of the mean 

thermal vote. 

4. 9. Special techniques of analysis.  

J. 9. 1. 'Z .cards'.  

As detailed in Section 3, the data available for mechanical 

processing vas contained on pairs of punched cards in order to 

aceom-aodate all the information relevant to each case. For a number 

of reasons it vas necessary to lgenc.:.ate* from each pair a single card 

bearing processed and selected date. for particular purposes. These 

third cards hove .been called Z.cards* as opposed to the X and Y cards 

of the original pairs. In practice, tro sets of *Z.cards* yore 

generated for different purposes, but no distinction rill be made 

betreen them as the principle vas the same* Z-cards mere generated 

by proem 	09.q. of the Biomedical Series (1965), by which a very 

ride range of operations can be performed and the results located as 

recuired in the columns of mechanically produced output cards. Input 

can be in the form of up to ten cards for each case. 

The reasons for the use of Z.-cards were the following= 

4. 9. 2. Incomplete date.  

Certain variables, dealt with in Section 6 of this thesis, acre 
incomplete in the sense that they rem not recorded for all cases. The 
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proGrams in use had no facility for selecting a sub-sample of data for 

analysis, so this operation had to be porforaed by card-sorting prior 

to pnalysis. It was not possible to select sub-samples of the peired 

cards by this method, but if all tho data needed for the analysis was 

transferred to the Z-cards, sub-samplinG could take place by eorting 

the Z-cards into input packs for each analysis of incomplete data. 

4. 7. 3. Predicted votes.  

In order to increase the precision of the analyses of the incomplete 

data, they wore performed for the most part with 'deviation from the 

predicted vote' as dependent variable. The predicted votes were the 

values calculated from the re_ression equations obtained in tiler:lain 

analyses, their coefficients based not on a sub•camplo, to used for 

the incomplete data, but on all tho data available. Thus variation 

due to variables that were always recorded was rammed prior to the 

anelysis of the effect of the incomplete data. For this purpose, 

predicted votes wore Generated for each case and punched on the 5.,  

cards. 

4. 9. 4. Index tanporatures.  

Predicted votes can be ueed to derive an Index temperature for 

each combination of conditions; Index tempolvture is defined as that 

temper,turc that would under standard conditions lead to the same 

predicted vote as the measured conditions. This is the principle of 

the Effective Temper,ture scalp and of the Sincepore Index. In the 

present case it was thoufht useful to choose reference conditions close 

to the mean values observed in order to avoid unreal, extrapolation* 

The standard conditions chosen were 3Z relative humidity, mean radiant 
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tenperture equal to air telperature, and 25 feet per minute air 

veleAty. The value of the Ind Tellper-tore is linearly related to 

the predicted vote on which it is besed, so it was not necessary to 

generate Index Tmiperature explicitly on the Z-cards. Distributions 

of response asainst Index Tempert.ture were constructed by sorting the 

Z-cards with respect to tho predicted vote and tho recorded vote 

for each caeo. 

4., 9. 5. Mean therlal res;lonee, To.  

Some time after the original data cards had been punched, it 

was decided to combine the three thermal votee obtained, T3., T2  and 

T3, into a angle measure of thermal response. This was defined as 

To 	1/3  (T + T2  + T3), and generated on ez-ch 2-card. It would have 

boon simpler to have included it on the original data cards. HowcArel4 

the result of a sorting operation on tho Z-card pack is shown in 

Graph 4.11, To can be seen to reflect in an orderly way the combined 

therrie1 responses at eaoh of tho three bodily levels. It can, of 

course, only vary in units of 313 for each case, but a particular 

value of To  can arise in a large number of ways; for exempla 

To = 1313 = 3.67 can arise from votes of 3, 4, 4 (ito discomfort), 

5, 3, 3 (Uncomfortably hot in one area of the body) or Men 

6, 4, 1 (Uncomfortably hot; in ono area, uncomfortably cold in 

another). It was found that only seven cases out of over 20500 

exhibited this .contredictoryi pattern, and they were there: ore 

di carded., A 'comfort range' of To  can be defined as 2.33 - 3.67, 

within which less than 50;1_, of subjects report any discomfort at all. 

Outside tho ran;o n increasing proportion of subjects are uncomfortable 
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at head, body or feet, or in more than one of these areas. To  is used 

in the analysis as a metric variable. It is in fact more continuous and 

therefore a better approximation to a metric variable than moan thermal 

vote itself. 

4. 9. 6. Dccodino:  

Certain variables such as clothing, mistakes, etc. had been recorded 

on the original data cards in a coded form. It had been thoucht that 

the trans generations available on the regression programs could make 

it possible to decode them prior to analysis, but this proved not to 

be the case. The much rider ren:;e of operations available in the 

alD.094. program enabled this mistake to be rezedied and the decoded 

data sas punched on the Z.cards in a usable form. 
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5. 10 Moan thermal votes and observed sveatinr.  

1. Data ranges.  

This sub-section contains the moat important results obtainta in 

the survey. It deals with the verbal responses T 1, T2  and T3, their 

mean To, discussed in Section 4, and the sweating index P. Table 5. 1. 1. 
Givestho =VMS, and otandard deviations whore appropriate, of all the 

variables that could be shorm to have a si ficant ef2oct on one or 

more of these responses. From these figures, derived fro: l over 2,500 

cases, a number of calculations may be made; for exa1910, that 95,;'

of the observations at head had at were made in the temperature range 

64-DlcV, and the air velocity range 5-50 feet per minute. The mean 

rater vapour pressure recorded corresronds very closely to a relative 

humidity or 5051, at the mean temperature of 72.6°F. The mean thermal 

vote, T1, considered as a continuous variable, exceeded 4.5 (the 

boundary betreen 4 . comfortably ram, and 5 . too rearm) on about 

2O of occasions, rthile the temperature at head height exceeded 75°F 

on about 25,r, of occasions. Dormer, causal relationships cannot be 

deduced at this stcze, as all the thermal variables are intercorreleted. 

Table 5-1-2 gives a section of the total correlation matrix derived 

in the course of the analysis. In the table, T1 and P are related 

to values of the environaeraalw,riables recorded at head height, 

T2  and To  to values recorded at body height, and T3  to values recorded 

near the floor, 33 of the 36 correlation coefficients tabulated are 

signific nt at the 0.01 level. It is clear that a multiple regression 

analysis is required. However, it can be seen that all five responses 
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are correlated more closely pith teape2.- cture then with any other 

thermal variable. 

2. Rogression OqUatiOn.S.  

Table 5.1.3 sl)ore the regression equations derived by means of 

the program amio2,1., for the four parameters of the physical environ-

ment only. Tho multiple correlation coefficients are listed together 

with the correlation coefficients of each response with temperature 

alone, reproduced from the previous table fort comparison. In every 

case the regression ae,.ounts for a larger proportion of the variance; 

the iraprove-aent is greatest for To, but even so represents only a change 

from 25 to 30 in the proportion of variance attributable to the 

measured variables. nOWGVor, ail the regreecion coefficients listed 

=coed twice their standard deviation and are therefore sierificant 

at the 0.05 level. This was the test applied for the significance 

or otherwise of the effect of each parameter. In the case of Ti and 

P. the effect of air velocity was not significant et this level. From 

the values tabulated in Table 5.1.1 it can be seen that the air 

velocity was in fact lowest then measured at head heiLht, the mean 

of,rr corresponding to only 21 foot per minute, which is half the 

threshold value for perception of air movement on the face (Itetjer 

1924). It is of interest that the effect on P should also be non. 

sisnificant, sit:* this is not dependent on the subjective eensation 

of draught. The effects of all four parameters were, with these 

e=aotions, significant for all five dependent variables. The msErii-

tude of the effe-ts of individual parameters other than temperature 

will be discuesed below. Their combined effect has been shown above 
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to be small in terms of prediction, but is not necessarily to be 

nezlected ill terms of thermal effect in some situations, 

3. Comparison with other thermal indices.  

In order to assess the value of the regreseion equations, comparison 

may be made with other thera:L1 indices in terms of the resultant 

corrolation coefficients for the present body of data. Table 5.-1-4 

shows the result of such comparison. In terms of their success in 

predicting the value of T.3.  and P for each of over 2,500 cases, Equivalent 

Teperaturc, Effective Temperature and the Zinmpore Index are all better 

than &i-bulb temperature but worse than the regression equations. Globe 

thermometer te-aperature is worse than d.y.bulb temperature for T1, and 

better for P, but is worse than the regression for both responses. 

This result is to be expected2  partly because the regressions represent 

by definition the optimm combination for. the particular body of data, 

but also be,ause the regr:xsions combine all icur parameters of the 

physical environment while none of the thermal indices used here combine 

more than three. 

The equations used for generating the values of the thermal indices 

are given in Table 5.1-10, and may be of some peripheral interest. In 

particular, the derived factorial expression for Effective Temperature in 

the data range (Equation 3 in the table) may be of use to other workers. 

It was derived by means of a multiple regression analysis with Effective 

Temperature (as Given by the approximate Equation 4) as the dependent 

variable and the 2,500 sets of values of the thermal parameters as the 

independent variables. Equation 4 was derived geometricaliy from the 
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Effective Tempezature nomocram and involves the fitting of strait 

lines to the appropriate area of the air velocity correction 0,id. 

(0.n, Ildrell 1)66, personal con-un-lcation.) It is somorhat cumbersome 

to use, and the factorial Equation 3 vial estimate the resultinG 

Effective Temperamre rith a standard deviation of 0.16°V. 

4. Identificati9n of other cittficth ftzetows.  

Ono of the objects of the present survey vas to identify and 

test any other factors tirt mijit be influcncin: the perception of 

tho thermal environuent by operatinc theatre staff. Table 5.1-5 
shove the reGression equations derived in an exactly similar ray to 

those of Table 5-1.5, but ellovins all measured varirbles to enter 

the equations, Those that rove measured but did not enter fell short 

of the criterion for significance. In this cateLory are time of day, 

nm/ber at tLble„ bCL&it, the rearinc; of Glasses end the difficulty- of 

the operation. Reference to the last rased and to other more esoteric 

variableo that Vere not included in the main nnalyois will be made in 

Section (S. SOMQ results relevant to the main responses appear later 
in the present sub-section (Table 5-1-0. 

The multiple correlation coefficients for the more eztensive 

re,rassion equations exceed for every response those achieved by the 

rezeesion equations in p3iysio.1 variables only. Devever, the largest, 

0.576 for T, represents only an increase from 30,;(, to 33 in the 

!,roporl;ion of variance attributable to the measured variables. This 

is a small return for the inclusion of seven additional variables On 

the other haul, the improve:lent for P represents a chenze from urger 

7 to over 24.2!) in the proportion of vr_rianz;e attributable to the 
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regression. Clearly some of the ten additional factors are important 

in causing forehead creating. To identify rhich are the most important, 

it is necessrry to know thidh entered first in the sequential regression 

analysis. For Ti, T2  arA To, the non-metric variable "Anaesthetist' 

entered before all the thermal variables had been included, vhile for 

P the non,netrie variables oSur000nl, 'Surgical Issistant' and 'Sex' 

entered in that order, "Surgeon' entering before Tenperature and 

Ic'urgical Assistant' before vmour 'pressure' In Table 5.1.9 use is 

made of this information to produce regression equations rhich include 

few variables but result inalltiple correlation coefficients only 

elichtly less than those including all variables. They represent stes 

in the sequential analyeos, and could have been identiflod by setting 

a lower limit to the acceptable reduction in the totcl sum of squares 

due to the addition of a further variable. They have been used to 

derive the Index Temperctures that are discussed beim. 

5. Qualitative effects.  

The inclusion of 'status" variables, effectively adjusting the 

additive constant in the equation, can evidently lead to greater 

reductions in the residual variation than is achieved by including 

some additional thermal data, This effect vas indicated by the 

prolininary sorting results given in Section 4. Anaesthetists tend 

to feel colder than other staff categories, surgeons and their assistant° 

tend to sweat more, rbile fenales tend to srmt less. These effects 

are in accord vith exreriencet  though they might have boon thouit to 

be less innortant than radiation or air velocity in determining an 

individual's response. Other effects in accord with expectation are 
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that females feel cooler; -i,eople of non.ruropean (mostly coloured) 

race sweat less, thowji they do not f.col cooler; thin people have 

colder foot and sweat less than fat people; a longer stay in a 

theatre 1G,4s to more ermting but not to an increase in the sensation 

of heat* Less expected, perhaps, is the finding that the older 

members of operatitz," teams 'feel the heat loss, and actually' sweat 

less; sensations of heat are greater in spring and summer than in 

' autumn and winter; foot feel colder and sweating is greatest in 

autumn* It should be emphasised that the above emats take account 

of tho correlation betv:oen variables; they could perhaps be stated 

with the rider 'other things being equal° • For movie, the findings 

on ago are .not affected by the fact that assistants and nurses tend to 

be 'our than surcoons and anaesthetists, for this effect has been 

tpartialed cut', Similarly*  °people feel hotter in summer° is a 

stationt unless it is realised tnAt the, actual temperature 

effect has been. removed people feel hotter in suer at the same 

tenperature* 

6, Mantitative effects*  

2ome idea of the magn.'tude of thee° effects can be gained by 

calculating, from the reLative size of the regression coefficients, 

Titat change in the variable would be necessary to produce the same 

change of response as a specified change of temperature* Alternatively 

where apixopriate„ the change in temperature necessary to produce the 

same efS:ect as a specified change in the variable can be calculated* 

The results of such calculations are shown in Table 5-1-6. It is 'orth 

noting the way in which the effects of the measured variables on 
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subjective thermal responses are mirrored by their effects on the 

observed forehead swatting, P. This close correspondence between 

subjective and objective measures of thermal etrain supports the 

validity of both. The detailed ofie,te arc discussed below. 

The effect of water vapour pressure is such that a chance 

correoponainc; to a dooroaoo of la,' in he relative humidity is equiva- 

lent to a drop of VP. at 68°F. This is much creator than the 

=clic:1bl° effect of humidity at this temperature tho:t was found 

by Koch et al (1960) for normal conditions of occupancy, and nearly 

twice as great as the effect reported by Miura (1931)  for experiments 

on five subjects. An. increase of 1°F. can be counteracted by an increase 

of air velocity from 25 to 30 feet per minute. The effect of radiant 

heat, bet.eeni15 and that of ambient temperature, is in agreement 

with the figure of 1/3  generally accepted (Koch et al 1960). The 

anomalous value for sensation at head hoight, there radiation 

apparently has only half that effect, may be due to expectation; in 

the special case of working at the operatilx.; table, radiation is 

expected and perhaps allowed for in reporting thermal sensation. 

The measurement vas made at the point or maximum intensity of the 

beam, whereas most of the members of a team keep their heads clear 

of this point for most of the time. This would also tend to reduce the 

n.]:Tarent effect of thermal radiation. Mon clear of the direct beam, 

the radiation received from the hot lamp casino appears to be only 

about half the nr„.1, rizzura intensity, according to a number of spot 

readings token in empty theatres with the same instrument. The same 
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result was obtained in a domed theatre with spotlights studding the 

roof instead of a conventional operating lamp, and is likely to be 

Generally true. 

There is thus apparently little scope for mitigating the effects 

of a, high teauerature by altering the other thermal parameters. A 

reduction of the humidity flom 50;f,  to .3w!„ acQompaniod by a doUblIna. 

of the air velocity from 25 to 50 feet per minute, could be equivalent 

only to a drop of 3 	in the temperature, in terms of its effect on 

thermal sensation or forehead sweatinL. Such chances might yell be 

unacceptable on bacteriological or other cyounds. 

Individual differences increase the difficulty of satisfying all 

the occupants of a theatre. The effects tabulated in Table 5.1.6.B. 

are additive, and can lead to surprisingly large differences of 

predicted response. For example, a fat surgeon would lea uncomfortably 

hot at a temperature &0F. below that at which his thin female 

anaesthetist would experience a similar sensation. In terms of 

sweating, the difference betrecn these individuals rises to 27°F., 

and to over 30°F. if the anaesthetist is coloured and the surgeon is 

not. Thou Gh this is admittedly an =tram° example, the difference of 

12.3°F. betleen surgeon and anaesthetist, in terms of the temperature 

at which they begin to sweat, is a constant factor with serious 

implications. The fact that older members of the team moat loos, 

than younger members is an indication that the cause of forehead 

sweating is probably psychological tension. It is unlikely to be a. 

physiole,Tical effect, as it is accompanied by a reduction of the 
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eensation of hot; if older men were no-ked17 less able to smot, 

they would tend to fool hotter, not cooler. 

The efLect of season o.f. the year is interesting. Though small, 

it is snificant, and dimroves the assertion of-Lenz:lade that hijh 

temperatures arc batter tolerated in summer. A possible reaeon is 

that a hot war:Linz environment rz.y be welcome in winter when most 

rooms are too cold. Conversely in summer, when one tends to be too 

hot olcewhere, tho feelins is that it Should at least be cool where 

one is a.:::,ectod to perform surGery. The effect of physiological 

ac,dimatication would have boon to counteract this tendency; sortie 

evidence :or acclimatisation is perhaps provided by the increased 

sweating observed in autumn, and the fooling in that season that feet 

wore cold, Given that acclimatisation to heat youIa be et its greatest 

at the end of summer. 

7. ILLII2aatlemneratures. 
From the regression equations it is possible to worl: out the 

taaperature at which thermal sensation would be equal to 3, ideal] 

comfortable, for the mean observed values of the other variebles. 

For this purpooe, P is of no use, as there is no preferred level 

of oventinj. AS shown in Setion 2, the opttlrum an determined by 

the mean thermal vote is usually the point et which the 	 imum 

number are comfa,tabl. flow 	this is not no eosriiy a useful 

concept in operating theatres. In an office or a factory, 'the 

Greatest comfort of the greatest number1:10 a useful criterions  but 

in the operatin3.  theatre the comfort of the sur3eon is arGuably of 
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paramount importande. It may be more useful to consider only the 

proportion of sur42;eons that are too hot, and this is done in the 

folio:an: sub-sections. For completeneee, the Isoptimat are tabulated 

in Table 5-1-7 for the different status categories. The most reliable 

is probably the figure of 66.1°P. for To, the overall thermal vote, 

for surcoonso It is rather close to the optilaml derived by simple 

card sorting in Section 4. (cf. Graph 4-1) for all staff. In passing 
it is worth noting the trend to prefer higher temperatures from surgeon 

to assistant to anaesthetist, the close similarity between the figures 

for assistants and for nurses, and the tendency for preferred te:Iperatures 

to increase from head to body to feet in opposition to any realistic 

thermal Gradient. It would seem that in any theatre that is cold 

enough at head height, thereto a risk of cold feet, However, these 

figures Give ne indication of the distribution of comfort votes about 

the optimum, or oven of the proportion comfortable at the optimum. 

Distributions will be considered below, then the remaining significant 

variables have been discussed.. 

8. 'Thermal,  effecte of other variables.  

Table 5-1-8 tabulates the chanLe of temperature necessary to 

produce the sane effect as certain environmental changes,. These effects 

are derived and discuesed in Section 6, but the results are relevant 

to the main responses under discussion in this section. The theatre 

was felt to be hotter when the atmosphere vas tense, and more sweating 

Was in fact observed. These effects aro of considerzAble magnitude. 

There ms more sweating during major operations and when there were 

frequent entries and exits to the theatre. There was less sweating 
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when the staff moved freely in the theatre, and when the maximum 

noise level, clmost always duo to taluing„ was higher; these 

eirciustances occur when the atmosphere is more relaxed. The 

v--ivbility of air velocity had a marginal effect in the expected 

direction of docreasilv; the sensation of heat, There were fever 

comolaints of heat When there had been smistaese in procedure* ro 

explanation is offered for this other than that it may have boon duo 

to over-compensation or it may have boon due to distraction, It vas 

not a larzo effect, and was not refle,ted in the observed sweatirrz, 

9. Response distributions,  

Usin the crncejt of Index Temperature introduced in Section 4, 

the four thermal variables can be combined into a single figure, that 

of the equivalent,  ambient temperature linder standard conditions of 

humidityradiation and air velocity, 'Equivalent' is used here in 

the sense of 'produciar; the same response'. The standard conditions 

Chosen are 5O relative humidity, moan radiant temperature equal 

to air temperature aril air velocity 25 feet per minute. 'Using the 

economical equations of 11able 5-1-9 to generate tho predicted vote 

at head body and feet (T1, T2  and T3)2  the distributions set out in 

Orc,ph 5-l-1 arc obtained They have been transformed from probit 

reGrcasion analysis of the ,roportion too hot and too cold, in order 

to obtain smooth curves. One reason why the curve for comfort at the 

feet is so broad is that no status EL,otox, was included* The curves show 

in agener_:1 wear the relatio-ship botveca comfort at the head, body 

and feet, and the consemences of non-ideal conditions, 



149. 
A. more informative set of curves is obtained by examining the 

distribution of the To  response for each status category separately. 

Grath 5-1,-2 sets out the result of such an exanination with respect 

to ambient temperature, trating surgical assistants and nurses aS 

one category for the present purpose. The curves swore obtained by 

sorting the To  rose once against ambient temperature and identifying 

the proportions too hot and too cold by means of the arbitrarily defined 

comfort rane of To; this was introduced in Section 41  and assumes that 

over 50,!? of subjects returning a value of To  within the range 2,3.. 3.6 

inclusive are not uncomfortable in any nay. These nroportions were 

transformed to probits, the =obit regression lines obtained graphically, 

and at each temperature the smoothed proportion comfortable was obtained 

by sdbtraction. The resulting curves a,re illustrative of the differences 

between status categories, and display also the effect deduced from 

published results in Section 2, Ticraely that of a progressively smaller 

median range with each increase in the preferred temperature of a 

group. However, in view of the highly significant correlations 

between thermal factors and the somewhat arbitrary nature of the 

comfort criterion, a further refinement of method is required. 

10. pugBested method of presentation.  

This final stage in the analysis is nroposed as a method of 

general use in studies of thermal comfort. 

Using the equation for prediction of To  as it appears in Table 

5-1.9, the Index Temperature for each set of data was derived. Treating 

the three status categories separately, the proportio:_ comfortable, too 

cold aril too hot were identified by exemining the recorded values of 
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Ti, T2  an0  23. If one or more of those values vas 0 or 1, 

indicating a response of 'uncomfortably cold' in ono or more areas 

of the body, the overall response vas taken to be ono of 'too cold'. 

Similarly, those 'too hot' Tier° identified. In practice this as 

done by generating a Comfort Index taking the values 0, 1 or 2 after 

loical4 testing the three recorded Velum', It will be recalled that 

anomalous vote combinations had already boon excluded, i.e. those 

simultaneously too hot and too cold. It is clear that this procedure 

is more rigorous than most; those recorded as comfortable had 

stated that they vere comfortable in each of three areas of the 

body, in response to three direct questions requiring in the first 

place a 'yes' or 'no ansver. The proportions too hot anad too cold 

vere transformed to probit values, end the linear probit regression 

lime against Ind= Temperature are plotted in Graphs 5.4..3, 5.1-4 

and 5.1.5 for surgeons, assistants and nurses, and anaesthetists 

respectively. On the same craphs are plotted the percentage comfortable 

at each Index. Temperature, obtained by transformation of the regression 

lines to percentages and subtracting. It should be noted that the 

ordinate for these lines is linear in percentage, vhoreas the ordinate 

for the probit regression lines is linear in probit values; the 

abscissa is Index Temperature in 0p. throughout. 

These graphs contain all the relevant information. At each 

Index Temperature it is possible to obtain an accurate prediction of 

the proportions too cold, comfortable and too hot, in marked contrast 

to the usual presentation of mean thermal vote or proportion comfortable. 
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An example of the utility of this presentation is the possibility of 

setting an upper limit to the temperature of operating theatres in 

terms of the proportion uncomfortably hot. If no more than 5 of 

surgeons are to be uncomfortably hot, the Index Temper.ture should 

not exceed 65.3°F., es she= on Grrh 5-1-3. rith the mean amount of 

radiation recorded at body height, 2.1.02. above air tcraperi7ture 

accordin3 to Table 5.1-1, and the relation bettoon Mr temperature and 

radiant excess tomporture as set out for To  in Table 5.1-9, this 

corresponds to an ambient temperature almost exactly 1014°  lover, 

i. e. 64.3°P. It is sucLested that this is a usoful criterion for 

operating theatre temperatures. From the Graphs it can be seen that 

over Go;!, of anaesthotists would be uncomfortable at this Index emperar• 

tore, but this aou1d be soon in relation to the fact that 35;!, of 

nnrtesthetists were uncomfortable even at the optimum for the group, 

72°F, Locoed, since only 1,,Z of anaesthetists would be too hot at 

65.3.0F increasing the clothing worn by the ronainder could raise 

the proportion comfortable at 65.3.°F. to cell above the present 

inalthmxa of 6V at 72°F. At 65.3.°r.,,2s-j 	assistcnts and nursos 

could be uncomfortable; at the optimu for their Eplup, 67.5.°F., 

26.5 were uncomfortable. Thus an Index Temperature of 65.3°F. would 

enable a very high proportion of the occupants of a theatre to be 

comfortable, chile ensuring that no more than 5 of surgeons were 

uncomfortably hot. It appears in fact to be the opts ::um te:Torcture 

for surgeons, but so fow sur„;eons were uncomfortably cold that the 

desconAing portion of the curve represents an extrapolation. 
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If some other criterion is adopted, the consequences can 

quickly be derived from the infornation presented in these graphs, 

11. Relation to the result of r;ection 2.  

It is of interest to relate those experiuentally obtained distribu- 

tions to the theoretical predictions made in Section 2 as a result of 

tho analysis of ptiblithed data. Ta!tinG the optima of the three craphe 

as the Index TemDeLature at which the proportion. comfortable is at a 

maximum, ono obtains the figures c. 65.00, 67°  and 72°P. for surgeons, 

assistantsand nurses, and onostbotioto respectively. The predicted 

median muses are, from Graph 2-5, 17.1 15,5 °aixl 11, 30  . The 

median ranges obtained experimental - were c.19°, 15.90  and 10.40F. 

With the exception of the figure for sangeons, those figures are in 

close agreement with the predicted values. For surgeons, absence of 

adequate data for the portion of the graph below the /optimum)  renders 

any mea,suroment of median range highly speculative, and the agreement 

obtained is therefore adequate. 

However, althouth the median ranges for e:oh group agree quite 

well with the findings of Section 2, the shapes of the distributions 

are not yell predicted by the equations of Table 2.10. For etatple, 

the reLression coefficient between the probit of the proportion too 

hot and the temperature is 0.16 for surgeons, 0.15 for assistants and 

nurses, and 0.19 for anaesthetists. The Etc:um.° used in Table 2.10 

is 0.27, the mean of widely but not siGnificantly different values. 

This would lead to predicted distributions much narrower then those 

actually found, with fewer people uncomfortable at the optimum: 

It may be that the shape of the distribution varies with some factor 
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such as task involve-lent, but no conclusions can be drawn fron these 

results or from the data considem'. in Section 2. 

It is worth notirr that the predicted figares were based on 

the analysis of results for ambient temperature, not Effectivo 

Temserz-2,ture, Since Index Taaperature is defined in terms of condi- • 

titans close the the mean, this choice is more appropriate* Each the 

definition of Index Temperature been in terms of fully saturated, 

still air, the alternative choice would. have been aporopriate. 

1.2. Distribution of observed entimt  

'Using the enuation for P in Table 5-1-9, en Index Temperature 

can be derived for each observation of this response. The observed 

values of P arc related to Ind.w. Temper:Fture in the form of cumulative 

frequency distributions in Graph 5.1.-6. On the same 8raph, the 

rezression of moan P on Index Temperature is shown. The ordinate 

for this line is not related to that of the frequency distributions. 

P1  is proposed as a valuable measure of thermal response. In 

the range 60-90aP* it can be seen to vary in an orderlu way. 

The frequency distributions were obtained by trazisforrnation of 

probit regression lines, drawn for the 'proportion sweating to each 

criterion level' as for Grath 5.40, At the sua:estod maximm Index 

Taaperature, 65.3°14, no forehead would be observed as 'wet-beads of 

sweat' (criterion 2), but 25 of forehends would be observed as "dame. 

In general it CCM be seen that sweating is not a serious problem below 

30°F., at which Index Temperature 1O were sreatinz to criterion 2, 

' and r to criterion 3 ('forehead wet, requires frequent wiping') 

i.e. profuse sweating. 
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13, summary of sub-section 5. 1.  

Analysis of the main responses yielded the following results* 

3 The variation of dry-bulb temperature was shown to account for 

at most 25 of the variaticil of response* 

2. Regression equations in Lill four thermal parametera were shorn 

to account for at raoct 30;t: of the variation of response. 

3. Regression equations including all measured variables were 

shorn to account for at most 3V; of the variation of response, 

but to be particularly successful in inproving the„ prediction 

of observed sweating. 

4. A large number of non-thermal factors were shorn to affect 

eignificantly the perception of temperature and the Observed 

s7.eating. Quantitative evaluation of their effect was possible; 

combinations of non-thermal factors were shorn to be capable 

of producing unexpectedly large effects. 

5. Response distributions were presented in a new way; it was 

suggested that they convey more information than the current 

methods of presentation. 

6. An objective method of determining the maximum temperature for 

operating theatres was proposed; if no more than 55 of surgeons 

were to be uncomfortably hot, the ambient temperature should not 

exceed 65.3°F. with a relative humidity of 54-7,, a mean radiant 

temperature equal to air temperaLure, and an air velocity of 

25 feet per minute. This corresponded to an sir temperature 

of 64.30P. with the mean observed radiation excess of 201°P. 

Under these conditions nearly twice as manly anesthetists would 
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be uncomfortable as at the optimum for the group, but by wearing 

more clothing the proportion could be reduced to below the present 

optimum figure. 

7. Observed forehead mating was shown to be a useful index of 

thermal strain It was shown that sweating was not a widespread 

problela below 800r. 

5. 2. Subsidiary response the irlpression of 'stuffiness'  

1. Introduction.  

A common complaint in operating theatres where conditions are 

uncatiefactory is that the room is 'stuffy 	This common pejorative 

is frequently applied to over-occupied rooms, end its origin may poscib]y 

be traced to the ides of lanthropotoxin* proposed by Pettenkofer over 

a hundred years ago, of which mention was made in Section 1. Tio 

satisfactory investigation of the causes of 'stuffiness' hes been 

made; it would be an interesting and potentially valuable study. 

Vernon end Manley (1926) investigated the causes of sensations of 

'freshness', and this may be seen an the opposite end of the 'scale. 

However, since sensations of freshness or otherwise are commonly 

referred to the head, and more particularly to the nose and chocks, 

the theatre situation in which all those present arc masked, is 

likely to be rather a special case. 

2. Nethods. 

The present investigation included a sequence of questions 

resulting in a five-point stuffy/fresh s.,a1c, the wording of which 

has been given in Table 3.1. These questions were put to each subject 
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before the more specific questions on temperature, air velocity and  

humidity, so that the answers would reflect what was meant by the 

term 'stuffiness' as genoral7g used. Had subjects been first asked 

to state epecifically whether the temperature, air velocity and 

humidity were co2fortble, they might have adopted a more rational 

and perhaps mielecding approach to reporting their sensation of 

'IstuffinessIs 

Results. 

The method of analyeis was exactly that used for the main responses, 

naleig the derivationof a multiple regression equation by a sequential 

procedure. The use of the mean vote as a metric vvriable was justified 

in the same way as the mean thermal vote. Graph 5-2-1 shows the 

result of preliminary sorting on the data, for surgeons and assistants. 
OF 

There is a good linear relationship between s, the mean 'stuffiness' 

vote, and the dry-bulb tenperature. The optimum temperature, at 

which s = 3, is seen to be 65.2oF. At this temnerature about 7 consi-

dered the conditions 'too stuffy' and 7$ considered the conditions 

"too fresh'. 

Table 5-2.1 shows the regression ,equations derived. All the 

. coefficients shown emceed trice their standard deviation. The variables 

entered the equation in the order in which they made the greatest 

reduction in the residual sum of squares, which is the order in which 

they appear. The table also shows the proportion of variance attribu. 

table to the regression at each step. Thus when only thermal variables 

were permitted to enter, the inclusion of vapour pressure and the 

radiation excess added only 2.5% to the 15.4 of the Variance attribu. 
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table to the temperature alone. The effect of air velocity could 

not be shown to be significant* The sensation of *stuffiness* appears 

to be predominantly one of feeling too hot, at least in the context 

of the operating theatre. 

Men all variables were permitted to enter, the proportion of 

variance attributable to the regression rose to 19.5. In this 

case, when allowance had been made for the subjects who were 

anaesthetists, the effect of thermal r:diation could not be shown to 

be Acnificant. The effect of air velocity was again not sicnificant* 

From this equation the 'optimum' temperature can be calculated by 

setting the other variables equal to their mp.:-n value in the data and 

the S.u.voto equal to 3; the results  66.6°F., is identical with the 

optimum derived in Graph 4-1 for thermal sensation at head hei:ht. 

it may also be compared 'with the optima derived from the regression 

equations for thermal sensation and. tabulated in Table 5-1.7* 

The effects of the individual variables can be illustrated by 

calculatinfi the equivalent temperature change from the relative•size 

of the rmression coefficients; in tome of the sensation of stuffiness, 

an increase of 7  in the relative humidity at the mean of.  72.7°F., 

50r) relative humidity., could be compensated for by a fall of 1°F. 

This le very close to the act= of SY given by Bedford and Tarner 

(1)39) for the effect of himidity on sensations of freshness. Berever, 

rhereas their figure implied that in their data the effect of humidity 

was three times as great on freshness as on thermal sensation, compari-

son. with Table 5.1-6 shows that in the present study humidity was 
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almost 

 

as influential on thermal sensation as on freshness. The 

reason is almost certainly that there is a rood deal more sweating 

in the theatre situation, and evaporation of sweat plays a corres. 

pondingly more important role in determining thermal sensation. 

Anaesthetists found conditions stuffy at a tempercture nearly 0 

above the tempercture at rfaich the other occupants of the theatre 

experienced a similar sensation. Inthe'provious sUb.section, 

si.11ar effects for thermal sensation and for observed sweating 

were demonstrated for anaesthetists, the bias amounting to between 

1 and 3.17.° for *  for thermal sensation, and to 5.F.0  for sweating. The 

present results show that for enaesthetists, the sensation of 'stuffiness' 

mchibited an identical bicsi Women found conditions tstufEyt at a 

telperuturo about 2.7.°  below the tcmpbrature at which the male 

occup4nts of the theatre experienced a similar sensation. Table 

5.1.6 shows that in contrast to these results, women were more tolez.nt 

Of heat when asked specifically about thermal sensation, and much more 

tolerant of heat interns of observed sweating. The delayed onset of 

sweating is associated with an increased sensation of stuffiness and 

the link may be causal. 

The effect of 'duration of stay in theatre' was such that an 

additional str,y of 145 minutes was eauivelent to a rise of la.°  

This effect is only about one third as crept as that of 'stay' on 

thermal sensation. A marginal effect of clothing on sensations of 

stuffiness was found and is Liven in detail in Section 6. 5. 

In maluating the success of the regression equations in 
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predicting the 8-vote, it ie of interest to compare the multiple 

correlation coefficients ,obtained, 0.425 for thermal variables only 

and 0.442 for all signifiCant variables, rith the simple correlation 

coefficients betrecn 8-vote and a number ofother parameters of thermal 

stress. These are tabulated in Table 5-2-2. The correlation coefficient 

rith Effective Temperature is the largest, 0.403:  but falls short of 

the ai.ltiplc correlation coofficientfor temperature and vapour pressure 

alone, (0.174) = 0.417. This in turn is smaller than the figures 

for EAuations 1 and 2 in Table 5-2-1. 

The correlation coefficient between S-vote and T1-vote, thermal 

sensation at head heiffit, vas only 0.592; that is, a knowledge of 

thermal sensation would pnpble one to account for on1,y 1 (0.592)2  

of the variation in predictip-f the sensation of stuffiness. Thus althow,t 

*stuffiness' is closely related to thermal sensation, there reins 

a considerable amount of unexplained variation. 

4. Discussion.  

The sensation of 'stuffiness' in the operating theatre ras clear4r 

Governed by many of the same factors that determined thermal sensation. 

Individual differences had a large effect, and a person rho felt that 

a theatre vas too hot might not feel it 'ms stuffy. Rorever, as the 

optima co-incide, it is probably safe to assume that if the theatre is 

not felt to be too hot it rill not be felt to be stuffy. 

Summary.  

The sensation of stuffiness ras examined and a number of influential 

factors were identified. The results should not be taken to apply 

outside the operating theatre. 
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5. 3. Subsidiary response: the perception of air velocity.  

1. Introduction.  

The air velocity in operatinc theatres is often extreme27 low. 

This has been a consequence of attempts to produce a dcraward dis- 

pl-canent system Williams, et al. 1962). There is come evidence 

(Angus end Brown 1957) to sixa,00-1-, that in ordinary rooms an increase 

of air velocity from 10 to 30 feet per minute is sufficient to cause 

a marked improvement in comfort. On the other hands  Baetjer (1924) 

found that air velocities below 40 feet per minute were not perceptible 

to the skin of the cheek over the whole range of temperatures encountered 

in occupied rooms. The present investization provides some information 

on the existing air velocities in occupied operatins theatres and on 

their effects. 

2. Method.  

Readings of mean air velocity were obtained as described in 

Section 3. Subjects were questioned on their perception of the air 

velocityiusing the eequeme of questions set out in Table 3.1; this 

resulted in a five-point scale of response, termed the 'Vt-vote', with 

the value 5  for 'air velocity much too high", 4 for 'slightly too high', 

3 for 'neither too high nor too lort, and so on. These questions were 

asked immediately after those referring to thomal comforL at elch of 

three levels. 

3. Results. 

Reference to Table 5.1.1. shows that the mean square root of 

the air -velocity at head heiht was 4.57, correspondinz to an air 

velocity of 21 feet per minute; the 95c/4: rep,c wan approximately 5.50 feet 
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per minute if the SQUOTO root is an eaeotively normalisinG transforma- 
- 

tient. The results of the analysis in Section 5-1 show that air velocity 

had an almost negligible influence on thermal oensation, not reaching 

signiAcnnee at head height. Proliminpry sorting indicated that the 

V-vote was ale() almost completely unaffected by air velocity, and 

the result is therefore not given here. Instead, Graph 5.3-1 shore 

that, for surgical assistants, the air temperature did have an 

apreciable efrect on the U-vote. The probit of the proportion voting 

1 or 2 ('too little sir movmenti) is plotted ejainst air temperature, 

and similarly these voting 4 or 5 ('too each air movenent9. A 

fairly accurate estimate can then be made of the temperature at which 

50;" considered the air velocity too low, The figure of 75.8.°P. 

corresoonde very closely to the figure of 76°F. given by &a jar 

as the telnerl_ture at Which the lower threshold of perception of air 

velocity was equal to 21 feet per min./te. The 'lower threshold' 

=fors to perception of air velocity by the eyes and immediately 

surrounding areas of skin, which is the area exposed by a mask in  

the operating theatre. It is reasonable to infer from this that air 

velocity was consideref:, 'too low' when it could no longer be detected 

by the most sensitive area. However, an alternative interpretation is 

that complaints of 'too little air movement' were made when the subject 

was too hot, without regard to the actual air velocity in the very 

restricted range encountered 

regression en3v-sis was performed with the r-vote as 

dependent, variable. Table 5-3-1 shows the equation derived by this 
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Means All the coefficients tabulated exceed trice their standard 

deviation; no other variables could be shorn to have a significant 

effect, The variables entered in the order shorn, and the proportion 

of variance attributable to the regression at each step in. the sequen-

tial procedure is shorn in the table. Air velocity accounted for only 

0.5;!, of the 16.11V) attributable to the complete regression, bearing out 

the sorting result mentioned above. 

From the relative values of the regression coefficients it can be 

calculated that an air velocity of 10 feet per minute at the mean 

tomnev:Iture of 724.6°.p. maid evoke the Sam() 7-vote as en air velocity 

of 50 feet per minute at 75°.r. This means that the largest difference 

of air velocity likely to be found in practice is equivalent only to a 

difference' of 2.4°.F. Similarly, it can be shorn that in tome of the 

V-vote, and under the mean conditions encountered, an increase of 10-/,  

in the relative humidity nos equivalent to a rise of 1.50.F. in the 

air temperature; anaesthetists complained of drauhts at a temperature 

3.8°.F, higher than did other staff catesories; in autumn complaints 

rem made at temperatures 1.70P. higher than at other times of the 

year. 

The mean value of the 17-vote ras 2.64 ± 0.75; this means that 

air velocities were more often considered too low than too high. Part3y 

for this reason, and partly because the coefficient of air velocity can 

only be inaccurately estimated, no meaningful 'optimum' air velocity can 

be derived from this equation. However, by satin:, the l-vote equal 

to 3 and the other variables to their mean values, the optimum temperature 
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can be calculated as 65.8.3r. This is extremely close to the 

optimum as calculated fram the thernal :csnonse equations in Section 

5-1, and lends support to the vier that the V-vote reflected thermal 

comfort and not perception of air velocity per se. 

4. piscussion.  

The air velocities occurring in operating theatres are Generally 

considered too lows However, subjects were unable to Give maninGful 

estimates of their sensation of air velocity; complaints of low air 

Velocity probably reflected a Generalised feclins of heat, and the 

feeling that an incresed air velocity rould bring relief. Section 5..1 

has shown that increased air velocities, rithin the presently occurring 

range, had ir= practice only a marginal effect on thermal sensation. 

5. Summary.  

Sensations of air movement were exaAned and were shown to be 

related to thermal sensation rather than to the actual value of the 

air veaocity. 

5. 4. Subsid-te.r7 response. the perception of humidity.  

1. Introduction.  

Althaufa the influence of hamidity on thermal sensation has been 

intensive studied, very  little cork on the percepLion of humidity 

per se appears to have been carried out. In Britain uncomfortably 

high or low humidities rarely occur naturally, and equiyaent for the 

control of humidity is only installed for special purposes. Operating 

theatres provide an iu.L-)ortent example of artificially hiGh humidity 

maintained for purposes other than the camfolt of the occupants, 
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(e.g. safety from electrostatic eparking). Previous sections have 

shown that the values of humidity presently occurring do not contri—

bute substantially to thermal discomfort or to Istuf2inessl, but 

hi 6h humidity is often blmned for feelings of discomfort in operating 

theatres. The present study investigated the causes of complaints 

of uncomfortably high humidity in operating theatres. 

2. ilothods 

Subjects were asked quite simply if they considered the humidity 

too high for comfort, ard their metier was recorded es 'yes' or °not. 

This question was put at every interview, after the Questions on other 

factors of the thermal environment. Humidity was measured as described 

in Section 3, 

Results.  

The current recommendation (Report of a txth.,:ing party on 

anaesthetic explosions 1956) is that the relative humidity in opera. 

tinc; theatres should not fall below 62r,, The moan relative humidity 

measured in the present survey was 50;1; the majority of operating 

theatres apparently fail to adhieve the recommended level. Defective 

adjustment or operation of thehamfdifica'a-criplant appears to be 

responsible for this; fey theatres studied were without ouch plant. 

The response MS coded as 0 or 1, and used in this form as the 

dependent variable for subsequent regression analyses. These have 

little predictive value for individualc, but the mean for a group 

can be seen as the proportion considering the humidity, too high. 

The overall moan was 0.346, indicating that over c third of the 

2,566 responses were complaints of high humidity. The correlation 
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coefficient of this response, referred to as the 1i-.vote, with 

relative humidity was 04)45, which is not significant at the 0.05 

level. 'nth vapour pressure it ras 0.242, with air talperature at 

head heidat 0.326, with the P estimate 0.257, and with thermal 

sensation at head height (T1) 0.462; all these values aro 11.144Y 

of -ni'facrxxt. Thus complaints of high humidity wcro'clocociatod most 

cloSciy with complaints of hith temperature, and only to a lesser 

extent with the actual observed sweating, i.e. subjects tended to 

complain then they thoucht the high humiditymust be preventing the. 

evaporation of sweat rather than then it was in fact doing so. Com-

plaints of high humidity should therefore be Interpreted as complaints 

of high temperature in the absence of evidence to the contrary. In 

support of this conclusion is the fact that complaints, of hich 

humidity were more closely associated rith the measured air tempera. 

Lure than with the measured vapour pressure. The multiple reo....concion 

analysis set but below shows that this prodoadname of temperattree6-ver  

vapour pressure persisted when their mutual correlation had been 

alloWed for. 

The difference between relative humidity aro, vapour pressure 

was investigated by me:ins-of prolimimiry sorting, rhioh Showed that 

a, given increase cf relative humidity produced a progressively 

eater increase in the proportion compVining of high hmidity as 

the temperature increased above 70°F. 	vidently„ alUhouda the 

majority of subjects considered that the could and did estimate 

relative humidity, they were not in fact doing so. For this reason, 

humidity was exoressed as water vapour pressure and the sorting results 
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are shorn in this form in Graph 5-4.1 for the 2,027 responses obtained 

from surgeons, their assistants and anaesthetists. It can be soon 

that complaints of high humidity incrersed linearly with water vapour 

pressure, and that a given increase of air temperature increased the 

proportion complaining by the same amount ovarthe whole range of 

humidity. EVidently a linear regression equation in taanerLture and 

vapour pressure is appropriate, in the some ray as the use of this 

form of analysis for thermal sensation. was justified in Section 4. 

It is worth noting that there appears to be a marked difference between 

the perception of humidity cibovo 700F, and that below. Nearly six 

hundred responses were obtaincd below 70°, so the effect is not likely 

to be due to chance. It can be seen that fewer than W, complained 

of high humidity below 70°, even when the water. vapour pressure 

corresponded to 709! relative humidity. Between 70° and 75°F. this 

proportion eras already exceeded at 7 mm4g., corresponding to a 

relative humiditybelow 400. Above 75°.F. the proportion did not 

fall below a third at any humidity. 

Table 5-41 shows the re_ression equation derived by the usual 

sequential procedure. The variables entered in the order shown, and 

the proportion of variance attributable to the rosression is tabulated 

at each step. All the coefficients listed exceed twice their standard 

deviation, and no other variable could be shown to have a significant 

effect, The multiple correlation coefficient, (.398) is lower than 

that derived in Section 5.2 for istuffine.,se, but only marginally so. 

It also falls short of the correlation between B-voto and Tr-vote. 

The regression coefficients can be interpreted as the resulting 
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imoremcnts in the proportion of complaints. For instance, an increase 

of 1.F.° would ad(- 0.03 to the II-vote, i.e. would increase tho percen-

tage complaining by 7,, for a given group. Thus a given sot of 

conditions in which 3D,' of a group of anaesthetists complained of 

high humidity would cause 48 of a group of surLoons to make similar 

complaints. However, this is perhaps misleading. AXIL alternative 

interpretation is in terms of the equivalent temperature Change to 

produce a given change of II-vote; this method has been used illustra-

tively in previous sections. Thus an increase of 10,  in the relative 

humidity above the mean conditions produced the same cliange of response 

as an increase of 2.1°F. in the air temperature; surgeons complained 

of humidity at temperatures 5.8°F. below other staff categories; in 

spring complaints of high humidity were made at temperatures 

lower than at other seasons of the year; subjects 20 years older 

than the average complained of high humidity only at temperatures 

3020r. higher than subjects .of average age. 

In Section 5.1. it vas shown that below 64.3°i?., fever than 5 

of surgeons experienced any thermal discomfort. Prom the equation in 

Table 5-4-1 it can be calculated that at this teverature, in seasons 

other than spring, fever than 55' of surgeons complained of high 

humidity vhen the vapour pressure was below 6.4 mm.Eg., corresponding 

to 40r3 relative humidity. Thus this recommended maxim= temperature 

for thermal comfort is unlikely to lead to many complaints of high 

humidity. 

4. Tiscllasion.  

The results of this sub-section show that complaints of high 



167. 

humidity are common in oporatins theatres, that they are mediated 

by hiGh vapour pressures rather than by hiGh relative humidities, 

and by high air texsoratures to a croater extent than by vapour 

pross,res However, no more thro 16,r, of the variance of this 

=sponse could be attributed to the recorded variables•  Complaints 

of hill humidity aro like:w to be infroauent below the minimum tcm-

perature of 64,50F, recommended olcerhere on thermal comfort Grounds, 

5. Summary, 

Factors cousins complaints of high humidity were identified and 

the masnitude of their effects was derived, 



168. 

Table 5. 1. 1. 	Mean and standprd deviation of the major variables 

Variable Mean 

; 21 f.p.m. 
; 23 	It 

i 30 	n 

1.6 1.6 

0.228  

Standard 
deviation 

1. Ambient temperature (°P.) 
head 
trunk 
feet 

2, Water vapour pressure (mmar&) 
3. Radiation (°p. excess over 

ambient) head 
trunk 
feet 

4. Air movement (f.p.m.)2 	head 
trunk 
feet 

5. AV years) 
6. Sex 	proportion female) 
7. Race( 	European) 
8. Build 
9. Surgeon 	(proportion) 
10. Surgical assistant 	n 
11, Scrubbed nurse 	" 
12, eathetiet 	o Ana 

72.6 
72.3 
71.8 
10.2 

4.3 
2,1 

4.59 
4.77 
5.51 
38.6 
0.364 
0.836 
2.820 

0.250 

g::1 

0.26) 

0.187 

0.292 

0.261 

2.00 
46 

4.0 
4.0 
3.9 
2.4 

2,8 
1.5 

1.16 
1.21 
1.50 
9.3 

. 
0.78 

. 

1.11 
' 0.73 

. 

15, Spring (fraction responses Mardh. 
May) 

14. Summer ( 	n 	' 	June. 
August) 

15. Autumn ( 	In 	n 	Sept.- 
Nov.) 

16. nter ( 	n 
Feb.)Dece- 

17. Stay in room (hours up to time of 
questioning) 

313. Stress 1. 
19, Proportion wearing glasses during 

operation 0.287 
20. Comfort for head (T 

for trunk (T2) 
for feet (r-) 

21. overall (r0222  1/3 
(T1 	T2 	T3)) 

22. Degree of visible perspiration on 
forehead (P) 

3.69 
3,51  
3.31 

3.50 

0.58 

1.14 
1.17 
0.97 

0.94 

0,62 

Variables 6. 7, 9-16 and 19 aro non.metric so that a standard deviation 

is not an appropriate measure of dispersion. 
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Table 5. 1. 2. Correlation riatrix.  

P 
• \ 

t VP v2 	Ili 

t 1 0.275 0.159 - 0.259 	0.466 0.262 0.452 0.500 0,366 

VP 1 	; NS - 0.204 	0.267 0.202 0.275 0.290 0.198 

R 1 NS 	0.061 0.118 -00061 - 0.076 VB 

2 1 	- 0.145 -0.097 -0.161 - 0.171 - 0,068 

T1 1 0.366 0.768 0.887 0.476 

P 1 0.375 0.379 0.218 

T2 1 0.911 0.536 

To 1 0.761 

T3: I 

"Correlation coefficients are based on 2,566 pairs. 

(,4 Those erecter than 0.051 are significant at the 0.01 level.) 

Le nd: .t = dry-bulb temperature. VP ' vapour pressure of vater. 

R = radiant excess temperature. V 2 = square root of air velocity 

TI * Thermal vote at head height 

P on observed forehead sweating 

T2 	thermal vote at body heiGht. 

T3 = thermal vote at feet. 

To  = 313 (T1 i- T2 + T3) 

T1, P are related to values of physical variables measured at head height* 

T2. To " 	II 	ft 	11 	tf 	if 	 ft 	 tf 	ft body 	fi 

T3 is 	n n It ft 	II 	 It 	 tt tt feet u 

Correlations among Ply:sisal variables relate to measureueuts at head hei6ht• 



Table 	Coefficients of the rerFession equations for 

170. 

123.9.4-91121.3-2L-1"11.9 11". 

Variable Response 
Ti T2 - T, To  

1. AMbient temperature (°F.) 0.126 0.134 	0.091, ,04118 0.038 

2. Water vapour pressure 
(mm.lit4 0.066 0.076 . 	0.048 0.062.  0.033 

3. Radiation (014) 0.037 0.095 	0.050 0.079 0.025 

4. Air movement ( ,/vel•in f.p.m.) 0.073 - 0.030 - 0.058 MIN 

Constant 6.340 - 6.848 	3.669 - 5.636 - 2.694 

Multiple correlation 
coefficient 0.504 0,503 	40.394 0.548 0.331 

'Correlation coefficient with 
ambient temperature 
only 0.466 0.452 	0.366  0,500  0.262 

The recrossion equations ar of the form 

Predicted response= a t- b1x1  -b2z2 	,00 

and the table eives the values of the coefficients bl, b2 etc. and of the 

constant a. All the coefficients listed elmeed twice their standard 

errors. - indicates that the variable was not entered into the 

rrossior,its effect on the residual sum of squares bin, insiGnificant. 
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Table 	1. 4, Covarison vith other indices of thermal comfort 

Values of the correlation coefficient betveen 
the indiccted response and the index  

Mean value in 
this data 1 

AMbient te-aperature 7?.6°F, 0.466 0.262 

Globe thermometer temperature 76.9°F. 0.448 , 9.506 

Equivalent temperature 72.89F, 0.4462 , 0.300 

Effective temperture 68.29F. 0.481 9,285 

SinEapore or Equatoriza Comfort 
index 61.0°F. 0.481 p. 281 

Roz;ression (Table 5. 1. 3.) 0.504 0.331 

The correlation vith the Sincapore'index vas calculated for table Staff 

only, i.e. anaesthetists crere excluded from this calculation. 

The definitions of the several indices are given.in Bedford (1964) 



- 0.160 
. 0.166 - 
. 	. 	.0,166 

- - 	- 

- 0.160 	0.128 . 
. 0.166 - 0.117 
. . .0,166 - 0.090 

- 	- 	- 	- 	0.042 
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13. Spring !!arch- y) 
14. Cum= 	 Au,suet)  
15. Autumn Sept...November) 
16. Vinter Dec.-Feb. 
17. Stay in roam (hrs. 

13. Spring !!arch- y) 
14. Cum= 	 Au,suet)  
15. Autumn Sept...November) 
16. Vinter Dec.-Feb. 
17. Stay in roam (hrs. 

Constant 	 -5.622 -.5,991 -3.467 MUltiple cora 	nation 

	

coefficient 	0.520 0.541 0.423 

Constant 	 -5.622 -.5,991 -3.467 -4.929 -2.262 MUltiple cora nation 

	

coefficient 	0.520 0.541 0.423 0.576 0.490 

Constant 	 -5.622 -.5,991 -3.467 -4.929 -2.262 MUltiple cora nation 

	

coefficient 	0.520 0.541 0.423 0.576 0.490 

0.128 . 
0.117 
- 0.090 

- 0.042 
-4.929 -2.262 

0.576 0.490 

The form of the regression equations is as described in Table 5. 1. 3. The form of the regression equations is as described in Table 5. 1. 3. 
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Table 3. 1. 6. Equivalent. thexmal effect of other variables.  

A. Change in the specified ve,riable required in order to produce the 

same effect as 3P1?. droo, in ambient taaperature. 

Variable 

Tn  

' pesponse 

T5 P 

VaDatlrprOSCUXO, Mork> -, 	,1.8 - 	1.9 - 	1.8 - 	2.0 , - 	1.2 
cjo Relative hu-aidity at 63°F. .,. 10 - 10 - 10 - 11 ;.. 	7 
Radiation, 02. - 	8.0 - 	2.5 - 	2.3 - 	2.4  :- 	4.0 
Air movement, fin«. at 25 fpm. - 27  30 
ICOp Years 12 22 7 12 ' 	4 
Stay, Pxinntes in theatre - - - - - 51 

B. . Chan6s in ambient tcmperaturc, .°P., required to produce the sem.  e 

. response in the specified ..;lass of individual as ,t'nat observed in 

the population as a rhole. 

01a-- daetra,cter 

1 T2 

Resnonse 

o P 

Sex (faaale) 1.0 7.3 

Race (non-Diropean) 3.1 

Surgeon - 2.0 - 1.5 - 0.7 1.7 ' 7.1 

ilnaesthet lot 2.1 3.1 1.0 2.1 5.2 

Pat subjectr.1 . 1.2 2.3 

Thin subjects 1.2 2.3 

C. Change in r- bient temperature, 	ruined to produce the same 

response in the given season ao obtainecl in winter. 

Ser„son 	 Response 
T 
2 	T3 	To 

oat 

P 

2.5 

Spring Liarc1i-Ilay) 
Sumner June-Ausust) 
Autumn (Sept.-Yrovember)  

- 1.3 	1.2 
- 1;3 	- 1.1 

1.3 
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Table 5. 1, 7. Preferred enbient tavez%tures CPO CT= 3.0)  
Vor moan observed values  of the other vis221921 

T1 	2 
To 

Surceone 64.8 67.1 70..0 66.1 
Sur(j..cal assistants 66.7 67.4 70.5 67.5 

Scrubbed nurses 66.7 67.1 70.0 67•5 	' 

Anaesthetists 03.8 71.8 , 71.6 69.9 

Ti. To. T., are the scale values of the interdle7 resronse Lox comfort 

oZ head, trunlz arti feet respectively. Tol  the c.,eneral comfort response. 

1/3  (Ti + T +- T3). 

The values Given have been calculated from the rercosion equations 

given in Table 5. 1, 5, end represent the ambient telperatures atvbich 

the hiGhest proDortdon of each co,tecory stated that they uer.e coai.Corto.ble. 
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Table  _5. 1. 8. Resj.:onse to some onviromiontal cizatrastances  

Chan 
change in ambient temDerature, 
°F,, producing same effect on: 

Ti T2  

Pam 	trolc,:ted* to 'tense apmosphorel 1.8 2.0 5.4 
FrOM minor to major operad_On 2.2 

From iro mistakes' to 'two mistn zes' - 1,3 

Increase equal to 2 z. S.D. ins 

Man variation of air velocity 
( + 4.52 41-no) 0.9 

. Entries and mits to theatre 
( 14  /hr) 
	

1.8 

Llovemaato within theatre ( * 52/hr.) 	 2.4 
Mximum noiso love/ ( * 7.4 pitons) 
	 2.0 
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Table 5. 1. 9. Coefficients of the repression equations used in 
the calculation of. predicted votes and Index  
allp 0raturc3 • 

Vhriable 
Tl 

Response 

To P T2 T3  

Ambient Temperature, °P. 0.120 0.126 0.091 0.113 0.033 

Vapour pressure, ming. 0.065 0.071 0.046 0.059, 0.035 

Radiation, °P. 0.014 -0.058 -0.052 0.053. 

Air Movement, (fpm.)i.' ..0.055 -0.030 .0.046 

Status = 1 for Surgeon 0.417 

APsistant - 0,237 

Anaesthetist -0.366 -0.506 

Sax = 1 for female -0.124 

Constant ..5.669 .6.112 ..3.669 -5.136 .2.251 

Iftltiple correlation coefficient,R 0.516 0.533 0.394 0.566 0.452 

of. Multiple i for Thermal variables 
only 	0.504 0.503 0.394 0.348 0.331 

for all variables 0.520 0.541 0.423 0.576 0.490 



Table 	10 Eguations 

Variable  

used 
177. 

to generte  other Thelma  1 Indices  

Eeuation 

 

       

I 
Equivalent 
Temperature 

II 

Singapore 
Index 

XII 
Effective 
Temperature 

Ambiont tcmperaturo, T. °P. 1.00 0.574 0.52 
Vapour pressure, among. 0.488 
Relative hemiciity, H, $ -0.19 
Cross product TxU. 0.0036 
Air movement, (V cpm.)'-f -1.474 -0.231 -1.69 
Cross product TxVili' 0.0147 0.019 
(Mean radiant Temperature, TLIR)-T 0.478 
Constant 21.23 27.8 

Equations I and III may be written in the following form' 

I Equivalent TenperzAure 0.522.T + 0.478•TMR - 0.01474 Iv 

III Effective Temperature = 0.52.T H(0.0036.T..0.19) -irft(1.69.0.03.94) -t-27.8 

.Equation IV  

Effective Temperature * (60 + 0.5 	- 42 0.8 .,Ar)  + 45.4  
Tv 	65 . o.74, 	) 

(T - A7), the Viet bulb depression of en Asuman thermometer, is given 

approximately by (T 	(1 - iv100)(0.36.T 2.6) if only T • H. are 

available. 

Equation IV was derived geometrica.lay from the Effective Temporature nomogram 

(Normal seals), and applies only to the ranges 60 < T < 80°, 30 <H < 70;!, 

10 < V < 100 fpn, rith en accuracy of ± 0.5°F. 

Equation III was derived by multiple regression analysiti, using the data of 

the survey, and estimates Effective Temperature (as derived by Equation Ilt) 

vrith a standard deviation of t 0.18°F. 
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Table 5. 2. 1. Rercression e9uations for 6-vote.  

Calculated for the total experimental population (3i Ix 2566)  

Variable 

 

Equation I 
(Thermal variables 

only)  

 

Equation 1 
(iii variables) 

   

    

     

Coefficient  ma 	Coefficient RSn 

Temperature, op. 0.061 0.154 0.058 0.154 

Vapour Pressure, no•lig. 0.040 0,174 0.040' 0,174 

Radiation, Op, above B.B. 0.018 0.179 

Anaesthetist -0.167 0,107 

Sex, female 0.121 0.193 

Stay, hours 0.024 0.195 

Constant - 	-1.579 7.1.31? 

Multiple R. 0.423 0.442 

Notes 'RBQ' columns tabulate the proportion of the total variance 

attributable to the recession at each step in the 

sequential procedure. 
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Table 5. 2. 2. Correlation coefficients vith S-vote.  

Calculated for the total experimental population (N 0 2566) for 

readings at head hcijit. 

Variable 	Correlation coefficient  

Effective Temperature 	0.403 

D.B. Temperature 	 0.392 

Equivalent Temperature 	0.391 

Llean Radiant Temperature 	0.354 

Vapour Pressure 	 0.243 

(Relative Humidity 	 0.008. Is) 
(Air volocitW 	 -0.101 

(Radiation Excess 	 0.022. NS) 

Vote: Correlation coefficients greater then 0451 are 

significant at the 0.01 level for N sr 2566 



Table 5. 3e 1. Recession equation for r-vote. 

Variable Coefficient R80 

Temperature*  °F. 40  0.056 0. 127 

Vapour Pressure, =Jig. .. 0.041 0.146 

Anaesthetist 0.214 0.161 

Autumn 0.094 0.165 

(Air velocity, fp:314'21  0.035 0.168 

Constan.t 	 6.863.  
....410.141.01/11/01. 

Multiple Correlation 	 0.409 
,•••••••1111.....1•1111011111.1.1M. 

rotes Based on 2566 oases. glISQ' column tabulates the 

proportion of the total variance attributable to 

the regression at each Steep in the sequential 

procedure. 

1804 
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. Table 5, 4. 1. 	ReFnmssion equation for E-vote. 

Variable 	 Coefficient 

Taaperature„ °P. 0.031 0.106 

Vapour Pressure, =uric. 0.033 0.132 

..urcoon 0.178 0.143 

Spring 0,096 0.151 

A ge (years over 25) -0.005 0.159 

Constant -2,270 ° 

Liultiple Correlation Coefficient 0.398 

/Tote' Based on 2566 cases. 

column tabulates the proportion of the total v'ariance 

attributable to the recression at each atop in the sequential 

procedure. 
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6. 1. Subsidiary response* the pereeption of noise  

1. Introduction.  

Surgeons frequently complotin of the,  noise in operating theatres, 

particularly when the critical stage of an oper-tion has been reached. 

Very little has been done to reduce noise levels. In the interests 

of hycione the valls tsyle,  floor must be of hard, ps.mily cleaned material. 

In the interests of free movement within a suite, there are often 

no doors between the various areas. Sinks and bowls are often of 

stainless steel. Section 6. 2. will show that unexpectedly large 

numbers of people move throliel operating theatres during operations. 

The resulting noise climate is reverberant and highly vtriable, 

containing high frequency transients from impact sources. Broadbent 

(1957) has shown that high frequency noise is more distracting than 

low, and Woodhead (1959) has shorn that a brief loud noise leads to 

a period of distraction from concentrated tasks involving decision-

making. Sanders (1961) found that varied, unpredictable noise affected 

performance on concentrated tasks more than did monotonous noise. 

It is therefore not surprising that complaints of noise are coon 

in operating theatres whore the sound pressure levels may in fact 

be very low by iniuStrial standards. Believer, there remains the 

possibility that such complaints are merely a generalised response to 

stress, and would be unaffected by reduction of the noise level. The 

present section deals with an investigation of this point. 

2. Mtthod. 

A question on noise was included in the sequence of questions 

described in Section 3. Subjects were asked if thqrconsidered the 
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theatre had been too noisy during the immediately preceding period, 

and their answers were recorded as 'yes' or 'no'. 

An estimate of the noise climate was made using a noise meter 

incorporated in the assembly of other environmental instruments 

designed by Dr. 	Iidvell and constructed at the Central Public 

Health Laboratory* The noise meter provided a record in the form 

of points on a paper chart, printed each five seconds. The chart 

reading in microamperes vas logarithmically related to the sound 

pressure level over the data range, as shown in Graph 6.1.1. Arbitrary 

noise scale urine were used for reading: the chart, the values 1-5 

corresponding to 5, 10, 20, 40 amd 80 microamperes respectively. 

Those are related to sound pressure level in dB re 0.0002 Dynes/Cm.2  

at 1500 Rs. in Graph 6-1.1. The range was therefore 50.67 0. The 

frequency response of the instrument vas arranged to be approximately 

the same as that of the ear, and the values therefore approximate to 

phons for general noise. 

Records of the noise climate were taken during operations, with 

a desk microphone on a table et the periphery of the theatre. Because 

the acoustics of hard.valled TOO= are reverberant, the exact position 

of the microphone was not critical and the readings are relevant to 

the experience of the anaesthetist and table staff. Records were 

taken for as long as possible, often for an hour or more, and thus 

provided representative samples of the noise in the periods studied. 

Re records were taken between operations, as the noise level vas 

always considerably higher, and questions on noise did not relate 

to these 'changeover' periods. Occasionally it was not possible to 
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obtain records, perhaps because operations were too short or ended 

unexpectedly soon. In these cases, no assumptions were made about 

the 'typical' noise climate of a theatre. In fact, noise levels 

seemed to be 'related mach more closely to the preference of the 

'consultant surseen'than to the characteristics of the!  theatre itself. 

Replies relating 'to periods for which no record was available wore 

discarded, and the analysis of the noise response, or '11.4vote'„ has 

therefore been placed in the 'incomplete data' eocaon of this thesis. 

Records were quantified in two ways. Firstly, a 'basic noise 

level' was found; this vas usually very clearly a level to which 

quiet, periods tended asymptotically, and beneath vhich no reading's 

were obtained. The noise scale unit imediately below was written 

down; for example, if the base noise level was that corresponding 

to 15 microamperes, the figure vas '2'. The information contained 

in this form can be expressed as 'the noise level was at all times 

above level 2 (54 dB.)'. 

Secondly, the level exceeded for 20% of the time was found, 

rnd again written down as the next lowest noise scale unit. An 

e804 level' of '4' means therefore that the noise level exceeded level 

4 (o.62.5 dB) for at least 2O of the time, but exceeded level 

5 (0.67 dB) for less than 2",f, of the time. It is recognised that 

this is a fairly crude method, but the noise levels were so varied 

that a more thorough numerical approach would not have been justified. 

5. Results. 

Over four hundred noise records mere obtained, and 2,222 related 
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roPlies. The noise levels were distributed approximately normally; 

the moms base level was 51.5 dB. with a standard deviation of 4.7 dB; 

the mean 80% level was 60 dB, with a standard deviation of 3.7 dB. 

The meanresponse Was 0,252, i.e. 25.2% of those interViered consi-

dered the theatre had boon too noisy. The standard deviation is not 

an appropriate moaoure of dispersion for a quantal res:lows. BoT:over, 

the mean N--votes for surgeons, assistants, narses and anaesthetists 

all lay bcpreen 25% and 26, a very markedly nnirons response, perhaps 

unexpected in view of the different functions performed by each staff 

category. For all subsequent analysis, the data from all staff 

categories has been pooled. 

Graph 6..1.-2 shows the relation beireen the probit of the 

proportion complaining of excessive noise and the two criterion 

noise levels. The regression lines shown were derived by an iterative 

approximation to the maximum likelihood solution as given0y Finney 

(1947). The difference in slope between the lines does not approach 

significance. There is no heterogeneity significant at the 0.02 level 

for either line, and the response is thus seen to be related to the 

stimulus level in an orderly way. The sos level should be/elow 

42 dB in order to ensure that no more than 5% of theatre occupants 

complain of noise. If it rises above 73 dB, 50% of theatre occupants 
'i11 complain. 

Table 6.2.1 chows a reduced correlation matrix for a number of 

variables with both noise levels and IT-votes Coefficients exceeding 

0.055 are sizpificant at the 0.01 level. The variation of the 80% 

level accounted for only 2% of the variation of the N-vote, and the 
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base noise level had even less effect. Thermal stress, ae meveured 

by the Index temperature for head height response, did not significantly 

influence the lUvote, even though the measured noise levels were 

positively correlated with the thermal stress. This association 

is probably due to the fact that older theatres tended to be both 

hotter and more noisy. 

The 80 noise level vas lower in difficult operations and when 

the 'tension,  vas high, thouGh in neither case was the base noise 

level affected. The occurrence of misteices in procedure tended to 

be associated with an increased 	noise level, and when the tempo 

was fast both base noise level and 80 noise level were increased. 

hone of these variables had an effect on the N-vote, and their effect 

on the measured noise levels, though si,Dalficant and interesting, 

was small. 

then a surgical complication had occurred, there wore more 

complaints of noise, though the noise levels were not significantly 

increased. This is the only case of a variable other than noise 

leading to complaints of noise, and the effect is extremely small. 

Neither did the other responses made by subjects appear to affect 

the ,-vote, as they would bo expected to do if complaints of noise 

were fundamentally a symptom of Generalised discomfort. The correla-

tion coefficients of the N.ivote with responses relating to stuffiness, 

thermal comfort at three levels, the sensation of air movement and 

the observed forehead sweating, did not approach significance. Com- 

plaints of excessive humidity were correlated (r m 0.074) with complaints 
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of noise, and this is significant. However, only 0.5% of the variation 

can be accounted for in this ray, and the effect is thus marginal* 

When the method of sequential regression analysis was applied 

to the noise data, very little uew information was obtained. The 

deviation of the observed forehead sweating, P, from the predicted 

swoatine, 1)(1), as calculated by Equation 5 in Table 5.1.09, was ride  the 

dependent variable in a sequential multiple regression analysis. 

The 800 noise level could be shown to affect this measure (P(1,2219) 

8.2) but only to account for 0.4% of the variation. This result is 

referred to in. Section 5.1. en  appears in Table 5.148* Observed 

eat rates were lower when 80 noise levels were higher ( +7.4 dB 

2.11.0). The reason for, this was probably that the stress sweating 

was reduced when tension was low and talking and laughter, almost 

always the source of high level noise in theatres, were consequently 

more frequent. The effect of noise level on deviations from the 

predicted themaal votes could not be shorn to be significant* 

The method of multivariate analysis did not reduce to insignia. 

canoe the afoot of eurc4eal complications on tho perception of 

noise, nor did it brin2; to lijit any further variables having a 

significant effect. In accordance with the simple correlations, 

8CiA noise level entered first with the N-vote as the dependent 

variable. Complaints of noise are therefore probably related to 

the upper levels reached rather than to the minima or base levels of 

noise. 

4. Discussion. 

Complaints of noise seal to be causally related to measured 
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noise levels alone, with the sole and reasonable =option of 

slightly increased sensitivity to noise when the surgical situation 

becomes more critical. The absence of heterogeneity in the probit 

regression indicates that there is a normal distribution of response, 

but the low correlation coefficients obtained show that there is 

considerable variation in the subjective criteria of noise annoyance. 

Different categories of theatre steff do not appear to have different 

noise expectancies, though Lalulon (1965) found this to be the case 

for different categories of office vorher. Differences between =cos 

were non-existent, and the remaining 980 of the variation must be 
ascribed to other inter and intra-individual differences that were 

not measured in this survey. The dependence of measured noise levels 

on the somewhat esoteric aspects of the surgical situation assessed by 

the observer is of interest chiefly as cross validation. 

5. Summary.  

Complaints of noise were related to actual noise levels and 

did not seam to be symptoms of generalised discomfort, 

6, 7. Staff movanmet end occupancy... 

1, Introduction.  

As part of another study, on e =ler of occasions a careful count 

was made of the number of people in the theatre, the number of entries 

and exitsland the amount of movement within the theatre. Complaints 

of undue movement in theatres are common, and it is of interest to 

{nor what factors pveni the oc-urrenco of such conplaints. The 
present sub-section deals with an investigation of these factors. 
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2.Method. 

Records of all staff movements in4 into and out of the theatre 

were kept by the nurse for periods of about an hour during rouhly 

half the sessions studied. For this purpose, she used a double-entry 

table to record the starting and finishing point of each discrete 

movament, as described in Section 3. This enabled detailed traffic. 

flow plane to be made, but for the present purpose the data rap reduced 

to two fiEures, re resent 	movements per hour within the theatre, 

end entries and exits per hour. A third fire gave the number of 

people involved in the movalerrt; however, as the high entry and exit 

rates. show, the actual nudber in the theatre vas constantly changing. 

No records ware taken between operations, when movement rates were 

necessarily considerably hider. 

Sub4ects were asked whether they considered there had been too 

much movement in the theatre, and whether they ooneidered,  there had 

been too many people in the theatre. The answers to these questions 

were recorded as 'yes' or ono/ (1 or 0) and form the X. en4 O. votes 

respectively. More than 1200 pets of replies were obtained that 

referred to periods in which movement records had been taken. The 

+Z-cardt method referred to in Section. 4 vas used to deal with this 

incomplete data, These results therefore form a subsection of Section 6. 

3. Results. 

Entries and exits varied between 1 and 450 per hour with a mean 

of 222. Movements within the theatre varied betreon 1 and 100 per 

hour with a mem of 45. Occupancy varied between 3 : and 19 with a 
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moan of about 10. This figure represents the number of different 

people present at some time during the operations studied, not 

countirr,  the author or observer. The moan number of people continuously 

present would be considerdbly less than this. 

The Ii vote results for each status category are shown in Table 

6. 2. 1. In all, 28;!: of those questioned complained of excessive 

movement during operations. Scrub-nurses and anaesthetists complained 

more than surgeons and their assistants, and tho differences between 

status categories are sinificant (P <0.02) using the chi.square test 

for independence (Fisher /958). Table 6.2.2. shows the ©vote results 

in similar form. In all 26 of those questioned complained of over-

crowding during operations. Scrub-nurses complained more than 

anaesthetiote, anaesthetists complained more than surgical assistants, 

and surgeons complained least of all. Again, the differences between 

status categories are significant. (p < 0.01). 

Graph 6. 2. 1. shows the increase in complaints of excessive 

movement with increasing entries and exits per hour, for all status 

cateLpries As the probit transformation has boon used, a linear 

regression is expected. Between 15 and 205 complained below 60 entries 

and exits per hour; not more than 401, complained even at 300 entries 

and exits per hour. The corrslation coefficient of 0.092, though 

sicnineant at the 0.01 level, means the variations in actual levels 

of movement accountedfor less than 	of the total variation of the 

B-vote. 

Graph 6. 2. 2. shows the donondanco of the 0-vote on the numbers 
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of people observed in the theatre during the session; for all status 

categories. Complaint increased from 	with 5 people in the theatre, 

to 24g with 10 people and to 47% with 15 people. The correlation 

coefficient of 0.229 is highly significant and implies that variations 

in the number of people in the theatre accounted for about 5% of the 

total variation of the 0..vote. 

Table 6. 2. 3. shows the correlation matrix obtained for this 

data. It is worth noting that the movement within the theatre had no 

significant effect on the M-vote, and vas negatively correlated rith 

the noise levels measured in the theatre. This indicates that move-

ment within the theatre was not distracting and did not increase 

noise levels. The number of people in the theatre had no effect on 

the noise levels. The inference is thus that high noise levels are 

probably due to talking rather than to movement and activity within 

the theatre. Entries and emits to the theatre led to complaints and 

increased the measured noise levels. 

In an attempt to identify other causes of complaints of excessive 

movement, a sequential multiple regression analysis was performed with 

the M.vote as dependent variable. Table 6. 2. 4. shows the regression 

coefficients obtained, all of them significantly greater than zero 

et the 0.05 level. !lore complaints were made in difficult operations 

and  rhea the team were working quickly; high temperatures and air 

velocities were also associated with increased complaints of movement 

in theatres. Thus there vas an element of speed stress and of 

thermal stress in this response, accounting for about 1.5 of the 
total vrariation. 
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The effect of movement on thermal responses was also investigated, 

using deviation from the predicted response as the dependant variable 

in sequential multiple regression analyses, as set out in Section 4. 
The enuations of Table 5. 1. 9, were used to generate the predicted 
Ti and P responses. No effect of movement on Ti. (thermal sensation 

et he—d height) could be demonstrated, but Table 6. 2. 5. shows the 

regression coefficients obtained with (P. P(P)) as dependent variables 

Movement variables were forced i4o the equation before the other 

variables could eater. All the coefficients are significantly different 

from zero at the 0.05 level, Ferehead sweating wLs lees for high levels 

of movement within the theatre, more for large numbers of entries end 

exits. Tension and the difficulty of operations had independently 

significanl effects, so the apparent effects of movement are not due 

to correlation with these factors. If forehead sweating is a symptom 

of stress, as suwested'in Section 5.1, the. inference must be that 

entries and exits tend to increase stress, arguably by their distracting 

nature, While free movement of staff within the theatre tends to decrease 

stress. A comparison of themasnitude of these effects with the effect 

of air temperature is made in Table 5. 1. S. 
4. Discussion.  

Complaints of 'too much movement' in theatres clearly refer to 

entries and exits rather than to movements within the theatre. The 

=hers of entries and exits recorded are indeed very high. On more 

than half the sessions studied, the entries and mite corresponded to 
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one person; entering and leaving again each minute throughout the 
sessions  It should be remeMbered that recordka ceased when the 

operction ended; these high rates of entry and exit occurred with 

an open wounds In view of the bacterial riml:s known to be associated 

with movenent of staff in the theatre, some radical measures seem ' 

called for to reduce the traffic during operations. The numbers of 

people entering the theatre during operations were also him this 

is undesirable for the same reason, and could well be reduced. 

There is evidence to suggest that complaints of movement and of 

overcrowding can be symptoms of stress rather than responses to the 

actual levels of movement and occupancy, but no measurable factors 

were identified that could account for more than a small fraction of 

the variation in these responses between people and between occasions. 

In general, surgeons end their assistants tended to complain less 

than scrub-nurses and anneathetists. 

5. Sur erg. 

Complaints of movement and of overcrowding rem related to the 

measured levels of staff movement and occupancy. Entries and exits 

were shown to lead to more distraction than movements made within the 

theatre. Some evidence vas provided for the view that complaints are 

related to stress as well as to actual levels of movement end occupancy. 

6. 3. Variation of air velocity.  

1. Introduction.  

Bedford and Varner (1939) shored that the 'variability' of air 

velocity was an important factor in causing sensations of freshness in 

summer. A conlon complaint in theatres is of lack of freshness, or 
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stuffines.., in spite of high rates of air change. It would be of 

interest to know if these complaints were due to insufficient variability 

of the air velocity* 

2. Method. 

The method, of measuring air velocity described in. Section 3 

resulted in the longest records of air velocity being obtained at 

head height at the table, since the r,:diometer took at least two or 

three minutes to re oh equilibrium under the lamp. Daring these 

periods, the air velocity was sampled at four second intervals, twice 

in twenty seconds. Records having at least six values of air velocity 

recorded in sequence were selected, and those showing a systematic 

trend were discarded. About 500 sets of readings satisfied the condi. 

tions„ and over 1004 sets of responses could be relates to them, none 

from anaesthetists. Preliminary examination showed that the distribu. 

tion of air velocity readings about :their mean when measured at such 

short intervals was not even approximately normal, in many cases being 

clearly bimodal.. The standard deviation did not therefore seem an 

appropriate measure of Iveriability4 Bedford and Varner had used 

the mean variation, and this practice was followed. Deviations from 

the mean, rel4ardless of sk,n, yore measured, and their average taken 

.as an estim:,te of the mean variation. This quantity has the merit that 

it is linearly related to the difference between the two most common 

values in a bimodal distribution; it is arguably this difference that 

is detected as 'variability' in a turbulent air stream. 

'The mean variation in feet per minute, was recorded for 1600 cases, 
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and transferred to the Z-card as described in Section 4. An attempt 

was then made to relate the mean variation to other variables and to 

subjective responses, 'within the reduced sample. 

3. Results. 

The average value of this measure of variability was 4.3 feet 
per minute, about wiya of the mean air velocity. Table 6. 3. 1. gives 

the correlation matrix obtained. Yellowing Bedford and Warner, the 

mean variation of air velocity was calculated alternatively as a frac-

tion of the mean air velocity during that ran of measurements. This 

additional variable appears also in the matrix. It does not appear 

to be correlated significantly with sensations of stuffiness, thermal 

comfort at head height, or the observed forehead sweating, rhereae the 

mean variation of air velocity itself shows significant negative 

correlation with all three. However this could be explained either 

by the significant positive correlation of the measure with air velocity 

itself, or by the significant negative correlation of the measure with 

teaperatures In fact, when temperature, vapour pressure and the air 

velocity are held constant, the partial correlation of the mean 
variation of air velocity with sensations of stuf_iness is reduced 
from - 0.061 to - 0.016, which is not significant. The partial correla-

tion 'with observed forehead sweating is similarly reduced to non,. 

signifiaances Only in the case of the thermal sensation at head 
height, for which the influence of air velocity has been shown in 

Section 5.1. to be quite negligible, does the partial correlation 
coefficient of mean variation of air velocity, with te-apercture and 

vapour pressure hold. constant, remain significant with a value of 
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444051, Table 6. 3. 3. shows the regression equation obtained. All 

the coefficients are significant at the 0.05 level. Variation of air 

velocity accounted for less than 0.2;.) of the total variance. AC shown 

in Table 5. 1. 6., a doubling of the mean variation multi have less 

effect than a drop of1.11.0  in air temperature. 

4. Discussion.  

The measuredvariability corresponds to that of a 'badly ventilated 

room' in the data of Bedford and Warneri; they were unable to slice an 

effect of variability of air velocity in winter, when windows were 

commonly closed. It is thus not surprising that the occupants of 

operating theatres, withvexymuch less skin exposed, are only very 

slightly affected by the variability of the air velocity. The measured 

variability of 4 feet per minute is well below the threshold of 

perception calculated by Turner (1955) as a result of laboratory 

experiments on a single suNest, which was 1:10 feet per minute at 

40 feet per minute. Perception of chances ofair velocity within 

periods of less than a minute is a reasonable pre-requisite for 

sensations of freakiness to occur, and would explain the present nage-. 

tive findings. However, a significant effect eras demonstrated for 

thermal sensation at head height. A possible reason is that the 

increased variability of air velocity caused by turbulence is sufficient 

to disperse at least partially the 'streaming.  layer of convected, slow. 

moving warm air close to the skin. This could probably occur under 

conditions that did not permit direct perception of changes of air 

velocity. 
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Summary.  

The variability of the air velocity as measured by the mean 

variation accounted for more of the variation in subjective response 

than did the same auantity expressed as a fraction of the air velocity 

itself. Apparently significant nertive correlations with the sensa-

tion of stuffiness and with the observed forehead sweating were reduced 

to von-significant partial correlations when temperature, vapour pressure 

and air velocity were hold constant. Avery small effect on thermal 

sensation at head height could be demonstrated, and was in the expected 

direction. 

6, 4. The effect of temperature variations outside the theatre.  

1. Introduction. 

Althoui people working in operating theatres do so for several 

hours at once, and therefore have ample time to adjust Physiologically 

to the thermal conditions encountered outside the theatre might have 

some effect on their reactions. por example, a warm day outside might 

lead people to judge theatre temperatures Cool by comparison, or 

conversely might lead them to expect warmer theatre conditions and 

bias their judgement of the actual theatre temperature in this dime. 

tion. If this effect were of any amplitude, its direction would be of 

considerable interest in the question of Whether to provide cooling 

plant for operating theatres. Again, changes occasioned by swarm 

spells' of several vedkos duration are of interest. Seasonal changes, 

taking place in the course of several months, have been examined in 

Section 5. 1. and found to exist. The present sub-section examines 
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the effects of shorter duration variations in external temperature. 

2e Method. 

At some time during each session studied, the temperature of 

the rest area in the theatre suite was measured. If surgeons rested 

between operations in one room, and nurses in another, as was some-

times the case, the temperature of each room was recorded and related 

to the appropriate personal records. A measure of the outside 

temperature prior to each session was obtained, In the case of 

morning or 1111-40,7 sessions, this was usually taken from Meteorological 

Office readings for 09.00 on that day, Walla for afternoon sessions, a 

reading was taken frora a window of the suite at the start of the 

session. Thus the records of outside temperature represent for oach 

person the temperature experienced immediately before entering the 

theatre suite to change. 

In order to identify temperature srings of longer duration, 

meteorological records wore used to calculate for each session the 

mean 09.00 temperature aver the preceding oidatoen days. 
Complete records of these three variables were provided for 

2327 oases. Their olvlysis was necessarily carried out by the 

Z-oard method, but in all other respects is similar to that of 

Beetle:1 504 in that multiple regression analysis was used to 

relate theatre conditions and external conditions simultaneously to 

the thermal responses of subjects. 
3. Results. 

The dependent variables used in the multiple regression analyses 

were Tl, the thermal sensation at head height, P, the observed 
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forehead sweating;  an  St  the sensation of stuffiness. Sections 

5. 1. and 5. 2. deal with the main factors affecting those responses. 
Table 6. 4, 1. sots out the results of the present analyses, in 

which external temperatures were as free to enter the equation in 

the sequential procedure as were theatre variables. All the coefficients 

shown exceed trice their standard deviation. Comparison mcky be made 

with the corresponding equations obtained from the full data pack 

for theatre variables only; tiL,se are set out in Tables 5. 1. 3. 
and 5. 2. 1. 	air velocity cannot be shown to have a significant 

effect, but theatre air temperature, vapour pressure and the radiant 

excess temperature all enter before the external temperatures. The 

outside temperature con be seen to affect all three responses and the 

mean temperature to affect the two verbal responses, while the resting 

temperature had m significant effect at all. The addition of the 

external temperatures to the equations accounted for between 0.002 and 

0.005 of the total sun of squares. The effects are thue marginal, 

but they are significantly different from zero at the 0.05 level. 

Table 6. 4. le sets out the means and standard deviations of the 
external temperatures. Changes equal to twice the standard deviation 

are likely to occur quite frequently. In order to illustrate the 

tude of the affects, the change in theatre temperature necessanr 

to produce the came effect as a change of tro standard deviations in 

the external temperature can be calculated from the relative size of 

the regression coefficients. Thus a change from 420  to 640P. in 

outside temperature would produce the same effects on T1, P and S as 
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would increasing the theatre temperature by 240, 1.8°  erd  1.9°F. 

respectively. A change from 40° to 58°P. in the mean temperature for 

the preceding e4ateen days would produce the same effects on T1 end 

S as would decreasing the theatre temperature by 1.00  and 1.6°  =spec. 

4. Discussion,  

Comparison of the theatre temperature with that experienced, only 

minutes earlier while resting between operations evidently had no 

effect on subjective responses or forehead sweating. 

The outside temperature experienced a matter of hours earlier 

tended to influence both subjective response and observed forehead 

sweating. Higher outside tealperatures led to more complaints of heat 

and stuffiness in the theatre, and to increased forehed sweating. 

Changes in the outside temperature lasting several reeks did not 

affect forehead sweatiro but did affect subjective responses. Higher 

mean temperatures outside the theatre led to decreased complaints of heat 

and stuffiness, possibly due to habituation. It is interesting that 

when the time scale is again extended, to take account of the temperature 

variations over several months that are aseociated with the seasons of 

the year, the effect is reversed. (Section 5. 1. shored that complaints 

of heat were more frequent and forehead sweating more profuse in summer 

oven when the actual theatre temperature was held constant.) However, 

these effects of external temperature were always small and, of somewhat 

doubtful significance. 
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5. Summary.  

Temperature variations outside the theatre VW° shorn to have 

,only marginal effects on subjective responses and forehead sweating. 

Howover, marginally significant effects mare shown to exist, their 

direction dependent upon the time scale of the temperature variations 

outside the theatre. 

6. 5. The effect ofolothinq.  

1. jntroduction.' 

The Clothing torn by the mambers of a surgical team is highly 

etandardised Cotton shirt, trousers and gown for men, cotton dress 

and gown for women are always supplied, and nowadays are nearly always 

rem Nevertheless, some variation is possible in that an apron may 

be worn as well, anaesthetists may leave off their gown (or wear two), 

and extra items of clothiln may be worn beneath the standard theatre 

clothing. The present sub.section reports an attempt to discover 

whether variations in clothing had any measurable influence on the 

reactions of operating theatre staff to their environment. 

2. Method,, 

The clothing worn by each person questioned in the survey was 

deter: lined by observation and by interview, and written down. At a 

later stage this was reduced simply to a figure for the number Of 

layers of clothing worn and a figure taking the value 0 or 1 according 

to whether an apron was worn* This decoding was done by computer 

program, and the two measures included on the 2-card, which is why 

these results appear in Section 6. A number of sequential multiple 
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regression analyses were performed with response measures as the 

dependant variables and the two clothing measures as independent 

variables, free to enter the equations in the usual ray. 

3. Results. 

The mean nudber of layers of clothing was 2.3, and an apron 

was worn by 120 of the sample questioned. That women tended to wear 

more clothing and anaesthetists loss clothing was shown by the corrals.. 

tion coefficients of 0.599 and - 0.244 respectively* Both ware 

obtained from 2553 pairs, and are highly significant* 

studying thermal sensation and observed forehezd sweating, 

deviation from the predicted value was made the dependent variable. 

To significant offecte could be shown. However, the following equation 

uas obtained for the S..vote, the sensation of stuffiness, as discussed 

in Section 5. 2.s 
s-veto * 0.052.31 0. 	+ 0.068 TI  - 1.130 

where N a No. of 24yers of clothing. 

A 0 1 if apron worn, otherwise 0. 

111 Index Temperature at head heidat, as defined 

in Section 5. 1. and calculated from the 

equation in Table 5. 1. 9. 
The multiple correlation coefficient was 0.420, but the clothing 

variables accounted for only 0.6Z of - the varianoe. All three 

regression coefficients are highly sigificantly different from 

tore, exceeding three times their standard error. Each layer of 

clothing was thus equal to en increase of 04,750F. in terms of its 
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effect on the S-vote, whereas rearing an apron VMS associated witth  a 

reduced sensation of stuffiness equal to that produced by a. drop of 

1.75°P. in Ind= Temperature. 

In Section C the results of similar analyses of the objeAivel,y 

measured responses are given. It is shorn that clothing affected the 

uppormiarm sweat rate, but not tho forehead eveat.rate or the measured 

terk'perature. 

4. Discussion.  

It is perhaps surprising that clothing can be shown to have so 

little effect on thezmal sensations. However, clothing differences can 

be seen aS a means to decrease inter-individual variation in thermal 

preference. Those habitualky cold would wear more clothing, and vice 

versa. If carried out successful3g, this policy would result in 

variations ,of clothing cancelling out individual differences; neither 

would ,have ant apparent effect on thermal sensation. An approximation 

to this situation apparently exists, taking together the results of 

this section and those of Section 7, valor() inter-individual differences 

are shorn to be small in comparison with differences between occasions. 

However, two identifiable classes of individual are clearly failing 

to clothe themselves adequately; women do wear more clothes than men, 

but feel slightly cooler, as shown in Section 5. 1. Anaesthetists 

wear less clothing than other stc- ff categories and feel very much 

cooler. The implication is clear. 

5. suanary•  

Tho effects of variation in clothing are shown to be extremely 

small. It is suggested that clothing variations are being used 
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near-optimally to covensate for individual differences, pith the 

notable exception' of enaosthetists, rho roar lOss clothing and feel 

much cooler. 



215. 

Table 6. 1. 1. 	Correlation coefficients with noise levels and 
N-votol. 

Variable Base noise level 80% noise level 	1T-vote 

Index Temperature 0.234 0.223 DS 

Difficulty ns .o.078 MS 

Mistakes HS 0.056 ITS 

Complications ns rs 0.065 

Tension US .0.135 113 

Tempo 0.103 0.341 NS 

Base noise level 1.0 0.661 

AMMON,  

0.114 

80 noise level 0.661 1.0 0.141 

Elke 	All coefficients era based on 2221 pairs; 

values greater than 0.055 are thus significant 

at the 0.01 level. 
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Table 6. 2. 1. M.ivote and statues Chi-square for /ndpendence. 

Observed (Expected) Frequencies 

Sure Assistant 

Status category - 

Totals Scrdb.airse 	Anaesthetist 

O 446 490 504 432 2872 

11-vote (427) (471) (524) (448) 

149 166 226 192 773 

(160 (185) (206) (176) 

TOP 595 656 730 624 2605 

MEAN M.q0TE 0.251 0.255 0.310 0.308 0.282 

)(2(3) 10.43 (0.01 < P < 0.02) 
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Table 6. 2, 3 Correlation Matrix for Movement Lind. Occupanoz'  

Based on at least 1100 pairs (at least 2200 pairs when vInderlined), 

the coefficients are significant at the 0.01 level, except for those in 

brackets, which are significant at the 0.05 lavel4 

Entries and 1"1ts 

Entries and 
nits 

Movement 
Within 

No. in 
Theatre Mm.vote 0-Vete 

1 

MoVement within 0.377 1 

No. in theatre 0,107 0.153 1 

M-vote 0.092 VS 0.200 ' 	1 

0-vote NS 0.082 0.229 0.517 1 

Base noise level PS .4.0i144 VS (0.054) (0.052) 

8O 	nolise level 0.109  .0.137 , ' NS .0.0V, • 0.063 

N.vote 0.084 NS 0.119 0.3;4 ,0.283 
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Table 6. 2. 4. 	Reflression equation for the M.vote 

Regression sum 
of squares 

Xs:table  Coefficient 

Entries and Exits (per hour) 0.00066 0.0085 

surgAcai assistant (0 or 1) -0.085 0.0144 

Difficulty 	(0, 1 or 2) 0.043 0.0192 

Tempo 	(0, 1 or 2) 0.048 0.0225 

Temperature 	(°') 0.008 0.0249 

Air Velocity((felt per minute)`) 0.026 0.0294 

Constant .0.641 

Multiple Correlation Coefficient 0.171 

p (6, 1197) • 6.042 

All regression coefficients are Significant et the 0.05 level. 



Table 6. 2. 

Dependent varif7.bles (P P(P) ), the deviation of observed sweating 

from calculated sweating- see Section 5. It. 

Varit' 	Coefficient Regression sum 
of scuares 

Entries and Exits (per hour) -440025 0.0020 

Movements v ithiri (per hour) 0.0005 0.0040 

Tension 	(q,1, 2) 0.20 04104 

Difficulty (0, 1, 2) 0.05 0.0149 

Constant -0.1555 

MUltiple Correlation Coefficient 0.122 

F ( 4, 1199 ) 	4.538  

All coefficients are significant at the 0.05 level. 

220. 

( This result is also shown in Table 5. 1, 8.) 
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Tablo 6. 3. 2. Re cession equation for thormal sonsaticnA 
head hoir4ht.  

Dependant variable: Trvote 

Vg sable poefaciont Ro,,ITression sum 
of squares 

Tanperature, 0.116 0.2178 

Vapour pressure, mm•H,E,,. 0.083 0.2475 

!lean variation, air velocity, 
fpm. 4-0.023 0.2494 

Constant . -5.398 

ip lo Corm IDA ion Coefficient 0.499 

( 3, 1615)*178,9 



Vapour Pressure 
V • P. 

(Air velW ocit 
Nfl- 

0.256 

4.0.23.0 

3. 

.0.260 3. 

Mean variat ion, 
Var (v).0.306 0.219 0.517 

Vex (v)/v 0.112 fl .0.373 

S-vote 0.374 0.216 »0.073 

T rovot e 0.467 0.286 .0.141 

P 	observed. 
;eatinf.2) 0.243 0.200 .06013 

3. 

	

0.503 	1 

006061) NS 1 

	

-0.127 	!IS 0.600 

061) TS 0.239 0.352 

222. 
Table 6. 3. 1. Correlation Matrix for Variation of Air velocity.  

Based on 1619 pairs, correlation coefficients greater than 0.063 ere 

significant at the 0.01 level. Those groctor than 0.050 aro significant 

at the 0.05 level,. 

T 	v. P.  fibe  Var(v) Var(v)A1  S  
Temperature P 	3. 



223, 

Table 6. 4. 1;. 	The effect of temperature variations outside the theatre.  

Data from a sub-sample of 2327 cases. 

variable 	Mean 	SS ba. Coefficient of regression 
equations 

.T.3, P S 

T (Head) 0p. 	73.0 	4.1 0.122 0.037 0.057 

V.P. 	mm.E[g. 	10.2 	2.3 0.060 0.028 0.037 

Rad. Excess °rip 	5.9 	3.7 0.038 0.024 0.012 

T (Outside) °F. 	52.6 	11.0 0.011 0.003 0.005 

T (ems) °P. 	48,6 	849 -.0.007 . -0.005 

T (Rest) °P. 	71.4 	3.5 . 

Constant in regression equation -.6.293 -2.687 .01.295 

Unitiple Correlation Coefficient 0.516 0.331 0.420 

Proportion of variances 	due regression 0.266 0,109 0.176 

due external conditions ,0.005 0,002 0.003 



224 

. 	r 
..t-,.-  

T  Tri-Eli  4-.%. .0,„ --- .....--,. I 	- r. 	_ 	i.i. 	..,. 	t 	1 - 1= 	' I 
 I 

_ 1 
4 
' 

• 
' 

-1--.-• 
ELI 

I. 	• 	:1 
...' :1•••••-: 

•: :I rtrrt. 	Lt:-  
Lij  tiall 

1.1' 
OF.LidOISE' sti.tE-LUNITS--T-0::.--dB LSOUNIY-+-PRES8URN-e... 

:1::r:7. 

t; -,..r. 1 ." r.i.titFL= -I - -:; - 1=7f ii;:: ..4-4-••:i:.- 	
. 	

- 721:1, "- 	li:*-1:!“ 
... -1_ 

.- 	/ 
.1 il A.  t .• 

- 
027.:dite 	10M.-:: 

t 	-:I 	-.71,r."." 	1..:LL-2:1-1 
- 	OF 

1 
. 

_ 	1 
•-": 
• ' T 

, t: 
-MI-0110:3AMPERES 

rtt.. ...t!'"1 	.11:-_-1=--• 	_•• _ : : : 	- • 	• 	- - - 
.-I,ON: NOI5g , ./EgtER. • 1 • 	•-•-:- 1 

-*.:1 	: 	.: ±.:7:1- ! .0 -. I_IFFI .4t if.] '4 , 	.L1 t. ,,-2 	 • 0 ii:,-_ 

	

..-i--:,.49..,1 	' 	40 '•',T-li is - 	• qo 
71  I:4- - ,  • . . 	, ". I-, 1...,  1 TI 3 _ .. ..r,  --, i. - .1.; 	::I ..... . ...... ; 	''''''  I- I 	.1 

,- •TI t..--"1..-;.--- . 	1±111i...;.:.:.1" 1 I ,  . :.- 	- -I I'l . 	.__.! 
. 

, . i I ..,- 
1:_r_17 :1:11 • 

1   .4 
-. :r- 

- 
-u TT  • 1 

.-A I .... ..... F.:."-  - 

•-• T i+1 	',jj 	1111E - ' 11-112  ' r • I ; 4 T11- IL:, .. 
11 ':-.1 , T 

. 	. 

ii ' 	 
..1 

i -• 	1 1 - 
' 

T 
. ' 	I 

 ,. •• . _ t - 1. , • 
...... . 	. 
. 

•• 1 _"..u.-_:_•. 
. 
"--- ''''. I' T i . ' - . : I 

'' 	• 
. 

, ' r rrzt • - :-R.  1 	 ... - ::.1'-  t.: 4-77-1-11-1 7 Lj'I.-;  
+fit -  : 

. 
, b__ 	

... 

 Li-  .=:r t.1 *T . --. :- Trm  _.• . 	.. i ..... 	j 'it _:..1 +-1.14.91::-::  t;...._ -;7.;-r ,-I - .- 4 .7:-1_1 itri ,..0  
I 4 	I it.  i  ...1.-T 

___ 4 
• .-F-7• 4-4---, ..,,-.4".  jr: , --T TX; 

. 
:• 1 i 

	

1 	- 

	

? 	• , 	._,. 	.. : 	 
3  1 	• 

 	• 	I. 
-1 i 

i 	li I 7 
.... • •• . 	. ... 1 b r 9.  --' 1 T.,:t,  Fi. TT? t 

. 
• .. . 	: : 	......... 

I -a  l it U M .1 1  1..11 ikT' 
 

4Vi-T  ! 
7r  1 .......... 	i .... . ...... , 4 i ... 1-1-4-, :: 1  4_ 1 • 114-. ' t 

; 	- .... 
z :-: I  

ifi . 	
. 

. 4:1 .r;1,- lizi , 	 ,,- 1:: -.44:' 
1 ti4l-t  .-., iFili--,-. ••• ? :4 : i 1 --  l' n  ..-....-r-1 - -,:. . 

.. ,.:- -n-1., 
nil 

,...._ 7- A 
.- 

'Ti`11: 
'; ..-.0A.,_TIME.t.tt 	 

EX 
• ' 	' 	•-• ill' 

EDEDii.: 
T: ':I r_...- . •  fi ; 	_ it - t . ri'. 'OR= 20 {.:. 

4.-  	 i ,  	 '.1.1:11  -1 ,..4 • - 7 li • :-:-T 
r --rif rr I- - 7 -  1  1 	,'. T 

j -  	1 

: 
•. 1 ,... 

' 11  1 , I 
. . 

, 

I 1. 1---  _ir, • - -r•-.-- _r. • =-1 -- . . , . . - ...... 
1 

ri 1•: ... 1 	,.: it 1 
......  1-T-FF7; . 

i 	" 	I I-1 '• .1 
1.-: 

_ 
•-,-.T 

... ... 
:,-,.-.-=1.1 #  

t;.-:r 

I 	 
-I-- 

t  .4:  t 
......... 

17:•••••.,z4-.- ...-.1 , ..-t 

.- r  
1, r t T.  •.-.- III 

-I 
1- -I. I: - 

II . 1-  - .. : . 	 I 	'  - 
- 

f11 I  ir.r H:. - 	 ... ..... .:: .. _ 11 %  
i  t 	111,  

tiiL  i I 
..... 
t:: 	' 

...... • • 	• . 
, II 	1. t  • ..- 	9.-:# .t:z--  41. .m. 

. 	.  . 
- 

11-   	TT! .. 
,..., ..... • 

• I-  I 7.  Tr - --1. t 1,-- -a.... 

- I :: 	7:. 	1 	, --c4 ::;__. ..,_: ::,-... 4 • 
_, 

-• 1 
4 ., 

- - 
1:ii,IT ' -' 1 ' -1 - I '11-17 ' . 	- 	1 • • 1 ' 1-;• .7:1 

- ' 1 ' •.• • -I-. 14 :.--t ••• 
.41. 

• 
.. 

... • - - rt : IT 

-.- . ' Illl' : lIt4' -i-Iii ':,:.L:-I "II"-  7.:I. 1----. : 	.. 	I 	- 	- . 
. 	: 	• I 1-- 

flO 
+ 	1-. 
l'i: 	1.: '.4 

- - t :i 

- 

. 1 

. 

! r..-..-.....:: . -1_ _T2-1-  .- 

t • __ 4.- I 	" AN :-B1uSEFLE 

, ..... • •  t 	' i . - • • 

	

. 	t. 
• i 

-1 1 1 rtliti± ' 
11 ,;I:. t L: ----' T ! 1 

. 	• ... I - h :• 
; ........ 

	

i. 	 	f....:-„rivt:1::_3.--• 	 
1. 	.. I 	. :I 	I .. 	 2 -u-1.-IL 	 

1 	. 	' I 	• 1 	'  

. 
•• 	-- 

I 
. 	: 	::: 	I 

I 
. 

-, . : 	.1• 
* 

.., -- irr iiki I.....! 1 I ! . 	: 	.. 	, 	... i1.. 
	.:. 	.. 	... 	.. 
..... 	 ,-: .. 	. 	

... 
,...i 

.... 	: 
' I 	. 1  ; 	1.1  i• 	1  , I - ' 1 	..- - . ":1ANBITRARYkNOIS 

. 
.i5Cil.A.E.: UNITS,i 

• ... 	 .. 	 
-.Tqt/ - 1/ / 	., 

, 
ri 

, 
:: III ill ; 	„ riii, Ilifi:'.-1 	kilil!I 	II-47t 	:;:, 	':: . ' ... ' 	',I ].! 	;;1 1•; . 	... I  



225 
ms -,--•--e.-2.-,• - 	t VT; -1-r:;414-E; -±TrF1- 7.:1 	rt••;*. 	7 	.1 , 	. 	. ...t _ 	IM . t• 	ti 	L,-, :-:-..- • T 	I .--  
hj, .. '' AI"-;13.71h ii. PROBI-t. tit: rikii§t1.11611EVAr oiT:Nol 	. LEVELS{ .i:17 I - 1 • 

'ill 1.-T.1 -1 .n• r: , . 	 1 	. - "1-. 
1 	I 

. if r -1  

	

- t' 	I LT-- J._ - 	' : 	:i. _:.i 	.:.! 
 :.F.E . 	1 : ; 	I 	T '7 
•I '' 	"L" 	-  

I T : ' : 7:: 	. 

.f ' Fii• 7171. "1 .. 	 Re-greasxon:Elines _are -calculated and_ 	- 	:: a:I:lit:Bt.-tiff.: 	 - -,..• 	, 	. 
t-;;;; • • 11- 

I 	i 
" _.....•• Tp ••i J 4 17-4-r•;•• ' - 	:1:: 	''' -.• •  	! .. .. , .. . 

• !:: 	'' 

ROBIT _ 
. ifi i 	

.-,--_= 	i. 
.... 	• 	.- 	,  , :•  IL 1111 : 

L 1 	; 
F 

.t ILL: 
COMPLAIiiT.S 

.:±t'itili 

-11. =A-- 
- 

F.:434 1 
1 

. 	..... 	..., 
L _ 

± 
. 

- 

,• 	... 	• 
. 	-, . 	 6o

. 	 :: 	!-- . ._-  ::
. 
. ::r:  . :.::.:-.. 	 70dB 

• - 	:A:: . 1111 la 
-4 , . . . '..i., - ,, I .., • 4 .. . .. ..:. 	: 	. 	: 	. 

T 'I ITTT 71 ",
•I 	-_ . 	. 	, 	. . 	: : 	I.. 1,- p..1 1 1 	_1 ,.;:: 	• ' t:! 

,X - i•i• 7r1 :1 1 	-t .. - • .2 :.4.1.4: • 
I 	- .--r ' t I r_ t if 	 II :-.-' IIII ii } JiiE ...... 

.... 
1.1 

,TI I r '• . - f 444 :11:11-- _41, 7 ' - . -4 'LT: 	T 
.. 

1- ' : - . - T. .7-rg- iitl. i IIP- ftlItflft F. -. , _ -..,'-'_: ., 	.i..]... :.4., _I__ • , 
I= 

1111 I 4 J±:J±:1#: t; L -L. 	.1 i•:4 - •••r=••• I= 4--t.,. 
.. 
I 	-4 -4 tl 

.. 	  - 

! ,_I • .1 
1 - :7 

I 	• : • •i. (1-= - • 
A. 
,.,,4_7:".., _ 

. 
, L 

. 
1 	i • 

,. 	-- • ! . 
II .4.1- 

CI:111LIS 
'01; - .4 T . ":T" .•-- r = ..: -M1-1.1-- Tifro:ft .,.,,u. : rrrz . 7'2. 	 :-t• : t • : 

1 t •:1. T---; 1Z1:I g 1774;4 r . 4; ., 0:t.i : -, - 14 1 	' 1- - 	i ' :7-1 If ill T t 1 IL i 	1 
• • ..... , 

.... . . I. h F i 	•• T 
T.., - 

, •L=1: jr:11 	 7  
IMP;  14 

- : 	7 

MEND  - . i j " -_.  7.,,r. ,-..m 
_ 

• -- -11 1 ERNE' '4 u 1 II ._ -Ill -. 
:•4 

•.•11 .. ri '.-.1-F: 44-I 
ME  .: :-.= E n OISE I BVE

L'._. . _. 
.1- f 1 , 

- r . • 1- - 
1 J.J 	4- 4:4 - :_t • 1:1 1.,.77 ,-.- 

1.:. .4,t.-- 
1 

I 	• 1. 	i r--J: .:.; r. . 
--,- - ,z_T., 

LI 
.1 

44 -, 
• • 	1 1 1 ' ' 

1-1: 1. 1.77`.411, 
1. 1 r 

_::; , 	r - -7.Li ..,..i•..a• 1 t'-F-.14. - '-- ,9 .r.,- ?. ;;71-1•-•.-9 

rr: ff.: IL; • • -. 

. 	: 	: 	: 	: 	: 	: r 	• - i _ 
. 

!..•,:.2:::  .. -,17, 
. .... ,. - 1 

4i 
-__:.1_1_ _:: . .:: .. - ••_:. 7-77 

MT :.1-: 
1 i 	.. 	- 	. i . , _ VET:, i-EkCEEDED riia:_k0F, 10Eio_iri: .1 

r•-: 

- 

1 

... 

-- 

I IT 4- -. -. i• . 

' I. 	1 	: 

..... i.! 

144 7---j" 

. 
 	I 1 

_z_.L 

-   ... 

. 	....... 
1 

i ...... 
L. - , 	 .- 

I 

1.1 

: 

1 : 

t. 
 .. , . --• .. 	. 	, 	. •-• 	" 

« 

rr
~

j 

... 
.--.- ' 	 - • - 	• • 

	 _LE 

 

_ 
. 	. 

1 	• , :.3., 
, 

- 1 

1 	I 

._... 

	

. 	• 	....... . 	.  .. 	 : ..... ..1 - -T I t 
- ....... 1 MU-- ' 

1. 
.... 	. 	.... . 

-1. 

.. .1 

1 

r 

 

qtr 

17:11- 

i 	-. 

-1 

- . •L__ 1 iir;I:=t , 	• t-1 -- .. 	, 	.. 	..... 	 : 

- 	•1 • • • • --1,:, 4:- 
. 

.L71 	: : : :  	. .. 	.... ...•11 T-1. . 	' 	 

• 7. 	•' i 	-•- 1-• 

	

"T. 	 ; ' •.--• 
, : - . I 1-; 1 t17'1: :•• 	4 	• I 

1- 

tom #- 

717 1 .::: 	i 	: 	• 	- 	: _ 
..... . _ 

71 . 
. 

- - 	;. -121:11. • 't 
.. .. 	.. 

tre. 
TY.--•7:' • .- I 

...... : • 1 	i 	. 	i _ 
v-•. 	1 ..  ; : 	I; 

..... 

. 	. 	.. : 	::; • FrT ,  
. 	. 
•-•:z. / 

UT .'1. 

... 

4: 	i 

• t: 

.. 	. 	. . 	...... I 
. 	. 

t 	::: 	:: , 

r _ : 	: 	: ;j}: , , 	 1 
1 	-1- ..- 14 it; : ..... 	.. 

1 - 
-1-t• - 

,I 4-t r .. i 	. 1 
ARBIT Y• 

i 
NOISE 

1 
:SCALE 'UNITS... 

 ..,::,: 1 .. _ 
. 
I 	l• 	1 	' 	i 	i. 	.. 	. 

;It: i 111 I: 
1 

k111 
• 	 

iiii u•-::7:1Hji - ::1,-.Et liti 44 	 „_.,..,,,' 	i.i.j...: 	iiii 	;•: ..i. ',Hi iii. 	:11.1• 



226 
. t t • . L.. ... 	__•. 

• 
:_:_. 	' TT--.. IL 

it7  -' • 
' 

1 	 71 
.-- 

T 
	 . '' 

FGRA PH .1 v._- 17. ' • I 	1 
TE :v 	ENTRIES ilit EXITS 

• I :• 	 - 
RFFHeit-M,  

.. 
'-' 

• 1 

.11i:I. 	• 
asedozi7120" 

• :.:::.::.:: 
i'epl-ies-TTiiim=8; I--  staff  ;-ca.te cries. . ..... 

• 
.... _ 

'74:-=1U. . • 1 • - 1 
- 

. , 
_ 

.. .... 
_ 	

., 	. 

41,.. 
• 1 . .  

.... 	. 	.. . _. 

17-  II :Ii: -Ti i-il ii:-: 
I '7! 13 . 

-Ire-  • -:7 -4t...:7=: it_tii----.7.:1-.. 'ffl  I JEJU-  ..-- 

t -Itti 1[111'1 : -,1: -I. 	— -:• TM _ . / 	1  : . i. .•.71.1 	-34-1 i . 	• 17:: 

d 
	' .. • 	• I . 	i,:n . 

1 . r• 1 .. :1 
 .1. 	 -. .1 	' • i T : 

. 	- Ooiidtr..i.movEmE 
- -)-: tAflff ' 	 ,  ' tibizt( 0 % OMIAIlTS F 

- • 1 . .... I 	.... ..... !Ti . 	..... . .... 

• 4 

I  r ' 	. 	

i• . 1 . '• 	. 

' " 

	

i 		 

i 	.. ! . 	• 	I 

" 

.. 	• • .. 

: .1 
• 

:::; 
-"T.'  

.i...: 
-. 

. 1 ..... 

:-:4- ' 	1. 
;.-1  : • .. : 1 

I: 	' 	I. 	: 	1 	 1 Lt.11.1 	i-1 

111 • • • 1- 
= 	.. • 	 T i 	. : 

. 	 - 	 - . 	.. 
r, . . ' -:•-i-F--:-- 	 

1 
I 

' 
I. •-•:,A-# z•r4:-;-:sa • '74 

	
1-* --::=1 	 --•-"- •-'-' '--: - -Ir  i r r I 

.. T -----t 
t
- .... _ 1fjtf 7:4 - 4-- 

ti• • -t.,,,tur.--1. 
r r• : 

:-. - t — :-• - 7.,--, 11.. •-i• I , .... t: 1 : 17-  -. - 

r . 
1 t - t_ ..... 

119 I-1- Trt: 7.  1 
I'kill • 

-,-Uki1L 	 L T  . 	: 
	 7 4 + 

. .... 
... :t -•:. 117041  5,71, its 

_,-r. 
.---4 . 	- p.  , 

...I.I.m4.-11-"F4 1:•Afilte4.-7. Tii" • i Eldnel..1-47 
;4 -tr. :.. r: i - 4 

1 	• Hi i-- 	.- + 
I. 

I 1 171 :1  :4. i 	,, • .1"  .t 17-iiI•ri • Tt  Ig 
• 
- 4 W.  P L 

gird -1-,  II _'J r• : : -rl:  ,... 
:44  1:. t 	" I 1=4ri L1 .... 	u 1 1=7 

  
.t 1.,. 1 	.1.  ill :1 ' - rt 

''F:17.   - 1 	I 6 • . 	r 1: . 
- 	.. 

....... 
1:•. -- 

i .-..m ,, ..„..1.1 . 	... . .. 

!lig:-
-  • 71 

iii _., _ . _i . 	• . - 
_ II • ..t., : 	: 	- 

.1-"-  
17 _. 	.... 

• TI t 
i I _r_. 

I   
	

.:. , - 
:1 -1  I. 

ti - 
- n , . . ....-.-::: .. 

. 

• .. .... .r - .4 " ....... 
X :7 ....... • '-'• 

.T. 

SI 

..-.... . =LI lif f  
• : 4 - .- 

sri -----------
......... ... , 

• • 

• - 	' 	- - — • __ • 

4 ir ç 4i  	 • • 
I.-• 	_:_i. 

• . 	•••!T 	 ... _  
t-iti 

...:1 11•:: „•. -1 
.1  

. t 	" 'II 7 :::tt71 - 	• 
• 

•3_ 
-t • t-LI. .-- .• 	- 1 . 	t• _t 

tr.,-; •-• . :L...7?-4 - t --- 
..7.•-:r•-_-_-1 

. ... 	. 	•,,, • 1 „., 
T. .. I 1 	1: 	- - I t• -.1 

• - .  
_, 

. 
! 

...I, 
: 	l'77 '• 

. 	.. - 

IT I. 	1 ,i• 	• ..... 	...  ..  
F. ........ ... 

..... 	., .!.-:-. ii t ., L_. 
• •• 	• . 

. 	. . 	.. 	.... 1 ., 
• .... 

. 
• - 	•• . . 	J.- ..... .-. ._ . :.1..... — 

„ 	 ... 

:•4 1-Flifil • ' 
: 	:i.: 	. 

, 	- 
... 

• 
t•,...:: :: 	. 	, 

" I 
.. i 	1 

V 	 ., 	,' 

- 
I  

. 	. 	, 	. 	 
• 1100 

	

.... 	I.... 

•••.: 	,:: 	.. 	::- 
iiii. ... 	• 	1 .. :.. 

.: 
. 	. 

: . i 200 . " 	. 

i 
I  . 't 

•:.::::300 
. 

, 	i 

' It ..• .• .. . . 	ENTRIES: & EXITS TER: HOUR ...11 
1, . t 1. I. 	::::.;• 	i. 	1 	1 ri .4 ,1 	: 	. 

7--... . 
!1;!;•••• 	 •-• 



227 

	

j.-11TH : 	4-1--  ;-.-1 tr . t.:::. 	-- 	; 	L.,. t: 	. -,+.1 	. 	, 
_ 

• 
t 

- 
11 
.4 

' 
--, I I  

-; 
- 

1 
0 	PHI 

. 	• 
2 

I- 
OLVOTE • Ar . •No•.•,,PEOitt_IN.•11TREATRE 	 

:=.1- 	. 
4 	-: • • • I -,- -  ; 	. 	: r. 

- 	 r 
"' ..,. 

'i 

4.  
, 
-194-. 

• - 	• 
-..- 

. 	 Based 

.1 • 
on 1210 7 p 

• 
s• 

. 
fiora 

:.-1 
all sta. :.Categories. 

 	r 	r• . I 
. 

! 	....... 
I I- 

.. 	. 
. 	. .._ 	. •.i1+ 11  

• . :4 .:-:-p,- .1 	___ • =IA:: 
ri 1 'di li.... - I. •, 	1 I iT....1 T 	,r1-  .._ 	- .-t 1.: • 
_ •I 	- ti..•:..• • , . - _ ..... 	T., • ....1.:1-:-- .... 

	

,. 	.... 

	

. 	: 	.... 11.--, 	. _.r. ..1 

...... 
. ....... ... 	.. 	. • .- • . - _ Z1:1- - - „. ,.. 1::: 

. 	1-14.-  : PRdBlt -  OF dimpLibili&A5ri OVERCRO'NDING-. . 1 

-._=I 	'w -F. I; 	 • ....... • 
....  
-• 

, 
.1 	 -.4)-• 

yam+ 
 i 	L _i 

. 	. 
1...-. 	, .............. 	 Pl• .1...: .  . ---1 , 1:.-'..- ' 	I • • ...... 

.. 	_. 

... 	_. 1 24;4 LI, Tilk .. i  ... 	•••• .............. . • ..... :::::::: i i 
, - 1 ..1 .h.r: -7-i- . L - - - • - 

-IT 
•  	• 

_,..t. 
4.-.: 	 1 -H71,' 1;- " - .1...rn - 1TL 

 it 1-P, liff :',7r ' 
t 

1 	1 I 
• 

r--  
4-7. 
:1 ,1 

 
it 	- . 	r: FT' I!. '1[1 

- 
A 

, r::  2  : 

lik6-4 
'-:. 11  

I ii 
'r .-  III. 2::  . 	.:::-:::11 '....•7-.:.,. 

'.1 I 11  MEE 1: .r r-t-- '  	- rt- ....• - 	 
i , 

1--R 	 

.....g.-{-1 _r: 	
 	- 

1 Fltifinill _ It!. 1: , E. 	 L:41.1.  : 	:11.11.:-: tiz. 	.1.-, ..._ 	,-- 
- - 	' - - ; i.--rt-..,. L IS ti, • -LI ITU _-_,,j2.1 Tull, Tit, 	 . .4 .. ' ... • ;:r: _ 

LH 4 Un-  , - i•F 	•:. z •  .1;4 F.4 ' 	' rr. SE = Z ... 	•  7  ir  gill 1 
t• -I-- ,.., ..7:-.1. LIT:  - •• 	i --- 

11:1-: 
_ 

•• 
4-  

•-t 
1 ' , I-: illiallEal•ir 4 Inliti 1-1 -'r : 	'i 1:1 

-r 	
	 -.Lit 

17 r rg- .il, 7! -T-T. .:. t ;  1 -:-I '-: 	' 1- T  4 1111 - .1  .1711I 	 i MI: 1 ix: 
_ : . 

1 17.,  trt 7-.1- 1 t. .9IT• 	 n. 	.144  4-  . 	r • - - 

_ 
41 1-. " 7-:=7.  

• :=.7 1: ' -4 77:1:\.i• -.---It- . . .- • - 1-. :.t:-._ 

• I I =i  
' - 4 ... 	• ' _t 

.../L.  4: :Tr' ,17. I. 	1  ,..t i 	7. 11 • t  „ It: I 

	

V14 	 

	

I 	' 
I 

1:I 
-7-b-r: 

1+:1• 
• 
.1:: ',111 

..-1- 

i.: " _ 
-1 	1•:. 
LT:if_14. 

i=.1 . 	rr  . 	. ,... 	,--: 1 . 
..-,_ 
. - 1.,-, 1 7.1  . I 

, 	t 	.-• ' 	, HEE  ...._.. - 	fi , 	. 
I. 

4. 

_ _4,:  al, I 11'111 ' • il _ 
. 

-a:: 
. 1- • '4 --, 

---.- -:-1.-. ::./... :: 
. - 

.r- 
TE- •- .t..,.. r. ;:-.2-x . 	.._.. :1k  -- '1_-,-,  :: 

-- , .. 
-- .., -.I 11 

•= _ 1 
., 

. . _ .... . 	... • I ''• 	' 	; 1. 
 -=1.7, 

r:1_ 

I  
--411 
	
•- . 

- 	 I-. - . •  ; i 
. 	' 	I .:,7A .11"- i t:-.4 	,. 

I I.4.4.:; 	; -L:-  .-11"-. -::::-L.-1::,1:-:-:: 11 4  -- ..4, tr-,r • •:ii 
- 

1.1,,i. gi. 	 -lux-  --, t , 1. , 	• , 7 
 	• , . .. .:_ 7. iu 1.: 

i -1_ ••,--,•- 4-- 
71: 1 

. . , 1 .1 • 

- 	.... - -. 1 	.: . 
. • 

- .7:1 
l'-'17-: -9 	1 	 I 

1 	.. 	.. 	:.-: . - • 	• -171:11.: ;r.: . :.:-. ....... 
• :'11  t 	• . 	_,__ 

. -:-- -• 	--... . 
"_ ..j., 
=1:1 

. 
- ..

is 
.....- :1r .. 	r... . 1. ... 	

r 1- 4 	. 

,. 	_ t 1 . 711  1-. 	 1 .• i I 1.1 	' ...:1 
- • _ . . 42,.1. I - . 	1 . 	: 	: 	: 	: 	: 	: • .. 

. • • 	I  ---r- 
., . 

1 I- 
.- 

r - '" trrr 

1 	 
!it 71:-..--ii  '..1,-1 :41 - 

__... 	. ..  I . 1-.4 FT  I Li_ , 

• . 	- fin N-L7  -ri - • -1 	r 
-J 5 	 4

1  
.. 	.... 

. 
' 

.... 

.... • . "-. .... • 
I 	. 

. 	. I  	t • .... • 
- 

I i 

. . i I 	_ un  ,. 	. 	, 	t  
;.-. 1 . 	iiirlITZT:..iiiii; .,.. 	. 	, 	. 

;id 	iiii 
NUAIHER,10E-iPEOPIi.E.,:IN:"TFEBATRE....(:EVEN.LIFLONLY.LiBRIEFLY:: ) .. 	,,,..,. 	.. 	, 	. 	. 

li: 	. 	li 	14rIlii: 	..... - 	I  ..... 	I r. 	", ...  1'  1 .. 



.228. 

SECTION 	7. 

INDIVITATAL l3 DICES 
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1. Intieduction.  . 

In the foregoing sections of this thesis, the basic unit has 

been the resLonse obtained from a particular person on a particular 

occasion. No attempt has been made to relate to each other the 

responses obtained at a particular hospital, or during a particular 

session, though in the latter case they have all been related to the 

same cession details. Similarly, no attempt has been made to relate 

to each other all the responses obtained from a particular person on 

different occasions, though they have naturally been related to the 

came personal de„ails. Reasons for this approach have boon given in 

Section 3. The resulting regression equations have not accounted for 

more than 33r, of the variance, oven when all the measured variables 

were considered. 

It maned possible that the residual varirtion might contain a 

component attributable to consistent inter.individual differences, 

Governed by factors not susceptible to the available methods of measure-

ment. Sex, age, race and build have all been shown to have significant 

effects, though small in magnitude, Sorg subtle physiological or even 

psychological differences could conceivably lead to consistently biased 

responses. If these wore of appreciable magnitude, they could render the 

calculated variability unduly pessimistic when applied to successive 

occasions for the same people. It vas therefore decided to examine the 

consistency of individuals' responses. 

2. nthod. 

The practice of questioning subjects at roughly two-hour 
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together pith the' t1,3 repeat visits to each operating suite, resulted 

in 632 of the total of 1094 subjects being questioned morn than once. 

Prom the 267 subjects questioned trice to the five rho were questioned 

ton times, they cave in all 2092 units for analysis. In order to 

eliminate the variations due to thermal factors, the predicted response 

for thermal comfort at head height, 	was gener:ted for each unit, 

using the equation shown in Table 5. 1. 9. This actuation was used in 

the calculation of predicted response in Section 6. It involves tempera-

ture, vapour pressure and radiant excess temperature measurements, and 

contains an adjustment to the constant for anaesthetiste. The 

multiple correlation coefficient on the Lull body of data, from nhich 

it was derived, was ©.516■ 

Por each unit, the deviation of the actual Ti response from the 

predicted resronse was obtained. Per each person, the mean of this 

quantity was derived, and also the sum of squares of deviations about 

the mean. This procedure amounts to a partition of the deviation 

about the regression into components due to that might be called 

personal bias and to residual variation respectively. Per all 2092 

units, the total sum of squares of deviations about the various personal 

means was obtcined, together with the total sum of squares of the 

actual T1 responses and the total sum of squares due to the regression. 

Those calculations make possible the partition of variance. 

Personal details such as sex, age, race, build and laciest were 

correlated with the figure for mean personal bias for each person in 

an attempt to discover the origin of such bias if it should prove 

significant. Similarly, personal details were corrOatedllath the 
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calculated variance about each personal mean, based on differing 

degrees of freedom, 

3. Results,  

The partition of variance obtained by the above methods is shorn 

in Table 7,10 The regression is of course highly significant, as 

has boon shorn in Section 5. 1, The '-test for personal bins, or 
individual differences, is made against the residual, and is slgp4fi. 

cant beyond the 0,001 level, Borever, the root mean square between 

individuals is only 102 times the residual root mean square, and 

the proportion of variance absorbs,, by the regression for repeated 

observations on the same individual only rises from 27$ to 38l,  

(714/(714 + 1148), corresponding to a correlation coefficient of 

0.62. 

Table 7. 2, dhows the correlation coefficients obtained, together 
with their level of significance. The remanider rere not significant, 

4. Discussion.  

Reference to Table 5. 1. 5. shows that multiple regression analysis 
involving all measured variables identified only thermal variables, 

age and status as having significant effects on the T1-vote. Vo more 

than 	of the variance could be attributed to the regression, 

Individual differences other than those measured thus appear to 

account for a further 12$ of the variance, leaving 62$ of the 

variance attributable to residual variation between occ.asions. Thus 

even repeated experiment on the same individuals could not greatly 

increase the reliability of the predicted responses. The choice of a 

personm.occasion ea the basic unit for the main analysis is thus 
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justified. The results can be taken to apply to any randomly selected 

team, with the proviso that in certain cases the variability between 

occasions will be marginally less than the variability between persons. 

Davis et al. (1965) have reported correlation coefficients of 

0.9 and above for r,peated measurements on single individuals, but 

the thermal conditions and especially the activity of their subjects 

were very highly standardised. A great deal of the variation between 

occasions in the present survey can surely be attributed to differences 

between the work performed on different occasions. Although atteapts 

were made to measure these differences in terms of the nominal diffi-

culty of operctions, the tempo of work and the tension in the theatre, 

the complications encountered and the mistakes made (see Table 5. 1. 8.), 
such variables are very difficult to quantity azd only marginally 

significant results were obtained. The true situation is one of 

complex interaction between personal abilities, experience and 

attitudes on the one hand, End degrees of technical difficulty and 

of risk too subtle to measure on the other. 

The marginally significant correlation coefficients obtained in 

Table 7. 2. show that taller people tended to complain less of heat than 
shorter people. This effect is probably included in the effect of build 

in Table 5. 1. 5, but could not be shown to be significant there. They 
show also that older people were more consistent in their resnonses, and 

scrub-nurses were les:, consistent. These findings are in accord with 

subjective impressions at the time. 
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Summary*  

Individual diforences have boom shown to have a significant 

effect on thermal response at head height. Bowever, in the theatre 

situation, varic,tion betveen people vas very much loss than the 

variation between occasions for the sane person. This result is 

contrary to some recently reported findings for sedentary office uork. 
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Table, 7. 1. The siGnificanco of individual differences. 

Dependant variables 	T 1, 

Source of Variation 

thermal response at head height 

Sum of 	Do roes of 	Moan 
Squares 	Freedom 	Square F 

Regression 714 4 178.5 184.7 
Deviation about Regression 

pomponents of the above 

2018 2087 0.97 

deviations 

Between persons 870 631 1.38 1.75 
Residual 1348 3456 0.79 

Total 2732 2091 

   

Betas F (631,1456 ) = 1.23 at the 0.001 love/ 

Table 7. 2. Correlations with personal bias and variabil  
Based on 632 pairs 

yariable 1 	Variable  2 	Correlation 
Coefficient  

Height 	Moan personal deviation 
from predicted Trvote 	.• 0.091 	< 0.05 

Ago 	Variance about above mean 	- 0.103 	0.01 

Scrub-nurse 	Variance about above mean 	0.094 	0.05 
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OBJECTIVE ntsvmans OF Trmpowsp,  
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1. Introduction.  

The results reported in this thesis rely extensively on subjective 

estimates by the subject of his own sensations, and on subjective 

estimates by the observer of forehead sweating, In order to support 

the validity of these estimates, a limited /umber of objective measure.• 

vents of response were desirable. These had to remain subsidiary to 

the main investimtion., and to be carried out within the existing 

framework of data collection. As this was one of brief encounters with 

large numbers of subjects, it Tis, 13 not ideal for the collection of 

objective physiological data. However, the reasons given in Section 3 

were sufficient to justify the method adopted. 

A number of physioloj.c0.1 Measures were considered for a limited 

investigation to be carried out concurrently with the main survey of 

therual sensation, among them pulse rate, body taaperatu.re, total fluid 

loss, skin temperature and local sweat rate, As derk,iled in Section 1, 

the work of Robinson, Turrell and Gerking (1945) indicated that the 
pulse rate end body temperature of subjects would rot increase signifi-

cantly until the air temperature reached 820P, re -:Artless of the 

relative humidity. The figures in Ta'..33.0 5. 1. 1. indicate that this 

temperature was reached. on less than 1$ of occasions in the present 

survey« In addition, continuous recording would have been necessary 

to Qthiove a sufficient sensitivity of measurement, and it was consi-

dered that this would involve en unacceptable interference with the 

freedom of movement of surgeons in the present survey. Similarly, 

the meas.lrement of total fluid loss was considered impracticable in 
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the present survey. It would have involved transporting a heavY, 

sensitive weighing machine, those accuracy would suffer as a result, and 

the process of being reiLhe'd naked before and after an operation would 

have been unacceptable to most surgeons performing routine work in their 

own hospitals. Measurment of skin temperature and local sweat rate 

presented fewer practical difficulties. Houghton and Cook (1939) 

found that the observed forehead sweating was a sensitive index of 

thermal conditions in an operating theatre; preliminary results from 

the present survey supported the inference that quantitative measurement 

of forehead sweet rates would be vorthvfale. Kuno (1934) showed that 

although both forehead and trunk sweating were influenced by thermal 

stress, the forehead sweat rate responded much more to emotional stimuli. 

A comparison of the two was considered desirable in the present case. 

Skin temperature has been shown by many workers to be a sensitive 

index of thermal conditions, though Bedford.(1964) shaved that it was 

no more closely related to thermal sensation than was air temperature. 

It wns decided to obtain measures of the skin temperature and local 

sweat rate of surgeons and their assistants during the final year of 

data collection. 

2. Method.  

In order to obtain a meaningful measure of the skin temperature 

produced by thermal conditions during an operation, it was necessary 

to take a reading immediete3y the operation finiehed and before the 

subject left the theatre. Only the skin of the forehead and the back 

of the neck is exposed by surgical clothing, and the forehead wee found 

to be nearly always damp with sweat. Thus the dry skin available for 
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measurement of skin temperature for the present purpose was effectively 

that between the collar of the Gown and the hair line. An alternative 

would have been to fix sensing elements to the skin beneath the 

clothes, and bring out leads to permit imediate measuremant. This 

was considered to involve unacceptcble interference with the surgeons' 

routine before en operations  then time is usuaUy rather short. Using 

a thermistor-in-glass probe and a battery-powered bridge circuit for 

measurement of the resistance, the dial calibrated direct%7 

Fahrenheit degrees, it vas found to be possible to obtain a reliable 

leading of skin temperature on the back of the neck in. under ten 

seconds. The tip of the probe was stroked slovly over the skin 

surface, using insufficient pressure to indent the skin or to cc' e 
any heating of the tip by friction. The instrument is manufactured 

corm ortial4 as the Devendetherm' clinical thermometer. The version 

used had two ranges, covering temperatures from 70.1100F. 

Measure-acute of local sweat rate on the forehead end on a control 

site beneath the clothes were required. For the latter, the inside 

of the upzor arm was chosen as being representative of trunk sweat 

rates and readily accessible; the shirts worn in operating theatres 

have short sleeves, and the measuring device could be fixed 3ust 

prior to an operation, before the sterile goon was put on, and 

removed immediately after an operation, when the corm. was removed' 

A sugAstion by Professor Weiner led to the development of lichtoi. 

weight absorptive pads about 2.5 cm. in diameter. A dist of filter 

paper 18 mm. in diameter vas hold lightly af;atust the skin surface 
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by means of a foam rubber disc only slightly larger, secured by a thin 

elaetic strap round theupper arm or round the head. The assembly was 

held together by means of a. central metal rivet, drawn slightly' into 

the foam rubber in order to allow the filter paper to press against 

the skin. Email central area of skin about 4 mm. in diameter ("A 

of the total aree) was thus not in contact with the filter paper; 

the effective area in contact vas then 3.75 cm.2  An assembly is shown 

in Fig. O. 1. These, less the e'estic strap, were prepared and placed 

in moisture-ti;; ht weighing bottles, numbered and weighed to the nearest 

tenth of a milligram. They re-e transported in a sealed plastic box, 

and returned to it after -use. They were re-reigned on the same 

balance et the conclusion of a visit, usually about four days after 

the initial reigning. The voidling bottles in a box were treated 

as a batch and the accuracy of measurement was controlled by =-

weighing also the unused bottles. Only changes in rei It significantly 

different at the 0.05 level from the mean change in weight of the 

unuse6 bottles in the batch were recorded as being other than sore. 

This led to dhanges of up to 5 mg. being rejected on occasion. Discs 

were exposed for widely different lengths of time, from half an hour 

to tvo hours or more, depending on the operations performed. Only 

surgeons and their assistants took part as subjects, and in the 108 

measureaents of forehead sweat rate obtained, only three of them were 

from women. It was not always possible to obtain the readings, duo to 

pressure of work or to operations that were too short. Rather fewer 

readings of arm sweat rate wore obtained, as the discs could become 
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dislodged by the clothing, or the opportunity to fix the disc before 

the subject had put on his gown could be missed. Forehead discs could 

be fitted to a fully gowned and gloved subject without breach of 

sterile procedure. There were no cases of these discs become dislodged 

duringen,: operation and surgeons did not find them umoomforteble to 

wear. 

Skin temerature measurements were not made if the subject had 

left the theatre, as skin temperature can respond very quickly to 

changes of ambient temperature, and a further source of variation could 

have been introduced. For this reason, only 74 measurements of skin 

temperature were obtained. 

3. Results.  

Special suanazy cards were prepared for each person-occasion, 

bearing the three readings obtained by the above methods end all 

relevant data es for the subjective responses. In order to cope with 

missing data, the cards were arranged into sub-samples which could be 

grouped to give input packs with no missing data for each of the three 

indEprelent variables. A different multiple regression program, BMD.03.14, 

was used, enabling the selection of sub-samples to be made as appropriate. 

Table 8. 1. shows some of the correlation coefficients obtained in the 

preliminary stages of the regression calculations. Th47 are significantly 

different from zero at the 0.01 level unless in parentheses, when they 

are significant et the 0.05 level. Tests of significance were made using 
the exact formula given by Fisher (1958), and students' t distribution. 

It can, be soon that skin temperature was mueh more closely related 

to thermal conditions and to thermal sensation than were sweat rates. 
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Observed forehead sweating vas loss well correlated with measured 

forehead sweating than one might have expected. ,Reasons for this 

aro given in the discussion. The direction of the status effect was 

such that assistants tended to have lower arm sweat rates than did 

surgeons. However, as in the main analysis, all the independent 

variables vex,: highly inter-correlated, and multiple regression analysio 

is required.  

Tables 8. 2, . 8. 4. give the results of the three analyses. 

All regression coefficients listed are significantly different from 

zero at the 0.05 level. The level of significance of the regression 

sum of squares is given in the last line of each table. Column 3. 

gives the nature of the variable and the units of measurement; Column 

2 gives the mean value obtained in the sample; Column 3 gives the 

partial correlation coefficient of each variable with the dependant 

variable, all other indenendant variables in the equation being head 

constant; Column 4 gives the regression coefficients in the derived 

equation; Column 5 gives the proportion o± variance attributable to 

the reGressioil at each step in the sequential procedure. Although in 

the program used the variables were added to the equation in the order 

s_ocified by the user, inspection of the partial correlation coefficients 

indicates that this was not markedly different from the loGical order 

used in the main analysis, in which at eadh step the variable added 

was the one making the Greatest reduction in the residual sum of squares. 

Table 8. 2. shows that an inereLse in Effective Temperature of 

about 4°P. was necessLry to =educe the came forehead sweat rate in 
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assistants as in surgeons. The multiple correlation coefficient was 

0.331, Table 8. 3. chars that the difference in ara sweat rate between 

eurgeons and assistants vas equivalent to a change of about 7.40P, 

Effective Temperature, and that successive layers of clothing compensa-

ted for decreases in Effective Temperature of about 60F. The multiple 

correlation ceefEiciont was 0.461. 
Table 3.4. shows that age, not status, rts associated with 

differences in skin temperature. The partial correlation coefficient 

of status and skin temperature with ago hold constant ras not signifi-

cant, whereas with status held constant the effect of age vas aignifi.. 

cant. An ago increase of nine years appears to be associated with a 

decrease of 0.450F. in skin temperature; the same change could be 

caused by a decrease of 10F. in Effective Temperature. At a given 

Effective Temperature, skin temperatures were between 2 and 3°F. 
higher in the spring and euamer months. Mistakes in procedure, as 

defined in Section 30  were associated with a. significant decrease in 

skin temperature, eeuivalent to a decrease of about 30F. in ambient 

Effective Temperature. The multiple correlation coefficient was 

0.732. 

4. Discussion.  
It is disappointing that no more than 111 of the variance of fore-

head sweat rate could be attributed to the regression. However, the 

fact that this measure Vas unaffected by clothing and that the mean 

vike twenty times as great as the mean arm sreat rate indicates that 

forehead sreet4ncras mediated to a mach greater extent by emotional 
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otimali. Variation of Effective Temper:ture accounted for about 

n o of the variance of both measures of sweat rate. As sugeoted in 

Section 7 in connection with differences in thermal sensation between 

individuals and between occasions, the greater part of the vcriction 

mot be caused by interactions betAsen personal abilities and mperience 

on the one hand and levels of technical difficulty and of risk on the 

other. The fact thet surgeons tended to sweat more than their assis. 

tante is an indication that the cause was related to responsibility for 

tho operation, but no attempt could be made to me:sure personal abilities 

and experience, and only tentative attempts to measure levels of diffi-

culty. 

The correlation coefficient between measured and observed forehead 

sweating was 0.479. The 'actual forehead sweat rate undoubtedly varies 

throudiout an exposure, particularly if, as seems to be the case, it 

is mediated by emotional stimuli as well as thermal. The measured 

sweat rate is a time...average of this variation, whereas the observed 

sweating is a spot check, usually at the and of an operation. Further. 

more, the sweat absorbed on a disc and measured is the total sweat 

=educed and is unaffected by the rate of evaporation, whereas the 

observed sweating is a measure of the sweat =aiming =evaporated on 

the skin surface. In view of these differences the agreement is satits. 

factory. 

The mean sweat rates on both forehead and arm are rather low. 

Even though sweating is most profJso on the forehead, the mean forehead 

sweat rate is only about 2573 of the physiological limit of 15.5 mgmicm2ihr. 
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given by ligfstedt (1966) as an aVeraEe over the whole body surface 

area. 

The skin tarn =tura measnred on the back of the neck sea= to be 

a useful index of thermal conditions. Effectiveremperature alone 

ecounted for 30.7% of'the 'variance, corresponding to a correlation 

coofficient of 0.55. In all, 61$ of the variation of skin temperature 

was attributable to the measured factors, approaching the values found 

by 1U-rd (193D) for observations on singl individuals. Evidently 

WTIlea tared °notional factors influence 874n twaperature very much less 

then they influence rates of &mating. The moan skin tempercture of 

08.6°1'. `for a mean Effective Temper„ture of 69.301. (corresponding to 

a moon air tenperature of about 730E0 agrees exactly with the mean 

skin temperatareen fhe hand, 88.501,,, found by Bedford (1964) at this 

air tetlperture. rurthermore, the regression coefficient between air 

tennerature and hand skin temperature found by this author was 0.46, 

in almost exact agreement rith the present finding; of 0.45 for the back 

of the neck. The esin temperature on the forehead and on the foot were 

found to vary quite differently with air tempercturt in Bedford's survey 

of &out 2000 clothed persons. 

Bedford found a correlation coefficient of 0.36 between hand skin 

temperature and therms' sensation. The present finding of 0.483 for the 

correlation between back of the neck akin temperature end thermal sensation 

et head height is a considerable improvement, siGnificant beyond the 

0.001 level. The improvement may be due in part to the more etzndardised 

clothing worn in operating theatres, and partly to the difference between 
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thermal response at head height and the overall response used by 

Bedford. Reference to Table 5. 1. 3. shows that the back of the neck 

shin temperature vas a slightly but not significantly better predictor 

of thermal sensation than was air tellper,ture alone, but was slightly 

and significantly verse than vas the regression in all thermal variables. 

Thus, as Bedford concluded, the thermal sensation of an individual can 

be better estimated from a knowledge of the 'warmth of the room than 

from his skin tenperature. 

The effects on skin temperature of season of the yer and of the 

occurrency of mistakes exactly parallel the effects of these 'factors 

on thermal sensation, set out in Tables 5. 1. 5. and 5. 1. 8., supporting 

the validity of these findings. At a given air temperature, subjects 

felt hotter in spring and summer, and their skin temperature vas in 

fact higher. then mistakes occurred, subjects felt colder and their 

skin teaperature vas lover. This is a striking demonstration of the 

relevance of subjective reports of sensation to real physiological 

changes, but no (=Planation of the mechanism causing these particular 

changes can be given from the results of the present investigation. 

5. Summary. 

In a limited investif,tion carried out concurrently with the main 

survey of thermal sensation, quantitative measurements were made of 

forehead sveat rate, upper arm sweat rate and of the skin temperature 
on the back of the neck. These measures of response tore found to 

parallel those of thermal sensation. It vas shown that sweating in 

opercting theatres is almost entirely confined to the forehead and is 
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Fig. 8.1. 	The sweat disc assembly described in the text. 
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Table 8. 1. 	Correlation Coefficients. 

Back of Neck 
Skin Teap. , 

Veridble 	Forehead 
Rate Sweat 

Response 

Upper Ara 
Swat:A Rate 

Effective Temperature 
Head) 0.273 (0.278) 0.554 

Ind= Temperature ( 	) 0.268 (0.278) 0.549 
Air Temperature (Head)(0.242) (0.234) 0.552 

Thermal 	Head, T1  (0.219) LZ 0.483 
Serration Body, T2  (0.224) RS 0.402 

Sensation of Stuffiness, S. RS vs (0.245) 
Sensation of Humidity, E. VS NS 0.418 

Observed Forehead Sweating, 
P. 0.479 (0,0234) 

Status (Surgeon/Assistant) NB (-0.232) NS 

Layers of Clothing NS 0.313 NB 

Nurdber of pairs 108 79 74 

Correlation coefficients shorn are significant at the 0401 (0.05) level. 
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Table 8, 2. Reression equation for  Forehead Sue:It Rate  

Variable 	Sample 	Partial Corr. Regression 
Coefficient 

RSQ at 
each Mean 	Coefficient 

Pordhcad sweat Rate, mojanV 

s. 

hour' 	3,94 lir air 

Effective Temperature'  OF., 
(HesAl) 	69.0 	4.298 0.7 0.074 

Status (0. or 1) 	0.45 	.0.194 —3.1 0.209 

Constant in regression equation *43405 

MUltiple Correlation Coefficient 0.331 

P ( 2,105 ) 	 6.44 

Level of Significance 	0.01 



Table 8. 3, , R atiesE,Ion Egyation for U.pper Ara St ert Rate.  

249. 

yariablo 

Arm Svzoat Rate, 

Sample 	Partial Corr. 	Regression RSQ at 
Mean Coefficient Coefficient each. 

sten  

m2,/ 
hour 0.20 	_ 

Effective Temperature E. 
(Head) 68,7 0.259 . 0.042 , 0.078 

Status (o or 1) 0.44 -0.299 -0.310 , 0.258 

Layers of clothing 2.35 0.255. ' 0.253 	- 0.213 

Constant in Regression equation 3.140 
Multiple Correlation Coefficient 0.461  

P ( 3, 75 ) 6.75 

Level of significance 	0.001 
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Table 8.4. Itsession Equation for Back of Neck skin temnernture.  

amble 	Sample 	Partial Corr. 	Regression 	RSQ at 
Me 	Coefficient 	Coefficient 	each 

,,step , 

Skin temporLturel  or, 

Effective Tappercture, 

88.6 via 

oF (Head) 69.3 0.672 0.45 0.307 

Spring (0 or 1) 0.11 0:522 3.11 0.441 

Summer (0 or 1) 0.19 0,449 2.01 0,533 

mistche (o or 1) 0.09 -0.254 -1,45 0.579 

Age (Toars above 25) /6 -0.272 .0.05 0.610 

Constant in Regression equation 57.38  

Multiple Correlation Coefficient 0.782 

F ( 5, 68 ) 21.55 

Level of significance 0.001 
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MEASURELIFM OF MAMA L SKILL.  
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1. introduction 

Other sections of this thesis have shown that conditions in 

operating theatres frequently cause complaints, and can also cause 

measurable changes in the sweat rates and skin temperatures of those 

working in them. It mad be of groat interest to know if performance 

is also affected, since this is arguably a more important criterion. 

However, there are grave difficulties in the way of any investigation 

of surgical performance, firstly in identifying the parameters of such 

a complc skill, and secondly in measuring them. The organisation of 

knowledge and mnporience in formulating the innumerable judgments and 

decisions of surgery probably constitutes the greater part of a surgeon's 

skill, and accounts for most of the mental load. A r000nt review by 

Tang (1965) dhows that no effect .of thermal stress on mental perfor-

mance has aver boon shown below 31"c. =active Temperature, for a 

four hour exposure. This level of thermal stress, corresomding to 

over 950.14 ambient temperature with 60;10 relative humidity, was not 

approached in the present survey, but the tasks reviewed by Vrte: were 

all very much less complex and difficult than surgery, and it is still 

possible that loner levels of thermal stress could affect adversely this 

aspect of the surgical task. However, it was not considered possible 

to measure mental load in the present survey. In the interests of the 

patient, secondary task techniques were ruled out, and almost any con. 

ceivable technique would also have interfered unacceptably with the 

primary task of eurgery. 

A. high degree of perceptual-motor skill is also demanded by the . 
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surgical task. It vas considered that the physical fatigue of operating 

mi6ht cause this aspect of surgical skill to deteriorate, and that 

thermal stress mi t e .so the deterioration to be more marked. Since 

it was not possible to measure peremtual-motor skill during actual 

operations, it was decided to obtain measures before and after opera. 

tione. FOX the reasons sot out in Section 1, a pursuit meter task was 

chosen. The present section sets out the results obtained by this 

method. 

This pert of the investigation was subsidiary to the survey of 

the al sensation., and was carried out within the fr:morork of brief 

visits to operating suites. For this reason, it ras not always possible 

to test the some subject on successive days, or to control the thermal 

conditions. The investigation can only be considered a pilot study, 

but the results are of sonic interest. 

2. Method.  
The a:paratus was constructed by Dr. O.S. Lidwell. The design 

vas based on the pursuit meter used by Pepler (1953, 1960), with a 

number of modifications to simulate more closely the task of surGery, 

an improvement in the method of producing a variable track, amd a more 

flexible method of scoxing,performanco. Pig. 9. 1. shows a general 

view of the apparatus. Tice target was a diffuse shadow about 5 am, 

long aml 2 Ora. wide, with a bright line in the centre about 2 am. vide; 

it was projected from below onto &mixed glass, and moved on ann.= 

about 20 cm. long with, a radius of 30 cm. The Ground glass vas evenly 

illuminated from below with a rather dim red lint and was surrounded by 

a screen an shown. The immediate surround was green. 'With the apparatus 
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on a table, subjects stood while attempting to follow the target with 

a pointer similar to a scalpel, mounted on an am of 30 cm. radius like 

the target. The 'blade' could be held within 2 mm. of the ground glass 

surface to reduce parallax. 

The target moved with a velocity averaging about 40 cm./sec., and 

reversed its direction on average about twice per second. This 

irregular osculation es produced by tro cams of irregular shape, 

both linked mechanically to the arm bearing the target, but rotating 

at slightly difierent speeds. The resulting movement repeated only 

after 29 minutes end could not be learnt by the subjects, since their 

trials were only oftraminutes duration. 

A. brush Contact on the target arm moved over a sectored contact 

plate linked to the arm bearing the following pointer and controlled 

by the subject. When the following pointer was over the target, 

electrical contact was made with the centre sector. There were three 

other sectors on each side, linked in pairs so that a given discrepancy 

on either side of the target closed the same electrical circuit. These 

four circuits were linked via a multicore cable to the control unit 

mounted in the carrying case. A synchronous motor locked onto the 

mains electric supply frequency drove a commutator generating short 

pulses at 100 m. sec. intervals, aril four relay counters connected to 

the sector plate circuits thus registered the time for which an error 

of alignment vas maintained. A time delay switch enabled the counting 

unit to 1:e ran for a preset time during a continuous trial. 

During each visit to an operating suite, the apparatus vas sot up 
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on a trolley or a table close to the theetre, where it usually 

attrz:oted considerable interet from the surgical teams Surgeons 

and their assistants who agreed to take port in trials (there eras no 

case of a refusal to do so) were asked to hoop the pointer continuously 

on the target for two minutes. After about ten seconds of practicer  

the counting unit rao run for 50 seconds, the counters read and reset, 

and the counting unit ran ain for a further 50 seconds. This took 

about two minutes in all. 

It vas intended to collect data from subjects in two groups, 

group one meeting the trial for the first time before operating and 

again titer operating* group taro meeting the trial for the first time 

after operating and agin the net day before operating. With the 

further conditions that the operations should be quite long ones, and 

that a range of tempercture conditions should be studied, only nine 

subjects in each group were tested in the course of about six months. 

A further ten performed the first trial as group twos  but did not 

perform the second trial. 

3. Results.  

Anumber of measures of performance were tested; the time spent 

on target, a weighted error score, and the occurrence of large errors. 

Since they all shoved the same trends, it was decided to use time on 

target, the most ummbiguous measure. This was expressed as a fraction 

of the sample period, ullich though nominally 50 seconds, in fact varied 

slightly about this figure. A more ac,Airate measure of the. sample 

period was provided by the total score on all four counters, in units 

of 100 msec. The time.fraction on target varied between 0.35 and 0.65; 
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the difficulty of the task had been arranged to ensure that performance 

would remain in this central range in order to maximise the sensitivity 

of the measure, after Poulton (1965). 

Graph 9. 1. shows the group mean scores for each successive semi-

trial, each group consisting of nine subjects. Performance on semi-

trials 1 end 3 appears to be constant within each group, but the 

scores for semi-trials 2 and 4 appear to be sensitive to conditions; 

subjects in both groups performed better after operating than before. 

In order to test the significance of this rather unexpected result, 

Table 9. 1. sets out a non-parametric test of the difference for each 

individual subject. The level of measurement is assumed to be 'ordered 

metric' (Siegel 1956) for a Wilcoxon matched-pairs signed-ranks test, 

but no assumption about the under lying distribution of values is 

necessary. The probability of the result obtained, under the Null 

Hypothesis of no difference before and after operating, is 0.0236 for 

a two-tail test, so the existence and direction of the effect is cone  

firmed at this level of significance. 

A further group of ten subjects tested after operating gave group 

mean stores for semi-trials 1 and 2 that mere very close to those of 

group 2, showing the same tendency to improve within the two-minute 

trial. 

Air temperatures during the operations considered ranged from 

62°  84°  F., with a mean of 73°  f, Too subjects from group one 

had experienced temperatures over 80°, and four had experienced 

temperatures below 72°. The same was true of group two. An attempt 

was made to show an effect of temperature between the 'hoe group of 

four subjects and the 'cold' group of eight subjects; the 
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trend was agan..nunexpe(,ted, in that within.trial improvement tended 

to be grecter after a 'hot' session all! before a 'cool' one. This 

tendency was not significant (P * 0.071 az calculated by Fishers 

exact probability test, Siegel 1956). The mean exposure tine was 

over *hours. 

4. Discussion.  

t/olford, Brown and Gabb (1950) have reported a persistent effect 

of initial condition in a field experiment, and this effort is well 

illustrated by the results of sell--trials 1 and 5. Teichner and 

Behrkamp (1954) obtained negatively accelerated learning curves for 

their pursuit rotor task, using time on target as the score. Ueither 

group 1 nor group 2 show a tendency to approximate to this result. 

Evidently the anticipation of a major operation was sufficient to 

cause a marked deorwent both in trial performance iAnd in within-trial 

learning. Possibly to head the list of operations for the day is not 

as desirable as it is commonly supposed to be. At least under the 

conditions studied, surgeons appeared to improve their manual performance 

after taking part in an operation. 

An alternative =planation that must be mentioned is that the 

anticipation of a major operation might have decreased the motivation 

of subjects to co.oporate in irrelevant scientific research. The 

extremely short trial period required and the author's subjective 

impressions at the time of subjects' willingness to co.operate, tend 

strongly to rule out this explanation, but it remains a possibility. 

It is difficult to think of a field study that does not suffer from 



258. 
this or some related disadvantage. 

5. Summary.  

Ina short experiment the manual skill of surgeons and their 

assistants vas measured on a modified pursuit meter. Half of them 

first performed the test before operating and subsequently after 

operatine, the remainder in the reverse order. Pergormsni_e was shorn 

to be significantly better after operating than before opercting. 

No effect of thermal stress could be sham. 
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Table 9. 1. Purmlit meter scores before anti  after an o 	tinr session. 

Wilcoxon matched-pairs signed-ranks test for significance  

Subject 0n-.tar, t time-fraction 

1 
2 
3 
4 
5 
6 

Before 
Operating 

After 
Operating 

d 

-77 
-40 
.70 
-.55 
2 

-32 

Rani: of 
d 

Rank vith less 
frequent sins. 

440 
398 
402 
446 
444 
300 

517 
.438 
472 
501 
442 
332 

.27 

.12 

.16 

.15 
1 

.11 
1 

7 451 400 51 14 14 
8 522 528 . 6 . 2.5 
19 
0 

28  
5 
5
18 

556 
506 

. 28 
12 

- 
4.5 4.5 

11 582 595 .13 . 6 
12 386 417 ..31 .20 

13 298 541 .1.243 -.38 
14 321 363 .. 42 .13 
15 635 623 12 4.5 4.5 
16 490 471 19 7 7 
17 415 409 6 2.5 2.5 
18 445 469 -VI . 8 

T 	33.5 
The probability of this result under the Null Hypothesis is given by 

P. 0.0236 for a t7e-tail test. 

Subjects thus performed significantly better after operating than before 

opercting, 

Notes SUbjects 1-9 acre tested in the order before-after, subjects 

10-18 in the reverse order. The scores ere for the final 50 secs. of 

a. continuous tno.minnte trial. The decimal point has been omitted for 

e 



Fig. 9.1. View of pursuit meter assembly. 
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1. Introduction. 

A. strong case can be made for dispensing with windows in 

open: ing theatres now that oper.ting lamps can be relied upon to 

give adequate illumination of the surgical task. The result would be 

to increase the flexibility of layout in operating suites, and to 

reduce the dependence of the thermal environment in operating theatres 

upon the external weather conditions. Since the chief reason for 

retaining windows is the strong stated preference of surgeons and 

opercting theatre staffs  it would be of interest to know whether a 

change of attitude occurs when windowless theatres have been experienced. 

This section reports the result of an investigation of this point. 

2. Method. 

A number of modern operating theatres without windows =re 

included in the present survey. Occupants interviewed for the thermal 

survey were also asked whether they preferred daylight in operating 

theatres, and their answers were recorded as "yes', "indifferent' or 

'prefer no daylight'. The same question was asked of a somewhat smaller 

control group in conventional operating theatres with windows. Alraost 

all of the control group had had no experience of working in theatres 

without windows, whereas almost all of the former group had had experience 

of vorkin,:; both with and without daylight in operating theatres. 

Readings of lighting levels were ttken in all the theatres, using 

an ordinary incident light meter in a horizontal plane at table height. 

'Task' illumination was measured in the spot of the operating lamp, 

with all lights as for an operation; 'local' illumination in the 

gable  Once, but with the operating leap switched off. 'Background, 
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illumination was measured at the periphery of the room, in the best 

lit place, and 'daylight' ilbrnirotion in the same place with all 

1r,mps off, These roadings rem intended only as a rough guide as to 

rhother other aspects of the theatre Lijitin&- were having an influence 

on the preference for daylight*  

3. Results.  
Table 10* 1. shore the correlation matri% for all four lighting 

levels and the rt...vote (preference for daylight)„ reduced for this 

purpose to 'Prefer daylight' or not. Because of missing data, the 

numbers on which the correlation coefficients are based are slidatly 

less than the =eller nunber of observations involved. Correlation 

coefficients given are significant at the 0.01 level, (ncept for those 

in parentheses rhich are aiglificant at the 0.05 level* 

The high correlation between background and daylight levels 

indicates the high proportion of operating theatres that are 

predominantly daylit, mhile the very small correlation coefficients 

betrre. iz tack illumination and other measures indicate that task 

illuaination is now practically independent of the general illumination 

of the theatre. Preference for daylight can be seen to be indepondant 

of task and local illumination, rhile variations in backexonm and 

daylight levels of illumination account for lees than 0.87, of the 

variation in preference. Clearly the operative factor in any change 

of atAtude to daylight is not the resulting level of illumination, but .  

rather o 0 subjective assesslent of setisfactoriness. A common reason, 

given especially by anaestletists„ is that colour, judgelents of skin 

tone are more difficult to make in theatres rithout daylight. 
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Table ID. 2. sets out the responses obtained from each of four 

status categories (sur,eons, assistants, scrub-nurses and ameethetists) 

when working in theatres that either had some daylight or no daylight 

at all. The data is in the form of frequency tables, each with one 

dimension for working illumination and the other for stated preference. 

Both dimensions are measured only at a nominal iovell  thus avoiding all 

assumptions about the properties of either scale; the only requirement 

is that the categories are discriminable (Siegel 1956). In order to 

test for the existence of en effect of working illumination on stated 

preference, the appropriate test is then the nonparametric chi-square 

test for independence (Fisher 1958). Expected frequencies are calculated 

from the marginal totals and tabulated in parentheses, giving six 

components of chi-square on two degrees of freedom. Values of chi-

square on taro degrees of freedom that are greater than 13.8 are signi 

ficant at the 0.001 level. 

results were obtained for surgeons, scrub-nurses and 

anaesthetists; examination shows that the change of preference associated 

with working in the absence of daylight it in each case towardc acceptance. 

However, as many as yyr, still stated a preference for daylight. 

Table 10.3 sets out the same results in a different form in order 

to exa.ine the differences between the lighting preferences of the four 

status cateGories. Frequency tables are Given for each conditiance 

working illumination, the two dimensions of each table being in this 

case status category and stated preference. Expected frequencies 

calculated from the marginal totals are again tabulated in parentheses; 
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in this case there are twelve components of chi-square on six degrees 

of freedom. Values of chi square on six degrees of freedom that aro 

greater than 22.5 ere significant at the 0.001 level. Differences of 

stated preference obtained from those workirc with some daylight are 

not significant et the 0.05 level. Differences of stated preference.  

obtained from those workinz with no daylight are highly significant, 

beyond the 0.001 level; exaTlination shown that surgeons and scrub... 

rnrses tended to accept the absence of daylight more than did assistants 

and anaesthetists. 

A, further caloulatien, not set out in tabular,form, showed that the 

differences between the stated preference of surgeons and anaesthetists 

working without daylight cave a value of chi-square on two degrees of 

freedom that was eignificant at the 0.005 level (X2(2) 4. 11.4), whereas 

the differences for those vorkingTrith some daylight were not significant 

even at the 0.10 level (3K 2(2) so 3.3 VS.) Thais the significant value 

of chi-square obtained from Table 10.3.B. is not soles, dependent on the 

difference of assistants from the rest. 

In all, though 7Z of the group working with some daylight stated 

that they preferred daylight in operating theatres, only 0 of those 

working without daylight stated that they would have preferred to work 

with some daylight. 

4. Discussion. 

The objection can be raised that the windowless theatres examined 

were mo. t1y modern ones, and that this could have led to acceptance on 

other grounds. However, subjects were specifically asked about their 



267. 

attitude to daylight, and any biasing factors present would be 

operLtive also in the real siturtion of adjusting to anew windowless 

theatre. There seams little doubt that a measure of acceptance had 

been achieved, The reservations of assistcnt3 and particularly of 

anaesthetists are serir:ls, and require serious consideration in the 

planning of future theatres. The considerable cdvanees being made 

in the colour quality of available lamps may go some way to removing 

than, but this is beyond the scope of the present inveetigcition. 

5. Sumnarx.  

The emperience of working in windowless operating theatres has 

been shorn to alter significantly the atatudes of surgeons, scrub. 

nurses and anaesthetists; from overwhelming prefereme for daylight 

in operating theatres they moved to a position where at least half of 

those questioned =pressed no such preference. Assistants did not 

change their attitude, and anaesthetists were significantly less 

reconciled to the absence of dayli5lt than were surgeons. 
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Table 3/). 1. porroletion Matrix for li.r4iting levels and D.vote.  

Task lose]. 23.11s13 Davlirtat A-vote Numbers 

DOC 	3. 2532 

Iacsl 	0.069 1 2512 

BackG-rovmd0*068 0.652 1 2489 

Daylidit (0.045).  06637 0.983 1 2489 

3)..vote 	• VS NS (0.087) (0.081) 1 512 

112Les Those values aro significant at the 0.01 (0.05) 

level. For explanation of torus see text., 
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Table 10. 2* Ipiditing nreference  in relation to riOrking  

Observed (F2pected) Prequency for each status category 

A. Surgeons.  

Workinglumination 

Tots No DayLiOtt Some 3)73-Mat 

Stet ed Dayli8ht 	29 	(39.2) 30 	(19.8) 59 
Preferences InaIfferent 36 (30.5) 10 (15.5) 46 

NO bAylidit 22 (17.3) 4 ( 8.7) 26 

Totals 	87 44 131 

X 2(2) 	2 	14.6 P < 0.001 ) 

B. Assistants.  

NO,  

Working Illumination 

Totals DayliBriat Some Dq71Uht 

Stated Dewlielt 50 	(53.9) 29 	(25.1) 79 

Preferences Indifferent 43 (38.3) 13 (17.7) 56 

, Ito Daylijit • 6 ( 6.8) 4 ( 3.2) 10 

Totals 99 46 345 

X. 2(2) 	3.1  11B 0.10c-p)) 
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Tale 10. 2. (Continued)  

C. Scrub.Nurses  

N0 

Sorkin, Illuminatior 

Totals Daylifilt Some Da7lidlt 

Stated DNYlight 47 	(56.6) 23 (13.4) 70 

Preferences Indifferent 29 ° (24.2) 1 ( 5.8) 30 

No DAylight 29 "(24.2) 1 ( 5.8) 30 

Totals 105 25 130 

(2) it 18,3 	(P <0.001 ) 

D. Anaesth ists._ 

Vorking I1 mirk tiox 

NO Daylifiht 	Some Dr,ylight 	Totals 

Stated 	Daylidat 	45 (54.3) 	31 (21.7) 	76 

Preferences Indifferent 	38 (29.3) 	3 (11.7) 	41 • 
No Daylight 	7 ( 6.4) 	2 ( 2.6) 	9 

Totals 
	90 	36  ' 	126 

x 2(2) 	144 (P < 0.001) 
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Table 10. 3. Differences in lipptiapi preference between status Cate-pries  

Observed (Expected) PreQuency tables for trio,  lidhting conditions. 

A, Vorking with some dailipht.  

Status Catenary  

Surosons Assistants  Scrub- Anaesthetists  12111.2. 
Nurses 

Stated 	Daylight 

Preferences 

30 
(32.9) 

29 
(34.4) 

23 
(W.7) 

31  
(27.0) 

113 

Indifferent 10 13. 1  3 	, 27 
( 7.9) ( " 2) ( 4.5) (6..4) 

No Doylidht 4 4 1 2 
( 3.2) ( 3.4) 1,8) (2.6) 

Totals 44 46 25 36 151 

)(2(6) 
	11.4 	( 0605 < P ) 

Porking with no dalrlight  
Status Category 

Stated 

Preference: 

Daylight 

Indifferent 

Surgeons Assistants Scrub- 
VUrses 

Anaesthetists Totals 
. 

29 	50 
(39.1) 	(44i4) 

36 	43 
(33.3) 	(37.9) 

45 
(40.4) 

38 
(34.5) 

171 

146 

47 
(47.2) 

29 
(40.3) 

No Daylight 22 	6. 	29 	7 	64 
(14.6) 	(16.7) 	(17.6) 	(15.1) 

Totals 	87 	99 	105 	90 . 	381 

X 2(2) 
	30.6 	( P < 0.001) 
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The work reported in this thesis represents an attempt to study 

fairly comprehensively the working environment of surgeons and operating 

theatre staff. Although the emphasis was placed primarily upon thermal 

conditions and the physiological measures that were dependent upon 

them, a large number of other factors were considered, The nDrk 

therefore fell naturalkv into a number of separate sections; a 

detailed discussion of the results and a summary of the conclusions 

has been given within each section. Further detailed discussion would 

be inappropriate. In this section a brief summary of the thesis as a 

whole will be given. 

In troing the origins of the study of the thermal environment, 

a fundamental distinction was drarnbetween measures of stress aril  

measures of strain, By considering the literature, the important 

parameters of thermal stress were identified. Various measures of 

strain were discussed. It yes shown that subjective reports of dis-

comfort were no more arbitrary than any other index of strain, and that 

under most working conditions they could be the most sensitive and 

useful index. J large number of other factors likely to influence 

subjective reports were considered. Measures of skin temperature and 

of local sweat rate were proposed to support the validity of the 

subjective responses. A method of measuring manual performance was 

proposed. 

In order to justify the method used to obtain subjective responses, 

the results of several surveys that had used similar methods Were 

recalculated and quantitatively compared by the method of probit 
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analysis. It was shorn that the assumptions underlying the analysis 

of the thermal questionnaire results were fully justified. sone 

general conclusions could be drawn, concerning particularly the 

distribution of thermal comfort responses about the optimums 

A full account of the methods used in the present survey was 

given. Reasons were set out for the choice of a scheme involving 

brief visits to many operating suites, and interviews with over a 

thousand subjects, rather than an intensive study of a small group of 

subjects. This choice is fundament' to the survey, and upon it 

rests the validity of any generalisAion from the experimental 

results. Some details of the rather speo-talised instrumentation 

were given, though a fuller account lies been published elsewheres 

(Lidwel1 and Vyon 1968). The method of documentation was given in 

some detail; it is perhaps of some intereet in that it formed the 

frameworkZr the survey, and allowed a very large amount of data 

acquired over the tro years of the survey to be processed consistently 

right through to the analysis by computer programs 

Methods of analysis were discussed and validated by reference to 

preliminary sorting of the date. At this stage it was decided to use 

the vapour pressure of water as a variable instead of relative humidity 

Some special techniques of analysis were introduced, including the 

deviation of predicted responses and of a mean thermal response cew 

binik; questionnaire responses relevant to different areas of the 

body. !n index of observed sweating was shown to be useful as a 

measure of thermal strain. Sequential multiple regression analysis 



275. 

was proposed as the main statistical technique for processing the 

large number of inter..correlated variables. 

Using thermal questionnaire results and observed sweating as 

dependent variables, regression equations in the main thermal parameters 

were derived. Thaush more successful than ary other index of thermal 

stress, the equations accounted for at most pr., of the variation of 

response. Other factors sienificartly affecting these responses were 

identified, but no more than 33 of the variation of response could be 

attributed to the more extensive equations.. A flow method of setting 

out response distribution vas sumested. It was shown that the air 

temperature in operating theatres should not rise above 64.3°F. with 

5pg. relative humidity, air velocity of 25 feet per minute and the 

normal amount of thermal radiation, if no more than one surgeon in 

twenty is to be uncomfortably hot. This temperature would be considered 

too cold by the majority of aneesthetiets. It was shown that disagreement 

between surgeons end anaesthetists as to the Optimum temperature is 

alnost universal, and it was su&ested that this may be the root cause 

of p 	complaints of overheating in operating theatres. Paradoxically, 

complaints of excessive heat could be eliminated in many cases were the 

anaesthetist to wear more clothin3. These and related conclusions have 

been published elsewhere. (yon, Tidwell and Williams, 1968) 

Responses relating to 'stuffiness', air velocity and humidity were 

found to be largely mediated by the air tem:erature. The variation of 

air velocity was found to be very small in operatirg theatres, and to 

have a negligibly email effect on thermal response:. Temperature varia-

tions outside the operating theatre 70re found to have but small effects, 



276. 

equivalent to changes of only 1F.° in air temeercture rithin the 

operating theatre. Variations in clothing vier() found to have a 

very seal' effect. It vas see e ted that clothing was being used 

neareoptimaily to cancel out individual differences, rhieh were 

also found to be small. Differences between occasions for the same 

person were shoento be almost as great as differences between 

parsons, a finding that justifies the use of several responses from 

the same person within the curvey. 

Complaints of noise were shopn. to be related to actual noise 

in theatre, not merely to a general feeling of tension. Though the 

measurements were solerhat crude, it was suggested that fewer then 

ono person in tventyrould complain 6 noise if the noise level 

remained. below 42 dB. for most of the time. Complaints of excessive 

movement in the operating theatre were shown to be duo to exits and 

entries rather than to movement within the theatre. Unexpectedly 

hieh rates of movement in and out of the theatres mere recorded, and 

there vas some evidence to su.n est that thc9y tended to increase 

strain, 

Cuentitative measures of local sweat rate were made on a limited 

number of subjecte. They were found to epWrallel the subjective 

reports of discomfort. Sweating craw shown to be almost entire4r 

confined to the forehead. The shin temperature on the back of the 

neck was found to parallel hand skin temperature in another survey, 

and to be as closely rusted to subjective response as was the air 

temperature. 
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In a pilot study of a method of measuring manual &All, in Which-

a small sample of surgeons and their assistants took part, no effects 

of temperature could be Shorn. Performance tended to be better after 

operating than before. 

Attitudes to windowless operating theatres were investigated. 

A significant. Change of attitude towards acceptance was demonstrated 

in those who were actually vorking in such theatres. Anaesthetists 

were less inclined to accept the absence of daylight. 
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