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ABSTRACT

A reviev of the literature, including quantitotive re-evaluation
of published results, indicated thot an examinmation of tho working
enviromment provided by opersting theatres should rely primarily upon
subjective responses, and that such responses should be obtained f£rom a
lorce number of different subjects under sctual working conditions in
order to increase the volidity of the findingsse TFor practical purposes,
neasurenments of physiocloglical renctions and of performance were reduced
o o secondary, confirmatory roles |

Accordingly, visite werc made to ovor thirty operating sﬁites in
the British Isles, repmsenting & vide range of designs and conditionse
Each suite wos visited three times at cpprovimately four month intervels,
and observations vere made during an average of five helfwday vworking
segsions on each occasion. TUsing specicl instrumentziion, meosurements
of air teaperaturec, humidity, air veloicilty and thermmel radiction were
node, and mony deteils of the suite, of the vork being performed emd of
the subjects themselves were recoxdeds At convenient intervals, surgeons
end opereting theatre stefl were interviewed briefly. The stondard form
of interview inclunded Bedford's seven-point thermal scalo, and vis's’“ible" |
porspiration was nliso noted. ‘Gver 2,500 such interviews were carried
outs On a reduced sample, guentitative messurements of skin temperee
ture and of local swecte-rate wore obtained, |

Using sequential multiple rogression annlysis, the effect of the
neasured varicbles on comfort and on bodily responses was determineds

Alr temperature was by far the most important varigble; the effocts



%e
of all othor measured variables were smalle Consistont differences
botveon the tamperatures preferred by surgeons and ananesthetists werc
found, The varistion of reaponée betueen occasions for the same
person vwas found to be clmost as ‘great 28 the voriation bebtween people.
Response distributions for standard conditions were preparode The
perception of indiviéual rarameters of the vorking envizomaent was

investipateds A pilot study of mamual performnnce was corricd outs
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1, Histordcsl bockaround of enviromaontel meosuremontss
Mon con Livo and work: in oxbremes of ¢limate, from the polar regions

to the Equator, but has alwoys been consclous of the advantoges of en
equable thermol coviromont, In primibive communities, it is the oxternal
cliriabe thadt must be endured for the greater part of tho tine, ond the
long-toxn effccts moy be considercble. Hippocrotoo wmid that clizate hos
areat offects on tho rhysique, intellironce ond temper of pecploss The
ivhobitonts of hot, stifling reglons, ho said, are smoll and not noted for
their quoalities of bravery or eadurance, while a teoporate climate
producos nen of bebter physique, the varisble nabure of their enviromient
bringing out also thoir hisher menbal qualities. This belief, being
difficuls %o dieprove, has survived. A modern climatologist, Lee (1356).
puts it doun to o psychological bins in its proponents, nmost of vhom have
aluays lived in o varieble, toaperstce clinate. Whatever the effects of
externnl climato may have been in anbiquity, and noy still be in the study
of outhropology, they now ploy a decrensing port in man's experience,
since the greater part of the worl: on vhich o clvilized society depends,
is done indoorss Tho thermal ecnviromaent con thus to o large extont be
under man's control, ond an umdersbonding of its effects is essentianl for
the cfilcicnt provision of edoguote vorixing. conditions. Uriting more then
a combury oo, D.B. Reid (1844) held that defective venbilation wes
responsible for a groater sacunt of evil than any other single couse,

sove only *mombal omtiety' and 'doficlent nubriment's The advenced

civilizations of %odoy have succceded only dn providing more adequate
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mutrinent for their eitizens, who must still suffer under the reagining
tvo evile, probably to a greater extont then beforce Increascd
industrislisation meons that o for greator proportion of poople mow
worlt in o thermal enviroment that is not undor their individual control -
in nony cases it is not under onyone's comtrol, cnd vhen it is, little
undersionding exists of the combined effects of the soveral thormal
poroncters, or of their optimun lovels.

In 1714, with Pohrorheltts dofinition of o satisfectory thormometric
Beale, the first mecsurcments of thormel caviroment becane possiblos
Two centuries were to pass before it became common for measurcnmonts to
be made for practical purposes as oppoved to intellectual curlositys
Ellis (17568) made mensurencnts of temperature in many ports of the world,
and was struck by the fact that & given tenporature vms much more
disagroeable in moist climabtes then in dry. He was probably ono of
the first to realiso thot factors othor then tespersburc con play a
lorge part in cousing thermal strains Blapden {(1775) porforned hoteroon
axperiments vhich confirmed the dificront physiological offects of moist
and dry air, bub the science of hygrometry weo oniy ploced on o fimm
basis by the midile of the noxt conbury. The present form of ingbrument
in common use is the vhirling hygrometer, which provides o relisble
measure of wet and dry bulb tenperature from which tho relative humidity
con be obbained by moans of tabless Loslie (1804) described cxperinents
on the cooling effect of wind, and devised a largeebulbed thermoneter vhoso
cooling time was very dependont on the wind velocity, for use as an

anemoncters A sinilexr instrument, the kote thermomcber, has rovorted



to this use cfber being proposcd as o meoosure of warath by Siv Iconord
i1l (1924), ond ic in fact the stomdexd mothod used todey by englineors
for measurenents of wndirested oir volocity in open spoceoss The influcnes
of modiant beat on theo thermnl cquilibriua of the body is o mabier of
comnon obsorvations The sun's heat is readily perceptible, ond most
domesgtic heating in Britain relics on redient hieotin of vorious Liindoe
Tot wntll 1878, with the onuncistion of Stefants law, ves any quanbitabive
wderstanding of radintion cchonse achicved, ond tho measurcaent of
Tedinmt hoat is 5till troublesomos Bedford end Unzmer (1934) used a-
Holl thewmopile for direct wecoourcaent, but 4% is beilous bo use and
involves nmowy observabions, rewndering it unsultable Zor noneuniform
envirormentss Vernon (19303 1932) hod introducod the glovo thernonebor
09 o means of aspessing the influence of radiation on confort, axd Bodford
and Yarnor roloted its readings to the moon rodiont teaporsture, which
may be defined ps tho equilibrivn teaporature atboined by o perfoctly
black body cxchonging heat with its suvrroumdings by radiation nlone,

2s Historical baclyzovnd of enviromaentol stress indiceg.

Thus by the lattar part of the nincteonth century the meons were
aveilnble for the exnct quantitative cvallation of the fowr main paramcters
of tho thermal enviroment. No cttespt was made to ostinate their relative
inportonce, £till leeo to combine thom into sose unificd index of thermal

strese (Sce footnoto). The xeoson for this seens $0 have been partly the

Footnotos Throughoub this thesis e dicbinction will be made between

measures of stress, such o8 tomperature, humidity, radiation, vorl:

load ond xate of woriting, and measurosof sirndn, su.h as body bempercture,



1.

Tootnote (Contimued) skin tomporature, swoat rnbte ond subjective

roports of discemfort, Composibe indices of thermal strecs are
now usually derived by considoring measures of thermoel straine

This was not always the cascs

eront gulf between acadenic investigetion and the more mundene apolico=
tions of ibs resulis, o gulf vhich is obill, to tho detriment of both
sides, very much in evidence; ond partly the belief, very prevalont
throughout the nineteonth century, that the deleterious offects of an
unpleasont indoor enviromment were due to some other property of the
pir. Iavoisier is roported by Ieblane (1842) to have examined the
coaposition of the alr in crowvded rooms, ond to heve promovnced towards
(“the end of the previous century that an excess of carbon dioxide ves
rosponsible for the unpleasant effcets. That this was o classic cusgm
of pesocintion and not cause, was first desonstrated in 1314, olthough
o rivel thoory of an exheled toxic organic substanco - enthropotoxin -
enjoyed oxtended popularity from 1862, vhen it vas proposed by
Pottenkofer, to 1914, vhen it was finnlly disproved by tﬁe vork of
8ir Leomard Hill, tho wes also rosponsible for the demisc of the carbon
dloxide theorys

A further renson for the failure of ninctecnth cenmtury scientists
to devise any couprchensive indices of thermal stress moy have been their
pre-occupabion with deverminisn ond consequont disinercst in ony such
variable phenomenon ns mon'c response o heab, 5till less in sonething
oo esoteric 28 o fecling of confort or wellwbeing, Rubner k1897)

renaxked thet the feeling of confort is in novy people obiuse, undeveloped
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axd varioble, and advised against plocing any relisnce upon its It is
- vnfortunmate thot the psycho-physicist Gustav Fechnor vwos working in
other ficlds, for he doveloped highly sophisticated metiwods of dedling
uith subjective rosponse as oarly ae 1860, end it is in fact from some of
his work that the method of probit analysis has boen developed (Finney,
1947)s The most promising advonces in dealing with subdjective Tesponsc
to heat hove made usc of this statistical tochnigque and use is made of
the method in the noxt sechbion of this thouvis.

All coxly attonpts $o produco an indox of thoemal stress clrcuavented
the mwnpredictability of humen reactions by ignoring them and sesking for
what would now bo bormed an Yevalos® dovice. As carly as 1826 Heberden
ook the wind-sensitive thermoncter of lLeslie as on index of Yscnsible
cold', realising thot it combimed the cooling offccts of temperature and
eir movement in & single fipure, Heldane {1905) recommended the wet-bulb
temporature as an index of physiological stress in the hot, humid Cornish
mines with which he wos concorncd, becouso it combined the offectsof
tomperature ‘am‘. nunigitys Sir Leonand .Hill‘s Kobathermoneter, introduced
about 1914, hed the rofinemont that it measursad the Yecooling powor' of
the pir over o range approxinating to body temperature (100-95°F. ), vhile
Dufton's cupatheoscope introduced in 1932 and rofingd in 1936, was on
internglly hoated block cylinder on logs, whose surfoce tempersbure
opproximatod to that of the clothed hwnon body. In spite of those
ovolutionary developnents, which made each succeeding dovice nore
complicatod to use and thus dofeated progrossively one of tho original

purpooes of o single«figure index, thoy ell combined the offcets of the
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envirormental parmicters in thoir owm idiosyneratic way. Painstalring
research made it possible to predict the reading of each devico from
a knowvledge of the relevant themmnl peramoters, end they were oll self-
consistent, bubt it vas grodually roaliséc‘t thet thoy were only ortefacts,
ond bore littio reseublance to hnmon rocchion. Turther, they could
measure only the integroted cffcet of the thermal paramoters on heat
bolance, cnd it was still mecessary to moasure separctely each foctor in
oxder to set limits upon is pormissible verintionss At a given reading
on one of these 'heoat stress annlogst, wide varinbtions of confort ond
eveon of heat balonce were possibles Ewmn; rooctions moy be perverse
oand divergent, but they are individuvelly meosningfuls EBach exporimental
subject is en unchoallongeable authority on vhat is for him comforboblo
or tolerabley oand cen porceive individually pe wall os integmte the
cffects of the separale pammoi;erﬂ of his envirormonts

In view of this it is perhaps xomerlable thot one of the first
attenpts to voe hunon subjects as indices of varnth has bcén S0 SUCCODte
ful, for thoy vere used stwrictly es instrunents for the comparison of
rairs of ernviromients, Iiouﬁxton and Yazlogiou (1923, 1924) ond Yazlozlon
and ller (1925) vorkod with trained subjects, invitinsg them to stote
vhether o given enviroment gove rise to a sensation of worath greater
than or iesp than thet ovoked by another they had 1ol Just prcm.ously.
m:lo techinique of Ypaired comparisons! wes cml ic ruch used by cperie-
mental paychelogists to dorive o rortiing ondor in subjoct matior there
ne sealed measurcient is posaiblo and virere no absolube reforonce poind

is availoble, es for esacple in cxperimental sostheticss  In the ficlic
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of thomal confort subjocts have thelr ovn body teaporature as o referencoe

inb, which io very forturebely ctondardicoé betveon poople, and cen
make o scalod cstimabc of the magpitude of thelr own bodily reactiong.
It wos thorefore wnduly pecolnistic to treat thormal comfort as if it wore
so osoberic o sasoblon os colour preference, and more recent work has
not tokeon this viewe From this omdl subscquend worl: tho Effoetive Toapereture
Scele vos derived, specilfying oy civen cosbimation of temperature, humidity
and air velocity by the tewporcture of otilly satureted cix that vould
evoke the sorpe bensation of wormbhe Tho Bagsic Scole x:fas- derived for
subjeets stripped o the velst and tho Nowmal Scale for lightly clothed
subjectss In its finnl form this Index has beon widoly uced, gspining
imaonsoly in value by its vniversality, though it may be criticisod on
ceveral pointss For instance, Yoglou (1949) reoaliced that it seriously
overcotinnton the effeet of hunidity at lov temperoturcs; thic orror ves
dug, he sgys, to the nogleet of the theminl effect of moisture absorbed
by clothing, Dunbon et sls (1246) found that the cffects of air velocity
at very hish tomorobures wore more complex thon deopicted by the Index. It

oo no allowance for o mean radiont teapersture different from aabiend
teaperature, thoudh this con have o layge offect on themol balance and
scnsations of confort,

| This last objovtion was overcome by Vernon and Varnor (1932), vho

subotitubted the globe themomeler roading for the dry-buldb {fomporature and
appliod a simulbancous correction to the wet-bulb tempersture, Rocond work
by Ferres ot als (1954) suzrosts thal tho siipler corroction proposed by
Bedford (1964), which omite the wot-bulb correction, sives an adoquate

desceripiion ovor o very lurge range of rodiant teaperoture and il is to
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be proferred for its simplicity., Itdiould Lo enphosised, however, that
radiant oxcess bompenn imre wos not dncluded in thoe Ors.{;:.n,,.l 'm*lf and isg
on enpirical oédition ot o later dates Ib loclks clegamee in thet tho
effect of olir velocity on the Corrected Effcciive éénpem’mré is now
tro=folds The globe thermomelor reading ie affectod by aix x}elocity, in
o way not related to varintions in sensation, but to its ’ovm céns%mction
end dinmensions. Alrcedy dii‘ficult‘ies are encouhtered due to tho foct that
globe thermoncters of two difforent sizes are in current usce In addition,
three different methods ore in uce of obiaining the woi-bulb tempercburc,
vhich cen aloo lead %0 confusion, It is to be hopecl that thé trend avoy
fron inte;reting devices will conta.zme and thm thesmal cnviroments
’will in the fubure bve upncifim in tez:-"z.e of precise sc:t.ennf:.o p'mrmatcru,
un»rclatca to the particulox mthous used .fox* thelr deter n.mu.e.on. Those
neca mwt be pwxnotsrs ohgeuro in thelr mommw t‘}e ucsnpemt:ure,
vapovr yressure, air veioc:.ty and neen rodis tém erabure a:*e faﬁmr
auantz.t:.eq, precise in their definitmn, z‘oad.:.:ly mdcrsﬁaad and zleeﬁendcmt
of coch others OFf the nmﬂtec:n indices deueribed in a rceucnt mview article
(x’ia,cPhemon 1962) not one mekes use of fhesc four:.

The Effective xempemmre scale is o acans of &7 eellyzn" ccnd:d;mns
of counld *hoxml effoct, bosed on subjective es*bimtoa o£ the pa,fs.s.olo cieal
offeets of heate It nust hove been e::‘cremely cliff:acult for ‘ﬁm expOrie
mental subjects to juige, for instance, that an emimment in thich
80 of their heat loos was due to evoperation did in foct 1e :d to the

somo tobal hest loss me arother in which only 20% of their heat loss

wags due to cvoporation. They woroe not aslhed $o ostimate tholr degree of
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confort, for, as the puthors pointed out in the origimnl peper, “ab
high bemperature end humidity there is no comfort¥, Thal they were
successful in their aim has been diotn by the later vwork of Houshien,
Tenguo, IHiller and Yénb (1931)”, vho showed thot the Hctal heat loss
was indeed consbtont ot a given Effcctive Teuporciure, in splie of the
fact that tho proporbion of heat lont by means of radiaztlion, convection
and evaporabion differed preatly for diffcront c;o:zbimtions of tenpersture
and humdditye This vork involved the careliul measurcacnt of heab
wroduction by gscous e:cchanzje, of the useful wilk perforaed arnd of the

e in voignt by cvapoxgtions It did mot rely on *sho“sﬁb;}ea’tive ostimates
of the subjoctos An-interosting poimt is thet this ésnfimé%ary c&géii@en‘b
vas concerned with contimued occupsbion, vhiile in the origiml czzpari-mﬁn%
the subjechs made theizé' Judgenents immediatoly on cnbering tho second
envivomonte This is a comnon criticioa of the Effcctive Tempei@tvre
s.pdey whidh 38 shown by this work 30 be groundlesd, The offect of an
incronses level of voridng vas found to be éimply an Ainci*caéeﬂ. hent loaﬁ\,
covsing tho semo pabbora of physiologheal response to occur et o lover
Effoctive Tenporatures Thus the subjects, who vere mon cldt}ied in
Yiishe sunmaer ouitol, vore oble vhen resting to adjust their ho:ﬁ:#loss
nechanisnt in suwh o way o8 o moinbedn thelr fotal he&tlloga‘s alnost
oxactly constomt ob 400 Biw/hour over the Effective Teaporature renge .
658507, Conbimed cxposure to an cuviromiant ebove or below this renge
cauced hoat storage or loss to ccuur gnd their body bomperciures could
not be mointained by the nozmal Fhermoe-re uniciozny moanss  Vhon vorking

by roising ond loverine o volghs of 16,8 ke o distance of L.494 nebtros
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every & sec., tholr heat loss was conotant at about BLO B‘«;ufhéﬁ in
the range 45-709F. On considcrption of hoat balaﬁce alone, then, it
vould appeor that an envivomment thob is to bo sulicble for conbtinued
occupation by men vhio may be sitting still or vorldng at o moderatbe
Tobe must not Lic outside the ronsp G5-70°F. FHowever, more malnlononce
of body tesporchuro does not imply comforts For insience, it may be
more conforbableo to lose tho greatexr part of the neccessary honteloss
by modistion ond comvection fhen by oveporation, or the controry, Which
sibuation vill oceur ot o ;dvon Effective Teapcrcture is deterained
by the particular combination of temperoture, hunidity, ctc. leading
to the into reied value. Or aunin, the nost comforteble conditions
moy e ob my point within the range that is physlcally toloroble.

To monoureaens of physiolocicol variobles cen docide these quostions,
since confort 1o a oubjective Judgement and can be influenced by fachors
othor then those affecting heat bolances One person may simply profer
corditions under vhich his skin is vorm and his nelghbour conditions
under which hig olin romaing cool, and thowrh both moy bo identical in
tTheir physical reections and in the rote of heut loss thoy require,
they will iffor in their judpement of o Fiven enviroment. Bedford

. (1936) bao shomn that okin bempersture, though asvoocisted with feoclings
of confory, canuot be used to predict thems Ab o givon value of gidn
wémporchure it was possible for pn irdlvidunl bo repert that he was oo
hot oy too cool, tith oqual stoiisticnl probebility. Alr temperature

vos o bobtor index of comfurb.
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3+ Historicel baclgmround of studics of thermal semsabion.

A vory renl advince Was mode by Bedford in his survey of British
foctorics in winter. Towx the first dime subjects wore uscd who were

.

ectually at work in a foniliar place instead of tolidng port in o
loboratory expordiment. Nearly two thousond ;vorkerc vere guestioned in
a veliegesigned interview, malding possibie ‘;;ho cexbrrition of sono order
fron cheos. They wore not agicd to compere the enviroment with sone
othery bub merely, in on infommol thouh strictly standaxd way, vhether
they vwere confortoble. IL thoy replied that they were too wara, thoy
vero asked quito sinply if they wore siightly ‘too viariy ox much t00 wnine
IZ they wore cold, »n similoy fomm of quostion. I£ comfortable, vhether
they vere ideally comfortable or vhwether they would proefer a teapergture
slightly waracr or cooler within tho comford renge. This resulted in
thelir being ploced on g soven-woint scale, ench coberory remched in the
above way, bubt lobelled porfunctorily much too vam, oo mzz, etes ond
ocsigned an erbilrary woight. At each level of thermnl stross, tho
mmbers oL votes obinined in cadh esbogory, weighbted approprintely, were
added togother and divided by the unwoighted totel numbor of vobes ob
thot lovely to give o Ligure termed the tmeen thermel vobe'. fft should
be noted that o writton form of this questiomnaire, in vhich the subjech
bas all seven calegories in Ifront of him, is not the somo; adbiguities
of lanpuace con rosult end o proeise instrument, by mis-uso, bescae leos
valuableo. Many Lvestisgtors since 1936 have used quostionnaires that
have o sinilor form, sane with five catogorics of choice ond 50216 with

nine, comc written and some verbel. Their resulis are eritically compared
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in Section IT of this thesise The nethod voed in the present investigne
tion was oxactly thoat of Bedford, and care wes tokon to aveild fsubjoct-
fatiguo® by including nmewy people, questioned infroquontlys Heny
fmerican surveys have tonded o use relotively smanll numbers of subjects,
auestioned over and over arpin, orparcntly in the beliof that thelr
subjeets con be calibroiod and uvned oo inte rating instrunonise In
foct, it appoars thab so ;reat g poart is played by a person's provious
thermsl osperionte thet no two people can be considered cguivalent, oven
under ddeniicael conditions, except incofar os thgy are ench catitled to
their omm opinion, Thore iz no substitute for a larse experimentol ‘

opuintion 1f ong wiches to pencrplise the Lindings of o survey to prodict

o

the behavicur of & lar e populabion,

The resulte of Bodford¥s survey shoved thet in the ranse of
conditions he otudied, the Effective Teaporoture did not correlato
pore closcldy with tho nemn thermal voie than did the dry-bulb te.:xporatum.‘
The "Equivelont Temperoturet, o fectoriel approxiunation to the reasding
of bufion's. eumtiiconcope, gove o slightly bebier correlation. A .
meltiple regrossion cguation, incorporghing the four thermal poromebers
of tompernture,; vapour pressure, alr veloelty and mean rodiant deaperature,
gove no betver correlotion with sensavion than $he Bqulivolont Tomperatures
A corresponding suxvey corricd out by Hicldish (1955) in suwmox, supported
the viowr that the dry-buld teaperzbure was o very sotisfactory index of
confort ond that 1itile wes o bo geined by the use of more complex
imdices under the conditions cxpericnced by light industiriel worlcrs in

Briteine Fven in tropiunl conditions, the vorl: of Ho (1952) and
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Webb (1959) showed that the Effective Tempornture gave no improved
correiation with thormal sensation over thot found using dry-bulb
beaperasture, However, Vebb was able to derive a multislo rogression
equation intorporabing teupcrature, vapour pressure end air volocity
into thal he cnlled the Sinsppore Indez, quoted like Effective Texpera-
ture, in teras of the teoupercture of still, ssburated air that would
give riso to the sane mean themmal vote. This inder, aolso known et the
Eguotorial Comfovt Indem, shouved o significanbly bebier corrclation with
sensation than any other indexs It wos also sinple in form and suitoble
for digital compubtations It was dexrived by considering the effect of the
three thermal foctors on the nunericol velue of the neon thernnl vobes
The mean rodlant temercsture did not diffor significently from oir
teaperature, and was ignorcd.

4o HMeosures of strein,

The concept of the mezn thernal vote os introduced by Bedford con
be considered as an sceurcte bub arbitrary measure of physioclogical strain
within the coafort rangee ¥To measure of physiologleal stroin has been
devised that is not arbitrary. Even one of the most successiul, the
P4SR (MoArdle et nl. (1947)), designed for use above the confort rongo,
though it predicts with o high degree of ecouracy the rote of swecting
of £i%, geclimabtised young mon, does merely that, znd no more. The
cuihors theaselves concludie that no formal proof can be offered to ghovw
that the rate of suweating is the best index of physiological straine
In itself, though it is curwessed in litres per hour, the P4SR is en

arbibrary mvobers Yo effocis other thon the sveat rebe arec iaplicéd
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by ibs velue per se. In theo same wny, the value of the mean thermal
vote is meaningful only vhen reloted by experience to other conseguences
of thermal stress, It is true thot on enviroment evoking o mean thermnl
vese of poro from a sufficiontly lorge sroup of subjects is in ¢ sense
the opbinun, but oven this is not so if the opti-um reguired is the
condition under vhich the moxinum number oxe conforsvable and the
distr bution of wvotes sbout the opiimum is slew, Further exporiments
oere necesscry for indices of this type in order to _{:red:r‘_ct froa their
value zyy useful connequencess This has becn done in the cascol the
P4SR by Adon, ot al (1955)s Thoy hove shown thet the mean rectal
tenperature and pulse rote correlabe well vith the index and cen ve
predicted with Come gocuracy £nos ito value. These consoguences of
thormal stross have o greater elinmdesl meaning and limits con be ploced
on their variation if the subjeet in question is not Lo collapse., By
this merns they prodicted that abeve o P4SR of 3.5 an inercesing mumber
of men would be wiable Yo coapicte a parbicular work sc.edule in g
four-hour exposure. This ls in ggreement with the value prodicted by
lcardle of al (1947) end was supported by oxperimentol ovidence. Nore
recent work by 10£stedt {1966) has deorived limits Lor subjocts other
than £1%, acclinstised young men, which are considersbly lowers The
conclusion of {this eubhor wos thal body teaperature was the bost index
of tuermal stroin, and that tho P4SR was the best avallable means of
predicting changes in body temporaturc due to thermol strcoos.

In on exactly emalagous way, it should bo possible to predict

fron the value of the nean themnl vole thot proportion of o population
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will judse the enviromment to Lo uncoaforteble, Thin is o meaningful
quantity, ossential for the dosign of working onviromontoe A decision
oust be reached as to vhat proportion moy be pemitted to be uwncomfortable,
but this connot be deciced by scicntific analysis ond is uwsuglly o oebdtor
for nepotintion. A realistic figure is thot more than 807 should be
comfortanlo within the confort ronge, although this implies thot out of
a group of five at least one is likely to be vncoafortable thatover the
wnditions. Some investigntors have found thot in thoir s urveys aven ok
the opbtisun cordltion, fower than 80 verc comfortsbles o genoranl
‘ex@reaaiom has boon derived for tho distributlon of confori vobtes gboud
the opbinmi, oven wider the comnonly encountercd conditions of contimued
occupation by normally clothed people doing lisht vozie In Section IX
of this theois a number of surveys covering conditions of this type are
rovievied and fron their rosulis an cupression is dorived $hal relatos the
widsh of the coafort rango to tho optlaun temporsiture cnd predicts in
detail the éistz’ibtﬁ:ion of voten chout the opviwn. In addition, the
mean thermal vobte ig shown 0 be related in a dofinito wny to this
distribution,

5« The cifeet of individual iavbom of the enviromnonbe

It baoo plready beon romexked thabt the eflccts of the sepavate poranctors
of thermal sbress may be perveived individuelly os well os integrateds
Thus the offest of increasing alr veloclty is ot Dirst nmercly to reduce
tho scnooation of waonth, but above a certaoin peint the subject bocomes
conscious of o dreuht. The throshold of thip scnsaiion nas been shiomm

by Boetjer (1924) to be strongly dependent upon the air te percturcs
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It is cleosrly depirable to 1limit the air velocity to a ronge in waich
it is perceived neither as boo still nor too dravgity. This requires
o parallel imventigebion, for It coawmmot be derived fron g imovledge of
the inbegsrated effcct of nll four paromelers acting togethor. Agnin, there
is o condral ronge of huwaldity which éﬁfcats Sﬁly the sonsation of warmih,
but oubside this range o sublect vAll report thet quitc apaxrt froa the
reooelbont theormel sonsation, the environnent is too dxy or too damps
Little vork hims been dono on thisy bub it is of interest porbiculprly in
an operpbing bheatre vhore tho hunidity ie usually rother highe Hiura
(1931) stabes that abt TOOF z relabive humidity of 707 is perceived os
unpleasantly damp, bub ono would expeet such o sensation to be strongly
dopordent on other foctors, notebly tezpexuiure end aiz volocity.

A veloted proble: ic thal of the *etufiiness! of o room. This comion
pejozative is froguently used in comnection with opersiing theatres ard
it wight be thousht thot o zrooseon for this would be gproronts Houvever,
lansdon and Xeighley (1964) in e rovicw of usor rcsearch in office design,
rooxk that the definition of stuffincss in terms of fheruol conditions
has not beon medes DRetter understending exists of the leovels of rodiont
heot that are peraissible, duc to the comaon use of this type of heolting
in industrinl situetions. The work of Chvenko (1953 &, b.) is particularly
relovant since it concerns rediomt heoting fxom ghove and the results are
Qireutly applivchle to surgeons working benoath e hot laup. These and
cther povbiculer effects of the thermal environucnt arc considercd in
subseguent Sections of this thesis,

Three other fuctors enber into eny invesiigation of healt response,
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ngnely the clething, rate of worizing ond proviovs thermal experion-o
of the subjects. All throe are usuvally dictated by the situniion and
apply more or less equally to all subjectse The number of differcnt
investigations made necescary by gGiffercnt combinntions of these factors
is an indicetion of tho siate>o? underﬁtaxéin; of thoir oporplions Mo
generslisation has beon made thet would cunable one to predict satisfoetorily
the resulis of theilr varinlions All three affect hecat balance, bub in a
given situption do not vexry sufficiently bobveen subjects o oxplain the
vide differences in subjoctive response Obtaiyed, oftcn fron people for
vhon 2ll soven messcuresble variables tolte the saize volues The reason mush
be portly due to the bodily differonces of the subjocts, in terms of build
and mobtabollemn. Tho boX, age, race, build anxd heipght of the subjects in
thé present investigntion were recorded and thoir influence is lavestintod.
Other vozkers hove found differences due to sex, bubt Yarlou oid. Messer
(1941) sroved $hot thme wero probobly duo to differcnces in clothinge HNo
diffevences betweon roccs have been proveiy even undor the troéical )
conditions studicd by Vebb (1959) and Bllis (1953)s British oporubing
theatres providc an opportunity for o conbrolled comparison of quite large
mubexs of differemt Tacess Tellon and Lind (1956) and Hellon, Lind end
Veiner (1956) have shown o maried influence of pgo on cortain physiologicel
reactions to therol stross, but some escoclated worls roported by Hellon
(1957) on the influence of physique was inconclunive., In elther case, the
Gifforcnces thoy fouﬁd:wore gnnll in spite of the high lovels of thormal
stross they investipnteds One must certeinly look elsecrhore in the

range of conditions cncouniercd in opereting thentres.
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6., The influenco of ©n0tion.

Common f£izures of speoch testify o the influcnce emotion can have
upon therand sensabions; %o loop o cool heod, and to aveid gotting
hot under the coller, running o coid sweet or gotting cold fect is
clearly cssential in an operasing theatres I is well Lnown that some
bodily veactions to theranl stress, notebly swenting, vasodilotion and
pulserntoy moy also be influenced by cmoticnal stimuli. It is reasonablo
to assune thot sepsations of confort oz discomfort are alco influonced by
the svbjeet's steto of mind, since although thcrmel discomfort implies
o doparture froa the bodyis themmal squilibriun, vhab is gcbually per-
ceived is probobly only tho conconitant effcets, the meons by vhich
the body atbenpts to regaln o stote of heat bolonce, and some of these
moy be activated not only by thermel shress but also by ewotional stiquii,
Hfost invostisptions of thermal otrain have becn dirceted tovards a stirictly
" practical end, and such fnctors have alvays beon ipmoved since they arc
not vnder the control of architect or heating engineer. Thelr offccts,
if present, have been ascribed to Yresidunl varictiont, _Even the best
indices of thomgl stress have therefore showm poor correlation with
subjective reaction, and a bebter understanding of the reasons i‘oi
residunl varipgtion bobwoon perpone is urgently roguired if sttoinable
standards of coafort gre to be Ioproved. There are obvious difficuliies
in dotao collection of this hind, and still grester difficulfios of anslysis,
Previous woriers have been wneble o cope with more than four simultancously

varying factors. By the use of o nultiple regression prosramae on o modern
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electronice compubter, these ditfficultica of annlysis noy be largoly
overcomee By this method, 1% hns becn possible in the presont investigoe
Hion to include a lorpge aunbor of foctors, such es the nature amd
difficulty of the work in hand, thoe number of intercuptions end the
noioe lovel, the speoed of voriking and the tonsion in the thootre, that
misht be expectod Yo infivenco the stabc of mind, OT lovel of olteniion
of the oubject, and hence his porcophion of ho thernel emviromente
Converoely, thermnl stress could bo expectod to influence the pereeption
of moiso, il both ave disbwactions “rom the tcsh in hande Bursili (1958)
hos shown thot thermal stress con affect poriﬁﬁémal'amaﬁénoss while
perforning o control tosite The offect disappearcd vhen tho contral bask |
oS cany, ond vas inerecsed by prolonged axposurc to heat. There ere o
possible mechanisms by which hoat could heve produced this effect, but so
1ittlo io Imown cboub the interaction of othor stresses with healb that it\
is imposuible to decide botveon them. Droadbenmt (1957), in o poper on
noiso, ougesied that the percepbucl syston has a limited chamncl capacity
for informotion, and thet oven totally dlfferent ctimuli can intoract by
compating for the abtombtion with the tesk in hand. On'%his vicy, one could
rorard tho ection of heat as produeing disbractive bodily stinuli, which
thon affoct the attention by loading the percepbual systen. This is o
posoiblo explonation for the offecta obacrved by Bursill and this
nechaniom would prodict an inbterpution bebueen the percepiion of heat
strete ond other distrsctive ptimull in the present imvestigetions On
the other hand, provious wori on tho intorsction of heot with other

stresces, which used direcet neosurencnts of efficicncy, lovels of heost
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stress woll ghove the comfort ranse and loud noisc or scrious sleoep
doprivotion as the other stresses hove shown ne inteoraction. (Peplor
(31959), Viteles ond Smith (1946).) %his result is in pccordance tith
the c.orrent theory of the achbion of these stresses. Rxvadbent (1903)
sug_ests that heot impairs perfomiance by o mechanism of i%s owm, thile
noise ond lock of slecp cach on sone conion mochonism in opposite diTece
tionge Bursill sugsested that heot wes ‘altcring ocnmrﬁl lovels of
attention', o scacvhot asbisvous phrase which could lend support to
cither view. DBroadbent pointod out that other ievels of hoat stress
night shovw somo interaction, though by this he meant highor lovels which
could provent slocp. Ali these oxporinents which hove chown performance
decroaents due $0 hent have used lovels of heat stress very much in oxeess

of thosce found in operating théatros, and tesks very much &imnler o
loss deaonding than surperye It i usumally possible to imves 1gaté these
ecffects only in the laborntory, vhere the tasik con be desisned to give
o good measure of officiency or okills Peorhops the nearestapproach to
reaiiém vap achieved by Hackworth (1950) vho tronsforred o wireless tolew
grephy task to the lnboratory, and shoved o mazked effcct of hectse An
intoresting result of his imvestigntion, which was agnin of vezy high
lavels of thermol stress, vas that the most skillad oporators werc the
lenst pffected by heat = by on incressed offort thoy were able to maintain
their officiency ot a high level. Thus one would expect heat to hove its
most severe offect then the task in hand is already texing the obility
to the wsmost and no roscrves of skill arc oveillable, This lends supporb
$0 the poosibility thot ¢ moro complex tashk could show o performance

decrencat ot lower leovels of heot strosce
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I% is clearly impossible to measure the efficiency with which o
ourgeon is voriing, bub if tho distractive stimuli thet competo for hig
attention with thoso nccensary for the performance of tho surgical task,
are conpeting also with the s’cmuli of his responses to heat stress, then
his subjective porception of the themmal enviromnent ney bo an ilec.";:‘of
the combinod cffect of oll such stimulie For insbance, o surgeon vho i1s
porforning a difficult oporgtion on vhich he must concentrate, may have
his comcentration taxed to tho limit by tho noise axd novenent of stoff
around hime If he is also avarc of the effects of heat, such as an
uncomfortable foeling of varmth end o tendency to sweed, those will
constitute o much more serious distraction thon if he wore nmentelly and
thysically roloxed, perhaps performing some roubtine procedure well within
his ability ond not demanding much concentrations An enviromient is judged
unconfortablo only if ite offccts aro poreeivods The above cambination
of circumstonces could have the coifech of lov:eri@ the threshold of
poercoption, and could result in o Julgement of the thormal envivorment
as uncomfortable cven thouzh the offects on heat balance were in focob
vory smalls This mey be one Toason vigny tho thermal onviroment in
oporating 'bhea.’crés appears so often to be g scapegoet for feclings of
frustration and displeasure vhose truccpuses lio elsevheTos Lo.g Uoys
in vhich %he perception of thermol enviromaent is influenced by othor
factors of the vorking cnvirormment are investispted and discusced in
this thesio.

Te Heoangurenont of perfornnnce, 3

Ay direct measurenent of efficlency or skill should be made

sirmltoneously with the applicabion of the stress undor investigation.
J: G
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Phis being inmpossible in tho surgical situnticn, an atiempt vas medo
to measure the efficiency thich o surgeon could bring to bear on an
operabion immediately following the oxmposurc to stress. This is ina
sense a measure of the fotigue produced by the strees of the preceding
scooions The method odopted was to measure manual trocking skill on n
modificd pursvit metor, since this task has boen shomn by Pepler (1959,
1960) mot to diserininate Letweon diffevent types of stroos and gives a
good neasure of performance with quite short test sessionss Using o
pursuit task of the rotor type, Teichner end Viehrkamp (1954) were able
to shov performence decreazente due to heat with test sesslons of only

z 20 sece durabions This lensth of test can be fitied inbo o surgeon's

working routine with g minimm of disturbance. However, in on obsexrvabtional.
curvoy of tho present kind, involving bricf visits 0 o lavgo mumbor of
theatres, it wos notv poneible to obbtoin repeated test scores from cach
subject, and the rosulls are indicative only.

8+ Heaouvguont of physiological varisbles,

Enotionnl sweabting can take place ab all ﬁéapemt.ures and is belioved
to be euppreaced by high bteaperotures (Hellon end lind 1956). It is mosd
profuse on the paln of the hond and on the forehends Bodily sweat glands
can be influonced by exotionnl stimuli, but cre mainly activoted by
thermel stress (Runo 1934)e A comporison of the svent rotes on the force
head ond the am could thus yicld valuable objective information on the
roles ployed by the tvwo couses of sweabting in the theontre sibuctions
Thisg type of investisation comnot be carried out in o Inboratory nocheup,

because tho vital effect of cnotiomnl stross would be absent. Thore vere
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difficulties in meoasuring the sweat rote of vorking surpeons becsuse
of the ninimal interfercuce with vorkins rouiine thot was pemissible;
For ihstanca, the usenl bechinigue of weishing: a subjest noked before
and after exposure to henb, to debermine the tobal .ovoporated f£luid loss,
tas ruled oul becouse surgoons are busy men gnd the apparetus is nob
easily portables Tor the sonc rensons, aea.mm:nonﬁé of p‘al.;a mte and
body temperature wore not elitoaptede Continuous wecording, frvolving
unacceptable Inmbowforenes with the woriding roubine, vould have been
necessary if the smoll varigtions expected on tho resulis of other work
vere 1o bo detoctod. Noblnson, Turrell and forking (1945) made cavoful
megsuraicnts on clothod aon worldng ob difforent temporntures and
hniditiess They found that ot 8209, neither pulsc rabte nor rgetal
temperctare vere l:i.mmasecl sigmificontly obove tholy voluves et T39F,
regardless of tho rolative hnmidity, vhereno both oweot mate gnd skin
teaporpbure showed o curvilineas relationsihip with relative humldidy at
tho hisher beapercbure. Toaperatures above 829F. werc rocorded vory
soldon in the present investization ond were usually assoclated with
boloveovercze hunidities. Hollon and Iind {(1956) fovnd very amall changes
in pulse rote end recial teaporabure even at a deuperature of 960F. It
wao therefore decided to abtonpt only meansurgacnts of sweat roto and skin
tesparabures Fcilowing o sug cation by Prof. J.8. Welner, o method of
meacurine locnl sweat rate was developed that proved very sabisioctory.
A the sesie time, o nmecsure of shin tenperature on the back of the nech
vas obbained. This is the only aren of dry skin onposed by sumgical gorbs

The results of this part of the imvestirptio.. cover nesessarily e smnll
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rert of the populsiion, as it vos not aluoys poosible $0 moke the
LeaSUrenontss

9. The prosonb Surveys

The presont investigation of operating theatres wes underbaken becouse
there wes voxy little kmovledse of the phrsical conditions under vhich
ourgeons were working and obill loos of thoir offcchoe AL noosuronents
toen by ongincers hod beon made nccegsarily in onpdy theatros or ot tho
perivhery of o thenire in use and hed concerned only the four main thormal

.

rervenoberse The exdoting methods of mencuring the thormal emviromient,
zovloved in this introducvion, were impossible to use within or even near
tho sterile mong at the conbre of the theetre and theore vas reoson to
beliove thot tho local conditions might be very different witidin the

group sbout the oporoting tableo. Specinl instrunents hed %o bo developed,
onall, compact, porbeblo and quicheanching They are desceribed in Scction ITI
of this thesis. In pddition, the corditions found co.forbable by people doing
other jobs, lens demonding oné loss tense, ¢id zot ocon o be satisfectory
for surgeonss Oveor the pogt thivty yesrs, as ws (1959) points oul, the
toaperctures Toguired by.surgeons have fallon from over 8097, to sonethero
betveen 60 and TOOF, witl: no discornible acreonent on the opbioumn.  Due

to wngvoidoble, oz rothor evereprosent heot pgeins, temporatures in Britich
operating theatros foll commonly ghove this lovel, ospecinlly in sumaer

time, ard thero has boen conciderpble denand for tho installobion of

cooling plante Tho very larse volunes of air supplicd vwithout re-
circulstion to theoabres moke this o vexy costly underbaling, porticularly

vithin the frumeworl of ¢ mabionnl hospital schene. An ad hoe investirption
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of the neture and extont of the heat provlea in theatres wes required,
and in tho course of it the additionnl dabta incorporated in thic theois
‘were obboinode

The ains of tho vori: vore thus firstly to derive mulbiple regression

© pquations combining the main poremelers of ine eawviroment into expressions
wiich predict the subjective roactions of gsurgeons and opersting theatre
gtaflfs secondly o imvestispte their porception of the soperate variabloes,
and to seb linits on the pezmicsible varintion; thirdly to Investirato
the interachtion of tho other fochors with the peorception of the thernal
orvivomoent and fourthiy $o swoport the wlidity of the subjoctive woris

uith o mutber of objectivo measurecnentss
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secrIoN 2.

RECALCULATION OF PUBLISHED DATA.
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2+ L. Intzoduction,

A ggmbor of suxrveys carricd out in the last Lorty years have
‘studied in grect detail the thermal enviromment proferzed by levrge
groups of people, under conditions that have sone rolovence to those
found in opornting theatres. In Table 2.1s are sct oud elcven such
surveys that obboined responzes Lron their subjects by using questionnalre
techniques sinilar to the onc used in the present investigntion. They
cover o ronge of thormal siress Lrom well below o vwell above the values
£ound in British operching theabros and thoy erc all concorned with the
prediction of sonos of coufort, as opposed o soncs of physicel tolorances
Unfortunately, thelr rcnuits ore oot out in o wide voriety of wors,
making detailed uumerical cosparison virtually impossible. Resulis are
cfton quoted as o conlort mono for o iven arbitzary proporiion confortables
In noue coses it vould bo difficalt to derive the confort zone for o
differcnt proportion comfozbtablee

A1l the subjects in those suwveys were encased in sedembery or light
vork, involving littlo physical effort other than that reguired to mainbein
posture, lNouslhben, Teegme, Miller and Yant (1931) have chown that the
netsbolic rate imoreaces by only ten porcent fron oitting to stondingg
this would probobly not be sufficient to introduce eny mesningful biss
%o the results of tho differcnt suxveys. Furbher, all svbjects wore the
clething thoy considercd coafortable, in the mzin rether Iight clothing,
and were not subjected to nean madient teaperntures measurebly different
from pir temmergbure.

>

In opito of these siniloritics, it was still considered necessary
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to carry oub large~scale surveys in each caces The difforent vosulis
demonstrate the large part pleyed by the difforent thoranl emperience
of the groups of subjectss I would be remarkable if no genecral cone
clusions could be'drowvn £roa swh a laxge rescoxceh effort, meprescubing
conditions umcr vhich the vast majority live and worly, bul no atieap
has been made in the Mtercbure to do so, The roccon is probobly that
they cover such a large range of temperature and show at firet sighd
ouch very difforent resulls. It is rcosonsble that special investigniions

ghould be made in casce vhere there arve uvnmusuel cireuszciances, such

B

the noed to wear heavy protociive clothing, or vhere high lovels of
enerry expencidurc or of rediant hent are encounbered, bul thers should
be no neod under normal circumsiances to do more thon discover the
opbimun temporature to vhich tho group ave accllmatiseds

In this section date from some of the surveys in Table 2+1. will be
re~coleulated, maiing possible their accurate numcrical comparison. An
omprossicn will be dorived fron then thidh reletos the vidth of the cone
fort zone to tho opbisun $emperoture and prodicts gquite accuralely the
vosulds of o mumbor of other surveyss The exprossion mal:es it possible
to extrapolote to other situvetions and hes certein impiicpobions for the
desisn of worlting environmonts.
2s 2. llcthods

The aim of any survoy of thermel comfort is o oblain o usable
neasure of sensotions It hos long been realised thot hunen judgonent
is unsuited for scelar esbinition of any kind, bub rocemt work hos gone

farther than thise Tho application of inforamntion theory to pesychophysics



has produced some rennriebly consicteont results in theo perception of
a wide variety of sensory stimuli (Miller 1356). The noae tprothetio!
has been given to contimn vhose perception is belicoved to be nediated
by an additlve procesa et the physiological lovel, and temperoture
sengation ig one of this class. Hiller {op. oits) shows that there is
ronson to believe that the 1imit of honan diseriminetion in the percoption
of on undimensional prothetic continuum correspvonds to the ebility o
distinguish relinbly betueon only soven calegeries of sensciions Thus
o poverful theoretical and oxporinental justification can be mado for
using the sovoneroint scaele of thermal senmation proposed by Bedford
(1936)s It could be arzued that vholcowbody scnsation is muiti-dinmcnsionsl,
portic.lerly oo themnl disconford is really the quantity widier investispe
tion. FHowever, thormal questiommaires ore usuolly phrased so es to direct
the subject's ecbtenbion to the tesh of evoluating tempercture rother thon
tho moymitude of his sensabtion of discomfoxt, which is thus releznbed to
o secondexy, evaluotive rolo.

The results of o questiomnire con be secn from the foreseing to
be nol scalar, but semlequantel ot boests o satisfoctory statistical
treatmont of semieguantel date has beon produceds Many confort studies
hove recornised this, and sgerificed information by presenting dhelr
resulis merely os o distribution ol the porcentase comforieble ouoinst
o thermel index. Beodfoxd's scquence of questionin: has the advantane
that this presentetion represents the rosult of an ackual question
reguiring ‘bhé quental rosvonse Yeomforteble or mot comforbeblet, vhoreas

this division has $0 bo made artificially by means of the wording of the
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category labels of vrition quostiommpires that prcsent aoll catcgories
at onces The meen therepl vobe ubiliscen all cotepories, but in on
arbitrery woy, Justifled by its procticel success in producing on most
date o ldnear relstionship with terni)om.ture. Inforantion is cypin lost,
hovover, in that there is no Implied relationship botvween the mean therasl
voto, and the proporbion too cold, comfortoble, and too hot. Chrenko (1955)
showed that tho data of Fllic {1952) sove a sigmoidal rolationship betueen
tho proportion wncomfortoble due to hoat and the mean theymel vote. The
probit tronsformation {Finney 1947) provides o method of dealing with this,
and wos usod by Vebb (1959) for thormal comfort dato. In Section 2. 3e
e varicty of differemt questiomnnives arve eritically compared by this
meaus, FProbit ennlysic has been developed onceifically for the purpose
of hondlin. quantal daba, to viich tho resulis of mosts comfort survoys
can be recluéed. In the following section the validity of such reduction
will be exomined; several different quesitionmeires wlill be reduced to
quaninl form by consideration of their vordiag, ond the rooults compared
with ench other. Subseguent sube-scetions agein use the probit transforine
tion to recaleulabe publiched dabe, following the method set oub by
Pinney (ops cits), an iterative aprroximetion o' the maximun likelihood
solutlons

2¢ 3s Exanination of thres forms of questionyialros

In Toble 2. 2. erc sét out three fors of questionnaire used by
different authors, Thabt wsed by Hickish (1955) is Bedford's original
fom, elso used by Ellis {1952, 1953) ond in the present surveys Tho

maaerical valves sssigmed to its roply cologorics are elso thoso used
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by Bedford; ' an added constznt brings the optimum vote to zero, In order
to obtain velues of the mean themal vote comparable with each other ond
wlith Bedford's results, mmerical valucs had to be assigned to the
differently worded response cabepories used by the several authors., In
order to test these weightings, the mezn thermnl vote has' been calculatoed
for the published detae. The proportions reporting discomfort due to hest
and due to cold have been derived by taking together those catesories with
veichts { 2, +3) and (=2, =3) respectively. The probits of these propor=
tions evc plotted, in Graphs z.l, 2.2 end 2.3, ogeinst the mean thermal
votes. In evez&» case, the resuit is a good &tx;aig’nt lizie, vhich indicetes
a normal distribution of response to fhe questionnaire. lAlso, the optimum
28 defined by‘a, mean thermal vobo of zero is in each case the point of
intersection of the probit lines, vhich is the point at vhich the proportion
*too hot' is equal to the proportion *foo cold's This indicates thot the
mean thermgl vote zlves o true estimate of the optinum, without bias due %o
the vordinm The slope of the thot disconfort' regression on the mean therw
mal vote takes a closely similar velue in gll three cases, nonely 1alS5ele2ls
Date for the 'cold disconfort' line is vexry scanty in these investignlions,
except in the case of Hou hten and Cook (1933), where the slope of this line
serees closely with that of the hot discomfort line. There is some indica-
tion thot the slope of the cold discomfort line is greatoer in the date of
Hickish(1955) and less in the case of Webb(1959)s This would indicate thot
the mean thermal vote is more Sensitive to the proportion *too cold! when the
teapergbure is high then it is vhen-the temperature is lows The indicaied

opbimum was at 67°F. D.B. for Hickish subjects, at 73°F.D.B. for those of
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Howhten and Cook, and ab 820 D.B. for thoso of Tiebbs, Clenrly, more
clothing coulé bo worn by the British foctory workers than by the residents
of Singapors, and this could lcod to tho coffceis obscrvod. The more heavily
clothed subjects, thoush considering a pa;&icular tempercture on bolance
*too cold*, would perhops less readily choose the axtrone cabespry for
recoxrding thoir senpsation; and the mean thermal vobte would therefore cppenr
less sensitivo to the proportion too colds

Thus far, tho mean thomal vote would secm to bo related to the probit
velues in o wnifom woy, cnebling a prediction of the proporbtions too cold
and %00 hot to be made from a knowledge of tho meen thermal voies Unfortunately
there is o lorge oystemnbic varigilion in the probit walues corrosponding
to o given mean themal vobe for the different populetions. AP o mean
herml vobte of mero, $ho corresponding mrobid values arc 3,10, 3,72 ond
3+89 reppectively for the doto of Hickish, Houshton and Cook, snd Vebb,
i.ce o 8tocdily inc.easing proporbion uncemforteble, duve to heat ard
cold ogualiy, with an incrocse in the demperature to vhich the group ie
acelinatiseds Thesc figures correspond o 94.455 comfortnble at G797,
8{%,‘3 comfortoble at 7398, and 73.%% comforteble ot 820F, those uncomfortoble
beliny divided equally betwecrn thosc oo hot and too cold ot these opbimum
tespernburess Ko great relisnce con bo placed on the emnet figures, since
they were obiained from the point of intersection of two probit lincs,
occurring at low velues of responso in each eose. The probii nethod
affords o vory rolicble estinste of the tmedian' value, ot which 504
reaponse is obtodned, ard an obleapt to evalvate tho relationship betweoen
the comfort zone and the opbinun te:npemtﬁre will in the folloving

subw~soction be bosed on this foct.
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Sunaaxy  The following conclusions may be drawn fxom this exasination

of questionneire technique and welszbhitinge=

1.

2

B

He

6o

The replies lezding to o gliven valus of the meomu thoranl voto

are normally distribubed and therefore suiteble for probit

The weighting sug ested in Teble 2¢ 2¢ lcnde $0 comparcble
valves of the mezn thermal voie and may elsc be used $o

reduce the results to comparable quantal £orm.

The mean thermal vobte gives aon un<bioged esbinclio of the
opbimm, ‘

The probii, P, of the proporiion reporting distomfort duc to
heot ia reoloted to the mean thexmal vole, 1y by an'equation of
the form P =T & b, vhore a=1.18 = 0,03, and b tekos a valuo
specific to tho cxperimontsl populetion, teniin: to incroase
with ineressipng optimum bempersiure and lying in the 1anme 3 « 4e
A sinilar relpiionship bolds for the proportion reporting dise
confort duc to coldy vith tho same velue for *HY, bub some
indication that Yo' may vary with optimum Vemperaiure.

Phe mean thermal vobte is thus an actrenely useful index of the
comfory response of o group, perticulerly for use s the depenw
dont varieble in a compuber pnalysis, tince it is reddily
geverated without reference to tobles, unlike probit wvelues,

It way not, however, be itronsfomzed to any mecsure of the
proportion too hot, comfortaule or too cold, without further
invostigpbion of the relotionship that holds for a particulax

body of datae
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2+ 4o Comparison of the form of published responso distributions.

‘ This ser.;.‘-bion exaxdnes the dota publiched in the first five surveys
appearing in Tgble 2.1. The mathematical celoulstions have been carxied
_ out by means of probit regression enplysis; the results are given in
Tables 2.3.+=2:8, The toxt consisis of o discussion of these results in
sunc dobolls

1. Three tropical surveys

Conditions in operating theatree moy involve heat, highn hunidity and
lov ailz velocity. These conditions are encountored to a much greater
degree in the tropicse The regults bf tropical surveys rmight therefore
have some relevance to the present survey, bearing in nmind the additional
foctor of longeterm acclimatisation,

Table 2¢3%. sebs out tho mumeriecal results of five probi*bi regression
analyses of date from the surveys of Filis (1952, 1953) ond Vebb (1953),
ond ong grayhicol es.imate vhere the mumbers of observations on vhich
the yubliched figurcs were based were not given. This mede it impossible
0 assign the correct wolghts in the calculations The published resulls
wore reduced to quantal form by deriving in the first instance the propor-
tion reporting discomfort due to warmth, as the reply catepories velghted
(2, +3) in Toblo 2.2+ The surveys of Ellis used Bedford's form of
guestionnaire, though in written forme In recding the necessary date
from Tige2s pe392, of Ellis (1953), an essunption was involved, nanely that
nona of the mon wes too cold gbove the point where 1003‘1 vere 'reasoncbly
coafortable's This was not sicted specifically, os the data was prescnted

in the form of o plot of the percentase *reasonnbly comforteble' egainst
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, Mormal RPEfoctive Tenperature. Significant lieterogeneity was found in
these resulis, omd hae besen alloved for in the ostimation of stondard
devintions. Tho 'verath disconfort' results for Viebb's doba ore his
owm, cxcept that the 1107 lovelt, above which more then 1075 of the
population experienced disconfort, hes also been coleulated. The
calculobion of the otandoxd deviabtion for this result involved the
cosunption that the nean value of the themel index lay close o the
nedion value., Uith these exceptions, the results shomm in Table 2 Je
arc maaerically accurcte roprosentations of the published data. The
- detailed probit caleulabtiono, thoush very longthy, have the cdvantace
$hot they pornit acuvurate statistical comperison of the results. The
graphical representations of these datn that have beeu publiched are of
compaxitively iibtle use for this purposes
On tho bosis of these caleulations, it can bo showm that the

observed differences beivecn the slopes of the prodit regression do
not approach sirnificanco, and thot the oboerved differences betvcon
the median velues, thourh simmificant at the 0.05 level, are within

«Te® of their moan, and thercofore of little practical siguificances
The '107% levels' of the indices, ot vhich 167 of the subjeets veported
discomfort due %o varmth, are mot sizmllicantly difforents Thus regarde
loss of 4he chosen index, more thon 107 of tho subjects rcported discomfort
above T8OF, ard more than 507 above 8207, This close sgreement betveon
three diffeorent indices, all expressed es the temporcture of on equivalent
enviroment vhose rolative hunidity ie 1007 and vhose air veloeity is

>

zoro, 1s o very pood indication of thelr validilye
3 g &5 W
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In Section B of Table 24+3. aerc set out the correspondin- calculations
on the eauo date for the proportion roporting ary sensetion of varmth,
ise. Fhose whose reply would be v:eig‘;tst@a. Hy +2 07 43 . The date for
th?s_? caleulations were gll given expiicitly, and it wos fhouf;ht they
might serve as a check on the prcviously mentioned resultse It mey be
scen that the heterogeneiiy in the data o.. Tllis (1953) hos disappeared;
it could b mre;.ore have becn duc to the e.ssmmhon mafle in rozding the
data, On Yhe other hand, the data of Fllis {1952) hore shows very ‘
s:.gnii“.:.cant he‘be“o(venen.ty. There is o ropson to0 suppose that this ‘
would no% nlso have gppeared had ﬁhe fi@zres been mm.lsblc for calculation
in Saction I ‘fhe subjocts in this survey were sallors on board o ware
ghip, and there was very considersble!variation in the clothing they worcs
A pmpor%;‘ion' were strizped to the v:aiét; ﬁ:llis; shows that ﬂiis proportion
variod direckly vith temporatures It is not surprising that with this .
a.d:ii.tional iactér ﬁlze‘ erpbit regression on an index that does not ok
account of fe.riatiom in c:lothins shoﬁld g;“-:;e' an :i.ﬁedpéua'cc def:;cription
of the rcsuliss The method is hlicshly sotisfoctory :{‘o" the ctnor BUIVEYS,
where po great veristion in clothing took place, but 1% mll be ghown
below that in o survey of British fectory woriers whoce clothing also
var;ea according to choice, it orzin provides an inadequate description. |

The slope of the *warmth* regression lines in Section B of Table 243
ore gll lover than their 'wemmth discomfort! cownterparts in Section
but the differonces pre not stetistically siznificonts The median values

of the indices in Soction B, at vﬁli.ch 50;% of svbjects reported sone
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sensation of warmth, differ from each othor significantly at the 0,001
iovel, and so do the 107 valuewm, Reference will be made to these
differences in Section 2,4s vhere it will bo shown thob thoy vary
syéi:e:;a‘aicaliiy with the acclinntisation of the subjeets. A1l gix volues
differ fyom their Ytmrath discomfort® countorperis in Secition A of Table
Z2e%e wipmificantly ot the C.05 level or botitor.

Webb (1959) found $hat his Singapore Index, also called the
Equa“l;orial Comfort Index, shoved bebler coriﬁlat:;‘c.on with mean thormal
vote than ¢id Effective Temporsture, bubt it .should be noted that the
weihis he assigned to his response cate oriecs in the caleulntion of
thoe meén thermel voteo were not those of Table 22, and thus not directly
compambie with the work of Bedfoxde |

2e o UL nnd operating thootre atafl ot worii

The survey of Houghten and Cook {1939) wms corried oub in one
operating theotre during a swmer period of threc months. It imvolved
questioning o sall grovp of people many times. Relative humdidity was
held constont ab 5055 eir volocity was not varicd and presunebly all other
factors rensined more or less constant while the air temporoturo ﬁas
varied within foirly marrow limitse The mumbers of responses obteined
are too small to allow any separation of differcnt staff cateroricse Tho
resulis of two probit rogression enalyses carried ocub on this data gre set
out in Table 2+44e The index of themmel stress was the Effeciive Teaperae
ture. %he results may be comparcd with each other and.-with the resulis
of the three tropical surveys dealt with above.

The difiorence in shape betvecn the 'warmih discomfort' and fcold
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disconfort! rogression does not epproach statistical significance,
imoring the difference in signe Date for respomse to cold wore here
mére mxzerous thon in the tropical surveys, since the investigption wes
of a new cooling plant. This resultd is thercfore good: evidence for the
view that sonsitivity Vo hoat and to cold are egual iu the confort ranses

Thero is very eiriliing ssrooment bebtweon: the slopes of these
regressions and the corresponding values in the tropical surveys. Tho
warath disconfort rogression has exactly tho same alope as that published
by Viebb, which hos boon ghowm gbove to be not significontly different
fron those caleulated for the date of Tlliss BSimiloarly, the ¢old dise
confors regression hos o slope thot does not differ significantly from
the value published by Vobbs. The corresponding fisures are showm for
comparison in Table 2.,5. It ma, be oseen thobt the daba of Tebb shous more
hetorvogeneisy, possibly becouse the suxvey wos carried out under less
controllcd conditions, but this hos been clloved for in the cnleulation
of the stontard deviotions oun vhich the stotistical comparisons are -
bascde Ho.oved, nbne of the valucs of chimsquars in Tobles 2.4 and
2.5 goproach stotistical significonce,

Althoush the regponses ol fmorican surpeons and operabing thozire
steff to chonges in Bifcctive Tenperoture are thus showan to be the
sxie @8 for o wide varicty of subjects in the tropics, the preferred
lovels of btenperature differ groatly. The medlan lovel of thermal
stress, ob which 507 of the American subjects roported discomfort due
$o heat, 35 8.9 + 0.5.7.° bolow tho median level for the tropical sube

jeets, and the medien lovel for diccomfort dus to 00ld it 11.9 + 0a7aFe®
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belov the corresponding figurc. These large differences arc almost
cerbainly due to long-term ascclimatisation, detemained by the previous
thormal oxperience of the subjects.

The aifference botween the level of thommsl stress ot which 507
viere too hot and the lovel of which 5! wexrc $06 cold nay be termed the -
*median range's 148 valuc for tho Amoricen sibjects was 8.0 + 0.6.F.0,
and for the i;i*opical subjects, 5+0 + 04G.F.C© The difforence between
these tvo median rangess 30 + 0.85.F+°, is significent ab the 0.01 levele
This is Stetictical proof of an observation made by Lebb (1959), that his
dictribution of the percenie;e comfoxtable versus thermal siress index
'aseemed 1o be bobth sharper and lower then those oblained in cooler
élimates';  the mf:umm percentoge comforteble was 6877 at T8,T°F. for
Ticbb's subjects, BGL ab 68.59F. for the Ancrican sﬁojécts. The nost
roliable estimate of the optimun tempersiure is to determine the contre
of the median pange, sSince the point of intersectlon of two probit
Toswession lines is greably in{luenced by smail errors in the slope of
cach linoc, 3

© 3. British factory worlkers in suniels

The survey of Wickish (1955) was carricd out in Britain during the
pumier ronths, and involved questioning a larpge mmber of light industrial
vorkers vhile thoy were actually ol work. Since it concerns subjects
acclimatisod to British temperatures, it is of interest in the present
connection. However, unlikze the tropical or American surveys exanined
obove, it covers lover levels of tenperaburc and hunldity and highor -
levels of air velocity than are actually found in operating $heatres.

Possibly as a resuld of this, Hickish was led to the somo conclusion as
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Bedford, thot dry-bulb oir temporature was an adequate index of thermel
stresse . Ho laid grect cuaphasis on tho oc.uzrence of a discontimuity in
tho relationship belween the moan thermal vote and dry-bulb teaperabure,
and called this tho upper linmit of thomeal comi‘orf;. Such o disconbimuity
is cxbronely difficult to locote with any cccuracy wiless vory large
munbers of subjects have beon quostioneds Tho dato wore published as
a voto distribution acaiast dry-bulb tempercture and thls mado possible
the probit amlyses vicpe resulls appeor in Table 2.6, Tor comparison,
the data of Viobb %}.959), vizich wore publiched in adnirebly full detell,
were recorculatod as probit regressions gminst doy-buld Yeapercture;  the
results of those caleulntions appear in Table 2.7.

It con be sown that in thus neglecting the effecis of the other thormal
variobles, significent helerogeneity hos been imsroduced Yo the deta of
Tebb {cf. Table 2.5.)y though mo systenotic deparbure from o sireig 't line
con be pecn in pgrephicel represcnbotions In cddibion, the glopes of the
problt rogressions goplust dyy-bulb temporcture are significantly lower
than those agpinst the Sincapore Index, though both arc erpressed in
Fohronheit desrovss This result is {o be expecied from Vebb's equations
for mean themal vote in terms of these two indices of thermal stresss In
the cose of the Ywermth diccomfort' regression, the diflevence is sipgnificant
et tho (.01 lovel, bub the Yeold discoafort! slope docs not differ signifie
cently fron the value agpinst the Singppore Indek. This vould lead one to
suspect thet the sensitivity of Tebb's subjects to ¢old a8 moosured by
dry«~bulb tenpercture wes higher than to heat simdlarly messured. The

truo regression cocfficients in question gppecr in Teble 2.7s A coleulotion



51,
shous that the probebility of thelr observed difference prising by
chence is grector than 0.05. The most one con sy is thet oven this
aprerently large difference bebtvecn sensitivity to heat arnd to cold does
not digprove the view that they are equal. Similarly, the lerge differonce
betveen the resression coefficicents Zor the dato of Hickish, which nre
phowm in Teble 2,6, Gocs not approach statistical significances
Considering the results of tho probit annlysis of the warmth discozfort
date of Hickieh in nore detoil:. than is given in Table 2.6, it con be showm
that the oxlstence of the discontinuity rcferred to by Hickish depends on
¥wo points, ot T49Fe and at 80°F, which deviate from the regression
simmificontly ot the 0,01 lovel bul not at the 0.0;)1 level. Eﬁden@hi
the strziht probit regression gives quite o cood deseription of the
date; the caleulated rogression coefficicmts do not differ éi,gmiz-’.‘icantls;
from the corresponding ones of Vebb in Teble 2.7. In Table 2.8 the
Ywarmbh? i*egmas:‘.on resulbs for Viebb anci\ for Tickish ere seb Jou't Lox
comperison. Agpin, the regrossion coefficients agree closelys; the
probebility of tho observed difference arising by chance is grecter
than 0,30« Thus it may be seen that the sensitivity of Britich factory
workers to heat and to cold is clocely giailar to the sonsitlvity of
Viebb¥s tropical subjJocts, despite the fact thab ‘.;he‘ two groups are
acclinatised to very different temperaturose
4»  Summanys
| The following conclusions can be drawm from the discussions of the
calculoted probit regression results in Section 2,41-
i, Tomwel Effective Texpersture, Besic Elfective Tewnersivre and the

Singapore Index, used where they are appropriste, oro cozparchle in
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all respects whon related to stbjective rosponses.
2y  Group sensitivity to hant and Yo cold appesrs to be equnl
in end neer the comfort mance. A slven incrcase in tempersiure
‘will produce on inercoso in the probit' of the proportion too hob
oqual to the cimulboneous deusrcosce in the probit of the propostion

too cold.

=4

i

3o Acclimatisation to widely 'different tempercturcs does not

;‘; »
alter vhe senoitivity of groups of subjects to chansos 'in tenperatures
A given increase in bemperchure will produce the same inerease in
the probit of the proporbion too hot ard decroasc in $he probit of

tho proporbion $oo cold whabever their state ‘of neclimdbisgbtion

in the Tonse 60-300T.D.B.

i

2 5+ The relationshin betweon thé medlon renuse ond the preierred

’ T bemperature fOY o oTOUD. .

Thio, sub-section will consider ag;zin the results’pmsen'&ea in the
provious sub=scction, ond will oxbrppolate from thea to prediet the rosults
of other SUrvoyss Y |

The median range for tho British subjecks was 14.6 + l.1.F.9, the
centre being at 68,6°F., The medisn ranze for the tropicel subjocts wﬁs
443+ 10,70, with the centre o 81.0.9F., these Iigures referring to
dry<bulb temperatures The doba of Houghben end Cook (1933) can be
ti'am;ﬁomed to dry-bulb teaperature, working beckvards on the Effective
Teaperciure nomesrens This is only possible becanse the relative humidity
wos constant ab 507 ond the air velocity at 20 fech per mimrz;o.v The

modian range then becomes 105 + 046,70, with the centre at 72.60T.



Grarh 24 chows the distribution of tho percembage conforteble in
these threc surveys, obbained as smoothod curves by the transformpe
tion of ‘the,calculaﬁed probit regrecsions equations. t nay at
once be secn thet the medium ranse de.resscs systencticelly with (
increcsing opiimun tcaperdiure for the group. The form of the
rolotionship is chown in the Groph 2,5. Trom this it is possible
to predict the medium range for o group if the optimn tempor.iure
for the group is knovm. 1%, further, e figurc can be sssuwaed for the
slope of the probi't;: repression, _;bhé entire distribution of subjective
Tosponse is &efined;- Since the figmrcs Zor the slopes in Tables 246
ond 247 have been shown not to éﬁ:.i‘fer siézaii‘icantly from each other,

H :
it is lesibimate o take thelr “ncan a5 g reasonasble prediction of the
‘910/130 for a pypothetical respon&ze aistri'kgution. The mean is
0 27 X 0.05/5°, " |

A5 en example, it is instzuctive to caleulate the distribubion

A s

for the dota of Bedfo.d (1936), }_,-"iven on]:v that thd opbimua dxy«~bulb
te.xxpemmz'e was about 64°F. This curvey was of British factory |
workers in ‘f:ilntcr, weoring heavier clothiné than in any of the three
surveys used to derive the expressions It is for this reason thot it
hos not been considered in deteils From Graph 2.5 it can be secn that
the predicted median ronze i8 17a9.F® Bedford (1964) quotes &
range within vhich more than 867 were co::xi‘om‘:able", Teing ‘t;he meon

slope of 0.27/F%, the width of this range is calculated to bes

E 1709 - 2 ‘5 - 5.222 ) = 9.9 FO'

027 )
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since the probit of 4% is 3492, and of 50, 5.00. It should be
notod that it is {‘:Cl’Jﬁ;SSible herc to toke 'U4% too hot' as tie upper
limit, and Y14% too cold' as the lower limit of the required range
only because thio ¢calculated probi ¢ of the proportion too cold ot
the upper end (and too hot ot the lower end) is 1+25, vhich corresponds
to loss than 0+X% ond is therefore quite ne.ligible. The predicted
ronge within vhich 8671 of Bedford's subjects could be expe.ted to he
confortoble, i s there fore caleulated to be 59-69 %F.  Bedford quobes
the range 60-68 OF, in close sgreenmemt. His figures were derive d fronm
o histogron with sroupings of 1.7.° , snd ere thus noi more accurzte

By means of g similar calculation, using the mean slope of 0027/ P
ond the foct thot the probit of 107 is 372, it moy be caleulnted thob
tie Y104 range' predicted by this mothod wiil be 3
2% .5 - 372 g §©  nerrover than the medien ranse for o hypothetical
ﬁistributig;?h 0. 9*5 T narrower. Then this is drown in Craoph 2.5
it con be scen thot the Y104 ran e’ will be zero when the optl mun
teapersture 1 s about 74 OF This means th.t when o group of subjecis
aye teclimatised so thet their optimua tenperature lies gbove 740 F,
fewer thon 80 will be confortable oven ot the opiimume In the cas o
of Vebb's subjects, £ or instence, only 435 were confortable ot the
optimum tenpercture of 51° DaBe  The rempinder woere equally divided
betwees dhose tco Lot and those oo coid. If the ebove relotionship
is jenerally txue, %.e hicher the preferred teapernture for o group,

t o smcller the proportion comfortable at the opiismmm. In the last
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thirty yeors preferred tenperciurcs have increased considerablys
tho consequences could be inconvenienbs

The renaining surveys gppeaz'ing in Table 2¢1 quote thoir results
in {Yerms of Effcctive Tooporiiures Siailor c;.lculations based on
the ficures in Tebles 244 ard 2.5 ilead to the ;:'ela"i:ionship shown in
Graph 2«06 bebvecn the median range and opblaun tenperature for g
group when both paromotors are quoted in terms of Effective Teoapercturce
The nean slope is here 0.§8i O..OS/F.O (F.T.), end leads to a prediction
$hat the '105% range' will be 648 FW? (B.T.) lesc than the median rance,
and thus zero ot T3%F.(B.T.)s Then o group of subjects are ecclimatised
oo that their optimum tempercture lies above 73%F. (I.T.) the predice
tion de that fewer than 80 of their mumber 175.11 be confortables even
at the optimume It may nlso be secn that for an oPtma tmperﬂture
of 66°r, (E.T.), the '105% ronge' is only 2.T7% this meons uha.‘t the
enviroment must be conbrolled to within 1.T° at 66°F, (E.7.) if
Lovier than 100 axe to complain of either heat or cold, Using the
relotionship shown in Graph 2.6, (X = 0,29 (96 « Toppe)s ‘where X is the
width of the median range ond Topp is the c;pti:rxum nffoctive Teaper ture
for o group)s oud the meen value of the probit regresslon coefiicient,
0.5/7° (£.7.), the predictions set out in Teble 2¢9 may be made. They
agrec closely with the resulbs of tho actual surveys, which are salco
shown in the table, the limits of the predicted ranges being in every
cose within I 0.77° (B.7.) of Vthe fizures found by experiment.

Toble 2410 shows the equations derived from the reecalculotions
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of published results thot cppear in Section 2+4. Theoy predict with
congidersble acvuracy the response distributions of groups of poople
acclinatised to Peaperstures in the range 65 - 85° Fy providing thot
tliey ere lightly clothed and not performming much physical vorke Thoy
do mnot hold good for Buropean visitors to the tropicsy a rewson for
this is sugeosted in subescction 2#Gs  They may be used bo predict
the response distribvutions thet will be obtained vhen a group of
peopie heve becone acclimatised o a particular teapercture.  Thus
if an enuiosure is to be maintained at a given dezperature, these
equ-bions can be used to define the limits of permissible vardetion.
They noy be of use in the desisn of condrol equipmenty and also in
deciding in sdvance the temperature vhich a group should be

fconditioned' to profers

Sumaary.

Fauotions heve boon derived vhich prodict the response
distributions of groups of people acclimatised to bemperctuxes in
the rango €5 = 85 OF D.3. The preforred, or optimum, tesporature
£ or the group has been shoun to have o systenatic influence on the
distribution poromcters. In general the equstions should be dahken

to apply to conditions rother wermer thean ideal, o vwhich o group

has hobitucted if not ascclimobised.

2¢6. pcelimotisstion and subjective scnsotions

Eliis (1952) zeporied the surprising result thot men vho hed

beon twelve months in the tropics wiere less tolersnt of heat than
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the some men offer cix months, and thot o period of a veck sponb
ine cooler climato hed no offect on their them:xal responscss
This éuggests ot once thot physical occelimatisetion was plaoying
o considerably cmallier pert thon verc changes in men‘i;s.l attitude
towerds tie hezt. On fizst orriving, men would expect to be
unconfortably hot almost all the times  As tive went on they
presunably achioved o measurc of physical adjustmont, such as
mersinally dncrecsod eopacity to sweot, nliered bLehovior and
activiby paticrns, and co on, bub es they beeane cble to ‘bc;
conforbeble some of the tine, they would becone corres;:ondingl,y.

intolex*ant of conditions to vhich they conld not cdjust.

Section 2*4 shoved that the subjevts in tho surveys of Ellis
(195 2), Pllis (1953) and Vebb (1959) hed all by hobituation reached
the stoge vhere 505 would c¢oll conditions below 82 °F (E.7.)
'reasbhably comiortablets Hovever, ihe resulis in Table 2¢3 B
show that 50% of their mumber expcrienced o censction of warmih
ot 75‘;30, 78%*2° and T79*6 OF (E.T.) respectively. These figures
are significantly di.f:;‘eient £rom each othér b the 04001 level.
Exaninabion of the originsl dote shows theh the subjcels in each
survey hed been in 1;‘“9. tropics less than one yeor, less than two
and a holf years and uoxe than ten yesrs respectivelys This

si.ous a slight but simmificant acclinstisction over a long period.

The coafort ranges faund by LEllis in his two surveys were
auch vider than thoso found by Vebb or thon thoce predicted by

the equotions of Table 2410. It has been shown thet the upper
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linits of tlic medion ranges in thooe threc surveys co-incide
ezactly ot 82° F (FeT,s)s  The cmomalics are thus due to doleranie
of colde The subjiects in Ellds' survays were Luropcans wao wnight
hesitote to deseribe any tempersture above 70 °F as *too coldl,
The subjects in Ticbb's survey, who were either indigenous to
Singapore or had lived there a very long time, were in no such
erbificial situntion. Thuso slthoush thoir physical acelinatis tion
was botter, they vicre used to beins comfortable and more intoleront
of deviatiéns from tho ideal than the Furopesns vwho had rocently
crrived in the tropics and vere thorefore used to being uncomforbable.
Thue it may be seen thoet scclimpbisation to heat cen have the
parcdoxical effect of reducing the coafort range as defined by

subjective responses

Sumy ALY

A Jong~tera physicel pcelimobisation o heat is demonstroted
£rom the publisched litersture. ¥E6 is shovm Yo bo cosocinbed with
reduced subjective tolerance of devintioms from the ideal temporabure

conditiont.



FToble 2.1 Survgy resulbo exenincd in Sechbion 2e

e —

Dota from the folloving surveys ore recaleculsted by probit W.Mis:

Reforences Subjects questioned in survey.

Pliis (1952) ' Britich novel pevsomnel, tropies, chipboard
Ellis (1953) pritish civilins, bropics.

Hioi:ish (1955) British foctory voriters, sumicrs

Houghten & Cook {1939) Mmorican surgeons, tuestre stafl, suﬁxér;
Tebh (1959) Residents of Singnpore.

The regponsc distﬁbutions of the following surveys are compared

with theovetical predictions based on the above reccleulationse

Reference | subjocts questionod in survey
Bedaford {1936) ' -Brizich factory workors, winbore
Hevbon, ot al {1938) fmerican office vworlors, suanors

Perbridee & Yeclean (1935) Canodion school childron.

Rumiel, et a1 (1933) Amorican office workers, SiLAIOT.
Yeslou (1926) Ancrican subjocts.

Yeglou & Drimker (1928) tnericon subjects, cummers
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Icble 2.2 Forms of questiomnaire; wel bing of response cotesories .

s

Velghting for

prescent purpose

Response categories

Bedford (1936)
Hickish (1955)

Houghten & Cook
(1939)

Vebh (1959)

3 - much $o0 waTm (Decidedly hot)x Excessively hot
Decidedly warm
2 Too worn Siightly vam Hot
Vo
1 Gbmfoz’hably Torm Conforbobly worm
0 Comforteble Ideal comfort Confortable
-l Confortably cool Comiortably cool
Cool
-2 Too cool 5lightly cool
Cold
_Decidedly cool
- Huch oo cool

(Decidedly cold)x

IExcessively cold

X Tot obfnined.

Hotes Only those replies within the cembral zono {-1,0,+1) mention the

word *comfort?,

In espimning weights intended to lead o comparable

valucs of the Meon Theraal Vote, 4.¢ distinctions between Ywam' and
thot!y, ond betucen Yoool! ond Teold! hi.c been ignored os bel.g boo

ombigiouss
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Dable 2+3. Probit enolysis of three tropical survey results

L» The regression of the probit of ¢

(+2, +3), on thermal stress,

Souree

Ellie (1952)
Ellis (1953)

Tebb (1959)

Thernal
Stress
Index

Bagic T,

Yormal V.7,

Sinsnpore
Index

Slope(S.D)

0.40%£0,04

0* 35561005

0 3940°05

Hedien(S.D.)

80+5%0+ 9°1
B2 L0+ 4°F

818209 307

unconfortable due to wornth

107 Value
(s.D)

T7404120°F
784600 307

77 940°5°F

X

=
2442
on 5d:f¢

135
om 9&0 £,

Be The regression of tho probit of ¢ reporting eny sensation of Ywarmtht

{ 3, 2, 3)y on thermal strous.

Source

Bllis (1952)
Fllis (1953)

Yebb (195 9)

Thermal
Stress
Index

wsic TaTs
Homoal E.7,

Singapore
Index

51ope(S.D)

O 288002
0* 258001

o* 3430004

Hedinn(S.D)

75% 380 390
784 230+ 04°F

T3¢ 6300 207

% Indicates statisticpnlly si:nificent heoterosoneitye.

109b Velue
(s.D)

704 720+ 50p
7508200 207

75+820+5°F

2
RN

M4
ento
on 12 d.fs

1i=9
on 10defs

1ie2
o 11d.%,.
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Toble Ped Probli enmalysis of daba from Houshben & Cook (1939)

{erobit of ¢ uncomfortable versus Tifcctive Temperature)

Discomfort Slope Hodian 105 value )(2

due tos (Sw 1:’0) (SQDI) (SOI.’.)

Vernth 04 3920, 05 72 3%004%F  69°1d0030F 29 67

(2, 3) on 6 da L
Cold «0* 5420*05 64 330501 69+ 130+ 5°F 125
("’2!“'3) ‘ ’ . ‘l . on 7 Qule
Toble 2.5« Probit anlysis published by Wobb (1959)

(Probit of ¢ uncomfortable versus Singapore Indesx)

Discomfort Slope Medion 1055 walue Xa

due to: (Se14) (s.n.) . (5.04) =

Voruth 0 59L0%05 61220%25%F (77 340-5°T) 13¢5

( 2y 3) . . . . on 9 def,
Cold ~0°40£0%06 76° 220+50p (79+4%0,7°F ) 11.0
(=25-3) on Bde fs

x The caleuletion of the 10% value has been corried out from the published
fimuresy an assuapbion is imvolved in the ccleulotion o the stondard

devictions Refercnce to this is made in the text.
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Teble 2,6 Drobit anclysis of dabo frem Hickisp (1955)

(Probit of ¢ uncomfortable v.rsus Dry bulb 'hanpei‘o_ture).

Disconfort Slopo edien 105 value X2
due toz (SeDa) - {(S4Ds ) (8.D.)
. X
Varmth © 0426£0,02 75¢930:4°F 704 940.4°F 4l
(2, 3) _ on 9d.f.
Cold 'w0e3380,06  61.3210°F 65,280,500 0e9
x Indicztes stabisticolly sisnificant heterogeuncity.
Toble 2e7s _Probit analysis of dote from Vebb (195
(Probit of ¢ uncomfortaoble versus Dry bulb bemperaturc).
, , 2
Disconfort slope Hedion 0% velue X
due tos (S.D.) (S.D.) (SeDs)
- o : ‘ ' ‘ ' %
Vermth 041830.05 53 130, 7°F 758424 2°F 4746
(2, 3) : S on 13d.£
v . N O v x
Cold 00 3240,06 75850 TV 82.8%0.5°F 1249
("2!83) on D &.f.

% Indicotes stebistically signiiicant hoboro:sencity.



Tabla 2:8.-

slysis of deobo from Hioki

1

64

‘Tebb (1

(Probit of ¢ reporting any sensction of 'wamth! versus Dry bulb temperature)

Dbabte From

Hickish (1955)
( 1, +2y+3)

viebb (1959)
( 1yt2,+ 3)

Slope

(SeDs)

042220402

041720405

(s.7.)

T1e53G, 2°F

83 1409°F

10% volue
(SeDe)

G5 710 . 503:‘

754 622, T°F

% Indictes statistically significent heterogencliye

2

X

b4
16.8
on B defs

=
2445

on 5 defs

Table 2.9« Predi tion end comparison of the resulis of othcr survayse

Source

TaTs

Bedforc (196&%00
Pe T

Yoslon 67°
(1926)

Patridce &
Moclean{1935)

65645°

Yaglon ?’: 70. go
Drinker1925)

Ruamck ot ol TL.7°
(1939)

Tewton et ol 70.0°
{(1930)

Optimum

Crdterion

¢t com’ortable

867
50%

5055

Prodicted

rancey E.Te
574 6=6244°

62¢B~T1a2°

624 2-708°

67.1‘74b4° )

6842754 2°

664 2=T738°

Publicshed

rongey EoTs
57-63°
63=71°

61e5TLe5°

66&5‘75?

6844-T5°

66e9=T566°
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Toblo PalDe Comfort vote distributions

then Py = Probit of tho proportion reportlng diccemfort duc to warmihe

PC z Probit of the proportion reporting discomfort duc to colds

i

TopT = Optimum tempereture to vhich the group arc aculimetisede

T = Temperpture in °r,

4
v

» the followine equations define the predicted fomily of curves:

Ff£fective Temperaturcs

PH = 0,38 T w 00325 QOPT a« 0u29
PC :"‘Ou% T + D435 Topg - 0s29

Dxy bulb teaperature

PE :0;27'.? - 01159 TQPT"' 4&50
Pc w027 T + 0)3811'0?]3— {2;.50
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3» 1. Tenporal scheomes

The work described in this thesis wes carried out between Moy 1963
and October 1966, based at Ste Hary's Hospibal Hedical School, London, ond
for an initizl period ot the Centrnl Public Hesnlth Loboratory, Colindale,
Iondon, wheore eix months were spent in the develoiment of sulteble instrue
ments;. From December 1963 to December 1965, on intensive series of
visits to o large number of operatins thentres was carried out, and in
the renaining tine the deta wes transeribed and computations performed on
the IBM 1401/7090 systen at the Cenire foxr Computing and Automstion,
Imperial College, Iondone Additional compubabtions were later performed
on an identical machine in Stockholm while the suthor vas working at the
Swedish National Institute for Bullding Researchs

%s 2o Orzanication.

During the initial period, design studies were carried out on the
various forms of instruments to be useds These are described in the
folloving subesectionss The author took part in o survey of air<borme
cross-infoection in surgery in order to become familiar with the routine
of woﬁ:ing; in an operating theatre and to study tho fessibility of the
proposed schene of messurcuent.

Forms were designed and duplicated to standardise the mezsurements
and notes that were to be modes It was plamned to study at the same tinme
the method of working of staff in different loyouts of operuting suite
and to this end the guthor was accompanied on most visiis by = nurse, who
also pesisted in the questioning of the surgical tezm in the thormal
SUIVEYe

In the aveilable time, two altermotive meothods of investigation
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were possibles cither one could choose o very small mumber of theatres
end study thes intensively, or one could include 28 mayy a9 possii)le on

& survey besiss The foramor method would make it possiblé to carry out
more elaborate measurements, involving a dégree of preparation of the~v
theatre and collaboration_by the surgeons quite impraciicable in a

brief ';-risit. For ins;tanco, the climate in the theatre could be controlled
for the purpose of the experiment; recording instruments could be instzlled
and Bizréeonc cou]d cénceiwrably be persusded to wear monitoring instruments
thonselvess It was decided to adopt the latter method, that of brief
visits %o o lérge number of theatres, for the following reasons. Firstly,
in vicw of the di;versi'by of types of theatre suite in use, the results

of experiments performed in s few selecteé theatres, however well chosen,
could not be genernlised to apply on a national scoles Secondly, o very
greatd deal of work hos been done on thermal confort both S.n climate
chombers and in working situations, and the findings are apparen'bly in
conflict with the general views of surgeons. It was thought important
that the present survey should study themmal conditions in theatres vhere
work was proceeding ns normally o8 possible, without altering control
settings and without rempininz long enough to alter the attitude of the
surgical teomss Surgeons are used o miscellanecous yisitcrs and apparatus
in their theatres, but not to vworkdng in p climate chambers Thirdly, so
little is knovn of the ressons for intor-personal veriation in thermal
rreference that o survey of Bedford's type in which o larse mumber of
suﬁjects ore quea;ioned infrequently was thought preferable to one in

vhich o mumber of supposedly typical subjects are studied intensively.
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The cowoperation of the consultonts of thirteen hospitnls in end
near the London area was obtained; end vieits commenced in December 1963
It vas plamed to spend three working days in each sulte, thus coVering
o possible six halfe-day ope;rr,iion sessions on esch visit. Three such
visits werc to be mede to each suite, at different tines of the year
separated by about four monthse A preliminery vislt &'-'c;s sade on each
Mondar, vhen conbact was ;x;ade with thq staff and the surgical scheﬁe for
the veck was as far a& zb#sible obtaine&.v In sone coses the visit was
necessary to locate the hospital iicelfs (On one cccasion the tenm
precented themselves initially ot the gaies of an adjocent prisom.)

It wos found that most surgery of the elective type tended to be
performed in the middle of the weeks Naturally, in'busy hosp;‘:mls, all '
availpble time was used, but in genernl it was found that o greater volume
of work could be covered by visiting on Tuesday, ‘i-’:fednesday andi?hursday.
Thus Friday vos ususlly ovailable for a certoin amount of compilation,
end each week could be devoted entirely to o particular hospital.. Some
weels of the first yesr were set aside for reecelibrstion of the instru~
menis and for comtingencies such as the closing of o suite or the repair
of instruments., Vislts had to be axranged at lesst threc months in =dvance,
ond it was found thot. the cbove scheme worked very flexiblys Threo
hospitols in Scandinavia were visited during the sumuer, for the customnxy
three days each.

As the actual process of data collection became more ﬁutino, it ves
found possible to include more items of infornmation and the surve;y' wos

oxponded to include theme In the sccond yesr, visits werc mode to cloven
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hosp{i.‘bals outside the Iondon aren a8 vell gs to seven more within reach
of londone. 4 complelely new series of concvri-ent mocsurencnts of skin .
tenpersture and of swent rale ‘.begain in the spring and contimzed to the
cnd of the year. A pursuit meter of a new design ves comstructed and
on ghout one hundred occasions performnnce meseures were obtained from
éurgeanm At the same bime, tho thermal questiommnire procedure was
contimied, and this formed ab all times the main pert of the survey, for
vhile it was almost clways possible to take the readings required and to
interview the surgical team, however briefly, the veriations of plon and
unexpeched continzencies that are momal in surgery often made it impossible
0 do more. At all times the deta collection was altered to fit in with
the progress of the work, even to the e:atent_ of cancelling it altogether
if an energency ocourreds At 1m0 time were unrossonable requests made
of surgeons, gnd in this way a very great deal of co-operztion was in
fact obtaineds

%e 3o Instrunentabion.

Heasurenents of the four main thermol porcmeters - teuperciure,
hveidity, sirevelocity and themesl rzdiation « were requireds They
were to be related to the themal sensation of the members of the
surgical team, including the enpesthetist, and chould thus be token a8
close ag possible to the person to be questioned and to the tine to
vwhich questioning would refer. Thus readings would be token very close
to the table, ot different hei.his, and during actual operationss The
$ime ovaileble for such measurcments would often be very limited, for

they were alwsys to be teken during a quiet period in the middle of an
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operciion, after the initial movement of stoff and before the incréa.sed
activity é:'c thp closure, This period could be g8 short as ten mimutes
éven in e thirty minute operciion. As “far o8 possible, menbers of the
teon were to boe queétioned e_'wxy'two hours, or -i;w:i.ce in -a foﬁn-hour
session, It wonld usually be ﬁoé;ible to foresc;o thé approximate length
of oach ci)eration end to seleet the longer 0pe.rations for moasureacute
Fox eaéh iaex‘son, sebs of readings of the four thermal varicbles were
requized nt helshts of 6 ffey 3 fte azd 6 ins. ebove the floor. The
three s::t:s of roadings tsken aé close as possible o the crouvp at the
%able cmﬁd be us‘ed for gll those in tho groups One set of resdings vas
to be talmn within the central group, on the table and clo:::c to the
incisions A i?urbher throe sets of readings were to be 'bakan nesr the
enposthetist, that is at the periphery unless the theatzo vias umususlly
loxpes

It can &b once be seen that conventional instruments would not be
capoblo of fulfilling the cbove requirementss Telther the vhirling
hygroneter nor the kata '.bhemomoter could be used within the central
group, because of the risk of bresch of sterility by touchinz the towels
or the govwns, or indeed of causing injury to the surgeons in the case
of the hygrometers In addition, the bimc required for these mecsurements,
vhich could nmot be token sirmlianeously by one person, would be too long.
The globe thermometer, cvon in the 'accelerated! veréion of Hellon and
Crockford {1959), would take for too long %o reach a rending, ond would
be too bulky g8 wells

Various forms of instrument were considereds To mininmise the actual

work of writing down readings, it wos decided to record at lecst two of
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the four e;utcmticall&. To decrezee the time consiants, & considerable
dezree of minituarisation was clearly reguired. The sensing elements most
suiteble i‘or emall, highly portible npparatus were thermistors, available
comnercielly in many foms, and eveniually the solution adopted wos to
base oll four messurements on battery-poviered circuits dncorporuting
these olenents.

The q%.esaign otudies for the instrusentation were ecarried out in

1963, bef{;re registretion for this thesis. The work was done unde? the
supervision of Dre 0.i. Lidwell, who was responsible for the finnl design
ond oonstimc*bion of the equipment, end 2 report has been published by
Lidwell and Yiyon (.1968).

3« 4o Thermometers . ‘ :

A forn of venbilated Assnon thermometer commercially avpiloble
(*Hycrophil! « Ultrakust Gerflbebau) was chosen as tﬁe besis for the
equipments It is in the form of a pistol, “in which‘a. battery opeorated
fon draws air along the "barrel' from o precisely determined messuring
e.raa%t the tip, causinz it to psss over two glass-cncosed thermistors
waich ore completely shieclded from thermal rodiation by the shiny metal
casings One thermistor is dry, the other kept wet by means of a wick
leading from g dlstilled water rescrvoir. The cncasenent in gless is
such thet the very fast variniions of tempercture found vhen naked
thoraistors arc exposed to a high velocity sre smoothed out, while the
time constant resains adequately shorts Tither thermistor con be included
in a bridge circuit, end three ranges are provided for eachs The bridge

circuit ond meter ere located in o separste cosin. comnected by o 5 £t
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cable bo the *pistol¥s Groduntions arc in 0.59F. steps; more aecumfc
neasurcnent is rondercd negninzless oy ":;he vorictions of this order that
take plocy in seconds in the turbulent gir of an occupied thootres, The
timo to rc;ach & dry~bulb reading is only five or ten scconds, vhile the
full vet«bhulb dopression is reached afber twenbty to forbty scconds, depending
on tho magmitude of the £imnl depressions The *pistol’ part of the equipe

ment is light cnowsh to pe held steadily in position for two or three

t
2y

mirmites, .:md the noise made by the be bery-povercd fon is very lov.
’i‘lze(fha:'ref‘t' can be extended by neans of o 10 ings lén'g'tll of ftube, so that
then hem: at omte length the point of messureient - the $ip of the
extendod barrel = cen be three fect froa the observer.

- The gnemometor and zadiometer were constructed in such o way thot
their sonsing elcments could bo locatod st the tip of the thornonetor
barrel {Fize 341.), comnected to the necessary mesouring cireuits by a
multicore cazbles These civculbs wore comanientlé' located togother with
the meber port of the Assman thormomoter in o single chossis that wes
gupported by o obrop ound the neck of the observer and carried ot walst
holght neoinst the body. (Pice 3¢2e) then not in use, the pistol could
be placed in o vock on the front of ﬁ:he‘ unit, ensbling the observer to
write down the readings obiteincds The unit conld comveniently stend
on o toble or shelf ot the periphery of the theoatre in belveen sels of
mepsurcnents and vhile attaining thomel cquilibriume 4 ngise neter wab
clso incorporated in the cssenbly, usmg o desk rmicrophone end the
tronsistor amplificr of the rodiomeber, the outpub being recorded on the

poper charbs Recdings were token during represcntative operutions in
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nearly every session vhile the instrument was thus stonding b the
periphery of the thestre. A description of this part of the instrunent
and of the results obbained is to bo .f,‘omc;d os Seckion G.l. of this
thosis,

The assenbly of instrunénts and the construction of the ancuometer
and rediometer have been fully describod by Iidwell ond Tiyon (1968), so
o superficisl descripbion will sufficc hercs
3¢ Ss Anenomelbors

In oxder thot the sensing element should be both exirensly smpll
ond nonedirechionsl, o noked thoraistor bead wos suspended by ibs leads
in g Ywsheped support. The boad wms heeted electricelly to o temperature
wiell in cxzcess of gublent 'bmpemturc,‘, thus renmdéring corrections for
gnbient teaperctuore chanmes umecessSarys The change li’l reas:?.hste;nce of
thoe bead vhen coovoled by oir velocitics f£rom 5100 feet per mimabc were
neacured by mecns of the ogt;;)fnbalanc;c current chenges in a reslstance
brid; e, the bead forming onc of the four ornSe A meroury botiery provided
the necessexry volboge, end the current, vhich varicd aimost linearly with
air velocity in the ranse used, could beo measured cither on o moving coil
meter or on a mindsture poper chart recorders Before coch series of
necsurcnents the instruscot was colibroted by balancing tho bridge at
zero oir velocity and constant current. This was zcconplishdad by
onclosing the element in o box, and odjusting both voltoze and balancing
resictence in an itpra’cive sequence, using the moving coll meber to monitor
firgt the current through the thermistor, then the ougeof-bzlence current

in the bridge, vhile sdjusting the former to o pre-set velue and the
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lotter to gero, The sensitivity wao chosen so that 0-100 MA on either
neter or recorder represenbted roushly 0-100 feet peor mimte air velocitys
Calibration curves were obiained every four nonths by uvsing a small

-

wind tunnel b0 compare the recdinge with thoso of 2 stondard instrument.
A pradual clionge wos observed in the becd choractorictics, thousht %o be
due to the burming on of fine édust parbicles.

The eleucnt was held gbout 1 ing. above the tip of the barrel, well
clear of the air movenomt gencrated by the inboke of air to the barrel.
It wos encloped in a 1 ine dismober spherical wire cage, with only four
voerbical bands and one horizontal, sufficient to provide proteciion
ageinst oceldentol domnge, but not sufficient to interfere in avy way
with readings of gir velocidy. It is true thot o very shaxp Yshadow' could
be cost by o wvire vhon the instrumcnt was wndergoing calibration in o
lomingy flow wind fumnel, bubt this was gvoided in calibrabion and did
not avisc in nepsuresents, since no such accurpbely divectionsl flovw wop
1o be meosurods It wos found to be possible to ovoid opurious rendings
of air velocity duc to unsheady positioming of the ivstrunent. Reudines
werce obicined o5 low as 5 feel per nimbe vhile the instrumont was hande
iields Below this velpe the outeof=balonce current was negetive, and
$his formed an effective threshold for the instrument thot vos nob albered
by unstecdy positioning.

me interest in comnection

3

The variability of the sir velocity wes of
with the question on Yatufliness'! asked of subjocchs. 4 measurc of this
quant ity was obtulned by considoring the ocepsions on vhich air velocity

was measured conbirmously for over one mimtbe. This only occuvxwed ot
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headw-height ot the table, vhen the instruments wore in position for an
wnsuslly lons tine to zllow the radionecter to settie to o larme rending
uwder the operabing lomme 'i‘hus only & proporiion of tho date could be
uso&.r Voriability in thesce cesces wes recorded os the overnge devintion
from the neon, regerilezs of oign, in foet por minute. o defimite form
could be posuned for the distribution of alr velocity aboub the meang
in some ¢ases it was cleorly blenodel, oscilloting betmeen two velucs
in a tvrbulent fashions It wos folt thet the avers-c doviction gmve an

.

mnembiguous, sencitive messvre of veriability, theorees the standard
devietion would have becn iunsensitive, ite vec justified only if the.
distribution wore uormals
3a G» RBodiomoctor. . ; [ '
The basic difficulty in desiguin; this ins’smmenﬁ can be bricfly
toteds . It is thoet in onder to register quicklys the sphore onto vhich
thomnnl radintion impinses muct be very snally  the cooling offect of |
oir movenent on a sphere that iz smell cnoush = abows 2mi. -in diomcbor -
is so grest that the tevperature difference bebween the sphere and
$he alr surcounding it is both unsbtendy and too smell for cccurato
aoureiente . The solution adopled wee to enclosc the 2mme sphere in e
1 ine diomeber polythone tubblee This olloved themmnl -radi;ation ‘o
inmpinze on theo cerﬁ:ml ophore, yeTaing very Jj:h‘bleb i‘dse.hi", Vand reduced
tho coolin: effect of alr movenent to such an exbont thot the eir:
velocity correction for tho ingtrument was alrost idenbical with that
for ¢ moraal 6 ine. unshiolded sphore. Polythenc is uwnusval in that it
$roansmits rediction to & unifornly hish exbtent over o very vide ranze of

a
wavelencihs (Schulze 1962). It has been used on o lorger scale to chield
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vholewsly radiometeora fra;a vind in metcorological cpplications, though
These instrunonts hove o 901id ongle anccoptonce of only 2 v siererpdions
(vurlz 1959). The support of the prescnt imstrunent wes offcctbively a circle

of diomoter & in, ot o distonce of 1 in., cubiofding o ocolid angle of

t

only 0,0039 of the vhole sphorey 8o thg rolid ainle accepbonce of the
. & y - g &

%
2
Re2ad

ingtruacnt wes offochively 4w « Tho $phere wee ot the end of tho barrel

’

of the sosmon thormomebor, supported lmrizon"salqu by the thin wire acabers

of the come on thiich the polythiene bubhle uas fised.

A A

The teapexture of the 2 ma. sphere, which o bloc

-

i oond conbaired

-

o theraistor elenent ab the contre, vee mecsured cleckricslly by mecus of

o 2 Kz £C bridpes  Another thermistor, cxposed to the air but shielded

.

fron themal rdiation by o silvered covery formed one omm of the resistence

bridge in order to coapensabe for dlfforent cobient touperiiuress The oube

H

- -

ofwbalnnee currert of the bridroe was omlificd by mesns of o trcestoge
(5] h h =]

-

tronsistor aoplifiery ond the rectified £inal curront wos mensured on

either the meber or the recorder roferrel 10 abovee Defore esch series
: .

of noncurencnts, the i’nsi;m:u«é%xh s placed in & nmebal box, there the

rodiction tewporoture vizs equ:ql to tho cir temperoture, cnd alloved o

reoch e@ilib::ims Theo bolonce of the wpidege ond the gnin of the amplifior
were adjusted to s-t‘anc“‘z.'zrd volues, ucing tho neber o menitor the 0v.~1;~of~ba1aﬁae
curront with ond withous o stondoerd resistunce switched inbo one am of the
bridee in parcllel with the block bend o siimlote a chianse iz; resisbonee.
The equilibration time in the box mas zebheor long, perticwlarly shen the
instroent had been brought in froa outside on ¢ cold doy. This weo due
partiy to beaperabure offects on the amplifier; 1t weo not tonperature-

componsatet since it vas intended for use in o tewpercture conbrolled
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orvirormments, The silvered teapexciure compensabing themmistor wms rothor
more maseive then the blacl boed, due to its covers An improved version
of this rediomeber, doscribed by Iidwell and Wyon (1968), incorporates
a smell, ropidly reecting cir temperubture compensator in the nir streonm
of the fssman thernomcter, well shielded from direct rodiction.
Albernotivoly, the black beed $eperiurc can be directly estimated
using o stepped resistor. It vould probably have been bebber in the
precont survey to hove omltted the compensator in this way. Calculation
of the rodiant excess tempoerciure could then have been carried oub
dirgitnlly usin: the independent moasuremoent of gir tempercturc obbained
simulboncously on the Assnan thermometor,

This wos the method adopied for air velocity coapensabion. Readings
of pir velocity wore alueys teken at the sane time a8 the rodiomctor
resdinsg, A correciion curve was derived fron otperineonts in o wind
tumnel, snd i% vas found possible to £it an cxpression of tho forn
E=o 4 b log Vy vhere X 15 the corroetion foctor, v is the alr velocity,
and o ond b ore constonto. Tho corrected rodiant oxcess temperciure
vas then obtgined by dividing the resding in micropompeores by this factor,
which ranged £roa 1 to 065 with incressinz eir velocidye. Uncorrccted
roo¢ings were used in dabs trenceripbiony and punched onbo Hollerith
cards, the cor-ection taking ploce st the stoge of computinge Thus the
exprossion hed only to he written once for it to be performed 2,500 {imes
o o Ytransgenerctiont in gtorose prior 1o cach conpuber analysis.

In spiic of the varieoble cir velocities wsually encountored, the
reading of the radiometer was steady, enabling en pccursie reading to be

talens Az the incimument abdtoined equilibriun during o mensurencnt,
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the reading was displayed on the paper chert recorder, btogether with
the reuding of air velocity., (The recorder was o comnercially arailable

pressure-sensitive paper model (Azhrobe DL100), modified to have two

channels. The necdle was fre"e swinging, pressed sgeinst the p@:pez-

from beneoth every 4 Bece A mﬁ:hiaturc suwlitchine deviéie caused jthe
rodiometer o be comnected for tﬁ?ee successive rcudings, the anemomectear
for two, thus automaticzlly coding the tvo valucs.) The observer wos
eble to wetch the radiometer reading settle to o stesdy value \%hﬁ.le
monitoring the simulianeous recording of air velocity. Thus tho $ime
for epch reading could be minimiced and the influence of sadéen chanses
in redistion tempernture (vhich wore reve) and of sudden chances in air
volocity conld be seen ond the procedure altered to tako scéount of
then ond to oblain a meaninsful set of readings on each occasion.

' Tho radiomcter reading' could vaxry from - 30 to + 70 microanperes,
and the final range of corrected radiant excess temperatures was from
~ 1.5 50 + 11°P. The highest rocdings vere alwoys q‘bi;.ained at the
level of the surgeon's head, in the direct besm of the lamps. The
rezding benecth the lonp ot this heigit but out of the dircct beom
vas usnlly gbout half this value. The time to obiain o rendinz of
+ 30 microamperes was gbout two mimates, but readings less than this
btook o shorter time. The roforeonce nuzbers were writien onto the.
peper chort to 'identify the recdings and link thea to the sppropricte
notes and tle readings of vet and drye-bulb tcwpersture thot were
vritten down by the observer ot the seme times The transcripiion of

the rendings so obiained was a very lensthy procedurcs
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%e Te Documentation.

The fora of analysis deber.dned the woy of rccoréim the detos
The basic unit of informabion vas chosen s a Yperconmoccasiony,
each sucqh:uni'k to form onme case iu the mltiple regression annlysis.
Thig chéice wes made necessery by the observetionsl moture of the
mcpexi:ge%t. Very scldom do iwo nmembers of a sursicel tean have
identicol czpéricnce of o session, and it was thought that by taking
careful sccount of differcnces in the mxaber and typo of operctions
obtendod, in the length of {ime spont at tho toble, in clothing and
siniler foctors, some of the variability *botusen peopla' and
between occasions for the same person, could be explnineds It was
rot possible to treat & Yporsont as tho basic unit, s therc wos no
way of ensuring that each porson would be encountered tho same mimber
of timess In the event, more than half of the subjocts were encountored
only once, vherens sope were encowntercd as many as ten timese

.4 considercble gmount of duplica.‘cio;x of data is implicd by this
choice of basic unite Plrstly, o set of readings of the four thermal
varisbles tsken ot the toblo must be used for all those vho were stending
ot the tcble when the resdings vere tckon and vho were subsequently
- questioned about that periods Recdings of noise and counts of the stoff
movenent must be used for all those present; dates, theatro end hospitel
identification were tho sasme; reeodings relating to the ocnviromment
cxternal to the theatre apply to all woiking et the time in the thealbre,
ond o0 on. Individunl accounts must be prepored of each person's cie
‘ peﬁcnce of the scssion and of the persomnl deboils of age, Sox, Tace,

build, heicht and clothing, 1In proetice, such o clerical exercise is
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out of the question in tho course of éttendins ond keoping track of
the progress of o scscions There is usunlly novherc at 2ll to do
papervoxisy even for the surgoon, and one is kept fully occupied .
eccounting for the surprisingly large numbers of people walldn: cbout
a thestre {sonetimes a8 mony as twenty individunls would en’cer and leave
durin:; o soasion), italking the reedings, recording the dc'baila end tincs
of the opercbions performed, intercepbing and inberviewing the staff,
The only solution wes to vrite down cveryihing only once, in the most
convenient woy pocsible, on forme thot could be £illcd in on a 'hande
held clipboard, ond then to perform the duplication at o lator sboge.
This *sélﬁtion was odopied rcluc:tarrtly;: T would have been preferable
to be ablei to punch the reoords ‘divectly from the field sheetss Special
suary cards vere prepered, ani the dnte mrme:\;‘ci‘; personeoccesion vas
brousht dogether on those cerds in ¢ form euitabls for punchinge

Since the ficld sheets formed the framevorl: for the siandsrdised
collicetion of date, it is sun oble ot this point to considor ocach one
sevaretely in mufficient dcte 41 b0 show whot dote wae collected am how
it wos recorded in o neanivsful weys Txooples of the f£ield chects used
zre ghovn o8 “::st. 3e3e=3+ 10« The hospital, theatre, dato ond session
vore alugys writton ot the top of ench cheet in the space provided,. ond
o conpleiely new et of sheels vias used for cach separnie Gessions -

3¢ Tv 1s Opcration Dotee (Flee Fe3.)

The noae of ‘exch operction actunlly peorformed was writben dowm
in the way it apposred on the operching liste The sbart and finieh .
times were writter down to the noorest mimbe. 2An oneroiion was doened

to stort vhen the skin preperction was applied, since this navked the



& 88,
stort of the sterile procedurc ot the wound site. Sinmilarly, it was
deened to finish ot the'conclusion of the shorile pmcednre, usually
‘vhen the dressing was applieds Both theso ore definite events, vhich
cen be exochly timed, The mumbor of gerubbed s8tafl ot the table was
recorded, ami if on oboorver was govned end Standing with the table
steff throushout en operciion, he &lso was includeds 'B@;'mg each
opcxgtion the ocmﬁ*x'ence:of tmiobaizes! mnd Yeomplicotions' was recordeds
4 *mistako’ qu desmned to occur vhen any uninbtended incident interrupbed
‘the ép‘efﬁizzg procedurc. For cxauple, if an air’cyiin;ler failéd in uge
end g&tzaﬂiw@d o pause while it was replaced, oi" if o necodoaxy ins:bmq

“

ment was drorped, Qccasioning a peuse while it wos re-sterilised.~ If
gither of these haﬁéemd in & voy not causing disturbance or dclay 1%
ffas-i@.ored. The drorping of an instrunent such as o skin ‘élip,
renlaceable et once from tho sterile tray, usually couses mo disturbonce
at. o3l ard would not bez‘recordéd as a mistokes A fcomplicobtion' was
decued to occur if the operabion ot any stape becoae more difficult
than had been expected, nocessitobing further surgical stepss Thus if
an arpendicectony rovealed corcinoma, or o pobiont went into cexdige
foilure, o coaplicabion was wecordced, bub if a laparobony revealed
carcinonn it was noi, since this could have beon one of thoe possibilities
exvisazed by the surgeon vhen starting the operciion., The purpose of
rdcordirg shese two rather aifficult items was to imvestigate thelr
effeoct on the surgconts perception of the thormal environmuonty not in
oy sense o record nedioel deta per see  In addition, estimabtes were

‘made of the 'emotional tension' in the theatre, on o thrce point 'iense,

mwrmel, relaxcd? scale, amd of the *teapo'! of work, on o threc point

P
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thurried, normal, slow' scales It vas found to be curprisingly easy to
make these estinntes, vhich in oll coscs were relebive to the normal
comditions for that texa in thot theotre ond not fo any cbeolute
otondnzds, Thus vhen o curgeon was recorded as working slowly, he may
sti11 have been working o grect deol foster than another surgeon recorded
as hurryinz, since specds of vorlding vary so miuch bebrveen individuel
sursecons. The purpose of these items was aspin to sco vhether these
frcebs of behaviour on o particular occosion counld be shovn to influence
the perception of theenviromont and thus perhaps gecowmb for some of
the variation found between cccoslions for ’%;ho‘ 8ome PerEolle

On the same chieet the noues of the siaff prescnt wore recoxded,
and o revord kept of which operations they had ab-cndeds Spaco wog
provided for swmarlsin: thesc deveils into o reconl of the *scssion up
to @' (questioning) for coch person. The summarles vwiere propared ob
tho stoge of compilation. At this point each operniion vias classificd

3 mojory cvorere or minor erd assicned o *difficulty categoxy' of
2, 1 or zero respectively. The eategories wore hasod on the scale of

charmes for nrivobte surpexy recomaended by the Itinlstzy of Health

P

(statutory Instrument, 1953}, ond naturelly meny objeciions con be
roised 0 measurins the difficulty of on oporation in guineoss The
foet is thet o sunposedly ninor operction con tvrn oub to be of
excepbioncl difficulty, and vice vorse, depending on somebimes quite
minor feoturcs of the ook and on the particular skills or experlence
of the surceonm. 10 sobisinctory ostiante of the difliculiy of an

oporction coan be made, certeinly not by on wngualified observers Ab
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the poae bimey it was folt that it would be less thon useful to ask
the surgeon hidseld 1£ an operation hed becn difi‘icﬁlt,' since the
oPeply would have depended on the porsonzlity of the su.’:géc)n and on
nis obbitude to euck quesbions, |

Por coch person-cceasion the cuminry consisted of the dummtion

in minutes of the totzl opernting time up 0 ques iozing, the tinoe-
weichted menn Gifficulty, the tobel mumbor of mintakes ond of complicae
Jions ocourring in the operctions completed prior to questioning,

Py

the appropricic 'iension’ and Thempo! estimabes for the poviod, and

the tinc-veighted nean mmber of sexubbed stell ob the tobles Frequently

!

$he sone summary could bo used for o muber of peeple who had oll been
precent for the scpe opersbilon and had oll becn gucstioned atb the

saao bime, but in o long list o orest rmumber of cozbinations woere
possibles Thoso represanted xeel diffcronces of o::pcxienée, hov%ever,

end it was thorefore considered worthwbile to 0 to these lensthse

3s Te 2« Physicol ilossurcicntSe

On this sheeb vore roconded the messured dry=bulb tepersture

" ab each of three heirhits above the floory ot eoch place ond exch time
a ool bs’;‘ roudings was toione The ogcosion was idontified by moons of
.'i;hc cet tine and Ly mecns of o brief mote in the space provided, such
s Yaltor oporation 1Y or 'dwring oporction 6% The mrbors I to IV
identify reudings belonging to the smae seb, widch nmoy have beon tcoken
ob slightly diiferont dimes bui were imended to cover the same poriods
At head heoight ond within the control group (fon tabld), the wetwbulb
tespercture was clso nonsurcds  Space vas provided oun the fox::x).{'or the

Teodings o alr cpecd and of rxudiani oxcoss fcaaperziure thaot were always
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taken ot the szae time as the tempercture recdings. These wero writton
auwtonctically on the paper chort and were interpretod and tronscribed
ot the stoge of compilations At the tine of mecsurenent, ar. identifying
lottor wes writien on the chort ond in the appropricte colwan on tho
formy so thet rendinss co:ld be linted relichly to the corrcet $ime and
teaporcivre, The conpilption procedure iimvolved deriving the relative
hunidity f£ron the temernture roadings ond trenseribias the chart
reodings onbto thie form.

The chard recci‘ngs of madient excess teapercture vere ecsily read
off, since the recdin:s wore alvays contimicd until o sbepdy veluo of
rodiant encess beaperpiure hod beon reached. They wore reed in micro-
amperes ghove or below the experimentzlly deterninod zero, and vribdten
onto the form ag wcorrected values of rpdinmt cxcess f:cméomtmo.

10 microgmperes being vritten os 1F9, Thus {hey were reconded $o the
DOLTCSt 1/16 F° ~ not becouse thay were as accurate oo this bub becouse
they were to be correctod aigitally for gir velocity, ond rounding-off
ez'mrs would hove beon introduced hod this nob been dome, Vhen codings,
threo degrecs Te were oddod end the decimel poimb removed, in order $o
evoid neepbive veluss and 50 o8 to bo ¢ble to punch cach rending in

only two columms of o Tollerith card.

]

The interprciction of tho alr velowvlly roadinss presented more
problems. In gonersl, thce separzie readinzes wore reod off and their
mean déﬁemﬁ.mﬂ, but wiere systewmbic varietion was present, the £finnl
oir volocity recched vos used becouse it wos this veluo thot wes

ascosiated with tho equilibriun valuc of the rodiant cxzcess deuperature,

end thus this veive that would be uscd $o correst the radioncter
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reading for air wvelocity. The mean variantionel air velocity was
deterained vhore approprintc, as has becon mentioned chove, but in the
najority of cpges too fow reodings were oveilpble for o relizble ostiw
note of thdis quanltity bo Lo modes I3 tos expected thotb air veloeity
uwould in the theatre situction be o veriabdble hoving iittlce thermzl
sizmificence, since on other groumds gir velocibies are kot os low
o8 poocible, ond thic turned out to be the casce Thus it was not thought
necessory to be too rigorous in the meccurcaent of air velocity. Teverthe-
lose, oll recdings were corre Yod according to the callbretion curves
obtsined porledicplly froia vAnd-turmcl exoérimonts, in oxder $o ovold
introdueing systenntic crrors. ‘,;:,}Eb.ch sé}.»:rra‘l:e rc: ding of gir veloclty
was probebly accurate to within one of two foot peor mimte, but the,
voriotion aboult the meon could be as hish as 50 per cenbe with poch
low air volocitiese The readings of pir veloelty wore enterod as feet
per wimube in tvo punched colums for coch volue, In the handful of

ceses vhore the mecsured ond correeted value was over 100 foet per mimtbe,

$he ficure enbeored was 93, To volues were obiainsd below 5 fect per

o 1

mimbe, for the resson refcorzed to in the éiscussion of the effcckive .
threshold of the instruaent, ond thic cacured thal the correction
fackor for the radioncter, which imvolved the logarithm of the oir
velocilty, reanined within reasonsble hounds.

I9 two sebo of rondings hed been taken prior $0 questioninz, the
séeo.nﬂ. sot woe alsays boken, o8 the questioner hod alweys requested the
s.bject 4o refcr his gnswers to the loter port of the scssion if he
felt thet that woo different froa the eorlicy port, or if the rocdings

A 3. 4

indicoted thot o morhed chense of thernel confitions had in fooh teken
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places  This happened vexry infrequentlys
ﬁmxg;h neasurciaents of li:ht velues werc token in some theatres
and recorded on thesec sheetss Some use of them is mede in Section (10,
vhere the messuring technique is nlso describeds

e Te 3s Personnl Doto  (Fire 365.)

For every manber of the surgicsl temn presént durin; o session,
¢ swmary of personal detulls and clothing was conpleted os one row
of this sheets The subject's name, 'status' (surseon, sesistant,
scrubbed murse or annesthetist) nnd sex wore vritten dowms An estie
mate of age wos made, later to‘ be grouped to the necrest five years
for punchinge It was ususlly possible to be a8 accurate os this,
The subjects® race was vritten down as one of six broad cotegorics, but
in the analyéis distinction was mede only between *Horth Rurcposns' and
others in order to have sufficlently larse groups.l The build of o
subject vas nssossed and writien down as one of five colegsries {£at,
thickset, normal, slim and thin)e The populstion aver.ge wos subsequently
found to bo very close indeecd to ¥normal', so apporently any mazked
bios was avoldeds Similarly a subject was ¢lassificd as ghove, cqual
%0, or below noimsl heishte Such estimotes are not diflicullt to moke
with & fair degree of relisbilitys. If the subject was wearins glasces
during the session, this was recordeds Detzils of clothing were recorded
in vwordsy informal questioning during the intorviev served to elicit
detoils of extra itoems thet were not visibles As mentioned :«:?éove, femnle
staff were usually guestioned by o mirse, nmale stof£ by the authors

Theip ciothing detoils were coded onto five columns of the punch card.
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It loter proved to be impossible to decode the dote into a usable for
by meens of the transgonerotions that were availsble with the multiple
regression prograns This wes o misteke, due to a desire to retuin all
tho dotoes A special prosren wos vsed loter to decode the date onto
a thi::ﬁ card in the form of the mmber of layers of lclothing and vhether
an apron waes worns This forn of recording would have beon betier in
the f£irst ploces

3¢ T 4o ggsgonaes (FPize 3e Gs) .

This sheet wos completed while interviewing each subject. The time
of questioning wes written down, end the occasion {c.g. 'after operation
two') to relate this data correctly to the relevent details of the
session prior to questionings The subject's nome snd status were
Tacorded, each subject being sscigned o block of four rows in order
to keep togebther the recoxrds of successive questionings. In prac;tice
a subject was rarely gquestioned more then twice in o session unless it
lasted oll doys The cvernge durction of the session up to questioning
vas 120 mimates of actual opersting time.

The resulis of the inbterview consistod of five 'votes' on multiple
choice scales, one obscrvotion ond four ‘opinions' in the form of
Yyes or no' ressonscs to direct questidns. The sequence of questioning
is shown in Table 3el. It was strictly adheved to in wording and
sequence, and litile supplemenmtery exnlanation wes necessary to make
clear to subjects the meaning of the questionss Sometimes it was

nocessary to enphasise that the gquestions referred Yo the subjeci's
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omn subjoctive gensations end not to some supposed optimam, A4S
mentioned sbove, if the subject expressed the opinion that the
conditions hod changed during the session, he wos ssked $0 refer in
his replies to vhe later pari, vhich was usually f'elt to be more
streeéfu).. Actual changes of conditions occurred -very scldon indecd
end questioning was usuclly deloyed until conditions hed been steady
for at least an hour to gvoid ambiruitys. Core vwas token to leep Sube
Jects wnaware of the cciual tenpercture or humldity, to avoid the
dengor of obtaining only o wiereotyped responsc to the figure iteelf,
Thermomebers in the ﬁzeatré 'were eiémer removed or turned to the wall,
electrical thermomebers were switched off, and if these measures
proved impossible, doubt was caost on the relinbility of scuch instrue
ments, 1If direct quostions weve pub about the Tecdingsy it was explained

thot for the purposc of the experiment subjects should not know the
.‘actual fisures before reporting their subjective sensations, and no
informotion wao given until after questioninse $The discrepancy betweon
the supposed figure end thot :Seasured vas comaonly very greszt; the
mpjority would hove sutomcti-ally snswered 'too hot! if they hod knowm
the tempercture was above TOPF, theress in isnorcnce of the exact
reading quite larpe numbers were subjectively comfortcble up to 80°F.
This was a crucial part of the experiment, and nezlect of this aspect
could have led to very misleading results.
The rpiionale of using such subjective scoles has been discussed

in the introduction and the theormal scale has been extensively tested
in Section 24 The five point scales for 'Ystufiy/fresh' semsation pnd

for perception of air movenent have not been used in this form,
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end the results are in any co8o specific to the wearing of surgical
clothinz, in porticular o ms?_:b and rubbor gloves. It is interesting
that most people found no incongruodty in judging vhethor a thectre was
fobulfy? thile wearing o maskp The questioning took very little time,
ten queétions requiring only simple answers being sufficlent to obieain
tho appropriate score on each of the five scaless

Prior to end during questiomins, the extent to vhich the subject
vas sweating was observed by the intervicwor and moted in the cppropricte
space o8 the *P-estimate’s The scale is given in Teble 3.1 As subjects
viere cluays questionéd ﬁofore legving the 'bhéatré oi-'{ﬁm.mdi'.ﬁtely o,ftwer-
words, this estimabte does refer to their physiological equili’bmmn during
thae opemtioﬁ-.

The ques:i::i.ons on noisec, hmlid:ity, overcrovding ond [sta,ff movenent
vere thén put to the subject and the onsvers tyest or *not were recordeds
Any spontoneous remarks were also written dowm, end although no use
hos boen made of theso in o formnl way, they hove beon very useful in )
forming & genaral impression. |

1t was often convenient to question o surgeon vhile he vas serubbing
for the next operations In most cases, o more elnborcte guestiomnoire
would have tolten too longe By using only this brief, simple form of .,M
interview, lasting ot most a mimte, it ms poseible to avoid delsyiné, '
the subject and thercby reducing his williz;@mss to co=operate and
give considered replics. Amother cdventase was that one person could
question o mumber of people in tho rather short pauses betveen opérntions

vhen guestioning was &t all possible.



Zs Te 5 Envirorment cxbernal to thesire. (Fime Fe7s)

At o conveniont sitcro in the session, usually during e long
oPemi;ion vhen it was possible to lezve the thentre briefly without
losing track of the events, ¢ series of spot recdings of wet and dry-
bulb tenpersture were token in the other rooms of the theabre suite, and
of the ocutdcor conditionn, usually throuch & windows At the stage of
compilation the relative hunidity was derived and sumnaries mode up
for ench staff catemory of the sverage demperabture snd humidity in
the rooms used for resbtin: botween operciions, of the rooms from vhich
that staff cobegory could enter the theatre and of o1l the rooms entered '
by that category. Tor instonce, snaesthebtiste rarely“enhered the
sterilising roomz, which could be quitc hot, and curgeons raroly entered
the gnecesthetic rooms, vhich could be quite colds sSuch differences
could conceivebly lesd to éiffeorent subjective judgenents of the
temperature in the theatre, by contrast if not by thermal effect on
the heat balance. Unforbunctely these records wero not alweys token,
porticularly in the early psrt of the survey, and thus it was impoésiblo
4o include then in the main onalysis. They are anclysed by e special
technique for missing date in Secticn Geds

The outside temperature et 9 cems on each doy was written in at
compilction from moteorologicel records, and the mean tempersiture for
the preceding 18 dayss The ba_xome’cric prescure and tendoncy vere
also included, but no correlsbion with response could bo shown vith
over 2,500 pairs, so no further mention will be mude of thems No

consistent record of wenther ves Hephe
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3e Te 60 Surface tenperotures  (Figs 348.)

Recdinegs of surfoce temperatures in the theatre were token on a
nunber of oceasions in ench suibe, using a specinlly constructed
instrunont (Iidvell and Wyon 1968)s These reatings could not plways
be tcken at the sonme tine, and somebimes not ot all, They wore subject
to time ervors, therefore, and were unsuitable for dircet analysis.
They wore voed only Ho check that no gresi departure from glr temperne
ture was . gncounterod and that the radiometor readive in the centre of
the room vmé therefore e.”valid meaéurc of radiant heal exchanse with
the surroundings. This was alvays found to be the case, ond no
further reference will be made to these readings.

3 Te Te Stoff Movenent records.

The recording of stoff movement was done by the musc in much
precter deboil thon wes actuplly required by the thermal surveye The
dete wos used to derive potierns of stoff movenont and guentitobive
Yiroflic diascxroms? for different thentre loyouls in another conmections
The nethod used wes to have a 12 x 12 double entry form, and to assign’
to each door an identification muber, with edditiorel mumbers for key
points in the theatre. The forn wns enbered at the row cqmsyonding
to the door or position from tvhich a person moved ond o mark weo mode
in the colunn corresponding to the door or position to which the person
noveds Diffcorent symbols were used for difierent stafl catemories.
Very consideroble sitill and abtention was reguired to hoop an adeguote
record of the movencnts of up to fifteen pesplos It was only feosible
durin: actunl operciions, as beolweon operations there was tod much

novenent to followe Observabion periods usually lasted on hours
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For the purposc of the present survey, only fotal entries ond exits

per hour ani movenents within thestre per hour were vritten onto the
sauzoxry cexds referrins to eoch observation period, together with the
total munber of different people involved in the movenemd, isos vho
were ot some time durlng the period present in the theatre. The intention
was to investigte vhether thomsal stryess sffected the perception of
this aspect of the enviromeoent, ond vice versse The resulss ore oot
out a8 Section 6.2
s Te 8+ Swent rate mecsurcments. (Fize Ze9s)

This form wes only pertially uscés The swent rote dota was derived

and copied onto the swanary card approprizie to the period' of messureaent,
fron vhich g specisl summary of relevent conditions was made up, and
punched onto separate Hollerith cards. A descripiion of the technlque

of making thece mezsuresents con be more convendently set out in

Section 8, vhich denls exclusively with this part of the survey.

Se 8., The sumery ¢ords 26 S0 10,

The eight £icld sheets thot havé been described abbve in Sections
ZeTs Le=3sTeBes Berved to recoxd pll the relevant date. There remcined the
problem of compiling the *xav?! dnia into o form suitoble for analysis.
It has alrendy been oxplained vhy it was impossible to design the
survey sc¢ that punching of the data couwld be corried oub from the original
remx;dsg the sumnory cards were used to bring togother the felwézrb dete
Lor ench person-occcsion, code it mumerically and sct it out in o formeb
suitable for punchin: directly onbo Hollorith cardse It nsy be seen

thet the card groups the date inbo logiczl fields, clearly lobelled
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to foeilitate the $ronsference of deta from field shests to summary
cards Within the fields, the dota is arrensed in columns rumbcred from -
180 to corrcsromd to the columns of the Hollerith cords useds Within
each column there are two spaces, one for the ravw data and oné: for the
mumerical code that would in fact be punched. No coding was done in
tronsferring the debe onto the sumnary card, in order to ninimise errors
and facilitate checking. One person, n clericai assigiant employed for
gix nonths for thé purpose wrote in the date from ficld sheots to
@m corde, Thé suthor then checked every column on every carxd back
to the original records, working tcgethér with a third persoms The
date was then coded mumericelly into the adjocent gquare, in a differcnt
colour to evoid confusing the punch operators. Thus the ¥av data and the
code were imediately adjacent, and it was easy to verify the éodingw
This staze was renched chout five months after the emd of the deta
collection and the punchim end verificgtion took g further six weeks
for two operators working paxt times

The card was designed to group the dsta into o form foking as
. fow coluns e,sl possiblo. Even 50 it was necessavy 1o, use two 80 column
cards for eacéh bersoneoccasion', vwhich maéé card aérting very difi‘icult.
The two cands wére linked by means of the identification mumber in
columns l=4. Ivery subject hnd been assigned a threcedigit refeorence
mmber, end the fourth digit idenmtified how many bimes thet person had
beon guestioned previously. Thus & Yporson~occasion' unit was idonti-
fied completely by the reference muber. These sumiary cards vere

prepared during the first yeor ol the survey, ond in foet more than
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999 different pecple were eventuslly intervieweds The eloventh and
$welfth position of colum one wae punched to obtain the extro
reference mmmbers. Only tvo people were questioned more than ten
times, ond they were apsigmed neireferonce mmbers for the agl&itional
Toplies, thus retoining column four as s mumber between O end 9.
Cortnin key responscs were duplicated on the secornd card to molte
it §ossi.ble to crossetabulate then with the physical messurcaents
eppeavin: on thab caid by means of a card sorbing machines It is
‘arsupble thet it wounld heve been better to do all cross-tebuleiion
and frequency distributions by computer program, so that leader and
troiler (XapY) cards conld heve been kept together from pﬁnching
omiaxds, In fect, thoush preliminary sorbting tvas done on the
individual cards by means of a rendily accessible caoxd sorting
machine, loter crossetobulstion wes carried ont on the poired cards
by means of the B'Ds03eDa library progrom.

The need to use two punch cerds for each unit mede it possible
to dinclude 39 blank columns in the format in casec they were necded.
26 of these were in fact used, for such additional date as movenent,
season, veriation of sir velocity, a duplicated sistus vericble on
the ¥ card, etes Care was teken to avoid missing date in the veriables
40 be used for the main analysise Ib will be secn in the topics covered
by Section 6 thet handling incomplete date was considercbly more

complicatbeds



_ 102,
Toble 3e le

Sequence of guestioning Allocated score

S-Vote Do you think it is stuffy in the theatre?

Yest Slishtly stuffy or much too stuffy? L, 2

No: Is it too frosh?

Hos ‘ 0
Yest slightly or much toc fresh? -l =2

T-Votc Is the tempercturc comfortuble (et head height? T N

for your body? T 2
for your feet? T3
Yosr Is it idealy or would prefer it “1155!1‘!71,}‘
warper or cooler?

%mer “ 1
Weither; ideal 0
Cooler 1

Ho: Is it 00 hot or t00_cool?

Too hobs sliph’blyltoo hot_or much too hot? 2 3

Too cools g}ir&wly too cool or mich too cool? -2y w3

. E«Vote Tonld g,rozi like more air movane:it or less?

(Repeats Zﬁid you £ind it cither stacnent or o0

droushty?
More (stognont): Sli,ﬂhtly tore or much more? - 1, « 2
Neithor: \ 0
Iess (droughty): Slishtly less or much less: , 2
P=cstimote Foreheod dry 0
Forehead domp 1
Forehesd wet, beods of svend 2

Forehend wet, wilping necessary

AS )

Forehead wet and clothing web 4
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Toble 3o 1o (Contimod)

Sequence of gquestlioning Alloceted score

N-VYote Did you think it was (excessively) noisy
in theatre? o/1

HBeVote Did you thin: it wes (excessively) hunid
‘ in thoatre? 0/1

O-Vote Did you think it was {excessively) over-
crowded in thentre? 0/1

MeVote Did you think there wes too much movement
in ond through theatre? 0o/L

D-Yote Would you prefer (do you prefer)daylight
in theotre?
Yot 0
Ho; Indifferent 1

Prefer no doy-
lisht 2
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4e' 1, Introductions

This section dcscribes o mmber of techniques used in the analysis
of the dnta vhose collection end recording were described in Seotion 3.
Certein preliminmary results, that were used at an early étage in mgking
decisions on the form of the analysis, arc presented, but the mein
results, covering as they do a very brood range of topics, can more
conveniently be set out in separcte subesections. These are grouped into
sections 5 and 6 of the thesis, Section § deals with the main analysis,
for vhich complete doto was avelleble, vhile Section 6 deals with the
exoningtion éf incomplete data 6n yarious subgidiary topicss The methods
of analysis uscd in the exmaingtion of individual d:'.i’i‘erences,‘ objective
measurenents of sweat rate ond skin temperature, performance mensures,
ani preference for daylight, are set out in the appropriate sections
(7, 8, 9 and 10 respectively) as they are somevhat different in kinde

The ain of the main aﬁaly:?is was %o derive smltiplerregresiion
equations 1;11:3.1: expressed an eshimete of each dependent varisble in
terns of ps many foctors of the enviromsent es could be shown o have
o sigmificent effects The dependent voriables vere either the results
of sionderd sequences of questions or of systematised observetlons In
all casos they were me:sures of response to the enviroment cxpressed
on arbitrary sccles and it was necessary to show in the first instance
that these messurces vere normally distributed with respect to the
nain varicbles, especiﬁlly with respect to temperatures

4e 2+ Expninstion of thormal responsess

A large gmount of two-way sorbing was carried out on the punch
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caxds vhose preperation wes described in Section 3, The method of
probit enelysis was used as in Section 23 Graph 4.1. illustrates a
result obboined by this methode A8 predicted by the analyses of
Section 2, Bedford's seven point scale of thermel comfort did result
in normelly distributed responses of 'Hoo hott and *too cold' sgpinst
tempercture. Graph 4.2. shows that the 'MMiecn Themal Vote! is linearly
related o these probit velucs, a_ain in accordence with Section 2.
Similor linesr relationships were found for the other meosures of
mbjeétive response, ond they were therefore considered to be distrie
buted sufficiently close to normality for the purpose of the ananlysis.
Graph 4.3+ shows the relation Letween mean thermal vote af headuheigh:b
ond the dry-bulb tempernture. There is no troce of the diséonbimﬁty
reported by Hickish (1955) and discussed in Sccetion 2. Meon themmal
votg is thus seen 1o be o useful and onderly measure of response over
the full data rence, and is used as a wetric varisble in the rest of
the anglysis.

4e 3« Trestment of other vericbless

Then different caterpries of staff are considersd sepexctely,
as Groph 4.4, shows for surgeons end onaesthetists, consistent
differences axe seen in the response. Clearly 'stsffucategom*. must
be considered as & varisble, but as it is 'measured'! on a nominal
cole (Siczel 1956), it connot merely fake its place in the omalysis
along with n}etri.c vorisbles such as tempercbture or sir-velocity, which
. oTe mensured on inderval or even rotio scales, The effect is one of

congbant biss, or o shift of axis, and Iidwell (1961) hos shown a
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useful wey of deriving the correct value within the fromevork of o
mltiple regression anglysiss The presence or obsence of each cabegory
is trected as o separste 1‘t.n::..z':Lemle %cking the value zere or unity. The
rogression coefficient then appeers as an ad jusinent to the \constant
in the equation., The cotesories must be mutueliy exclusive. The sane
tochnigue is appropriste in the treatmcixt of fsenson of thé yeart,
thoush in this case only three vericbles werc used - spring, sumier
and cubuan - so0 that the reference condition became winter, vhen all
three *voriables! took the value zeros, A mmber of other mn—metric
voricbles were included in ozactly the same waye Among them vere sex,
race and the presence o sbsence of glapsses woru by the subjecte Aze
and durstion of exposurc were measured in yearé and mimites respectively
and present no problen. Build and height were estimoted variebles, and
the level of neasurement vas no more then ordinnl, but as both
arbitrary scales arc gpproximations to un&arlﬁxm interval scoles, they
‘hove been trested es mebric varisbles for the purpose of the analysiss

The form of regression equabion to vhich the dete woo fitted is
given in Sechion 4.4; it assumes o linesr effect for £ll metric

varioblese The sscunption was tested for the mein themel voripbles
in Section 3, and is probebly on accepteble gpproximstion for the
small effects produced by the mebric varicbles considered in this

sectione

4ebe Compuber progromse
The multiple regression gnalyses were carried out by means of
the computer progsran BHD.,O2R of the Biomedicel Series (1965). It io

& sequenbial anslysis by vhich successive torms are added to the
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equotion in the order in vhich they moke the greatest reduction in
the residual sum of squaress .The decision as to vhich verisbles are
Yoipnificant' can be made ot o later stoge by considering each
estimoted regression coefficicat in relotion to its Vaﬂance, or the
promm cen be instructed to stop odding variables when the ;'eduction
in the sum of squares folls below o specified level of significance,
The output incluces the mean and variance of all the veriables and
the correlation metrixi The form of the equation derived is
E = aX’,l + sz + ebce vhere B is an estimete of the dependent variable,
X3y Xp o+ X; ove inlependent verlsblos, and a, B, ¢, etcs ore the
calenlated rogression coefliicienios |

H

4+ 5+ Yapour pressure of vaters

It wos originolly intended to use relative humidity es one of
the principsl variablos, but exo-dnstion of ite effcct by means of
threcemey sorting produced the results showm in Greph 4% They suggest
the need for o crosseproduct term in doaperaturce end relotive humiﬁi‘?y;
this lecds to ombisuous results in o multiple regression analysis of
this kind. OGroph 4e6. shows thot vhen tho same data is re-plotted in
terms of vapour pressure, an oxpression of the fom Tji-vote =
87 + beVePs + etcs is approprinte. It wos thorefore decided to use
vepour pressure instead of relobdive humidity as o mensure of the
wober content of the gzir. This decision was teken reluctantly, as
relotive humidity is o more femiliar quantity snd is in fect the
varisble thet is controlled by most humidifying eguipments In

sddition, only dry-bulb teapcrature and relebive humidity had been



119
punched on the datn cards, meking it necessary $0 use o modifiecd Zorn
| of the Kirchoff-Reiﬂ:ine-Bupré formla to generate saturated vapour
pressure, and hence the vapour pressure is millimetres of MCTCUTT e
The formmle used vase

loge SYP = 20.810 = 9458 ’ vhere STP is
; 45931 |
the sobtur Sed 'fra.paur prés}sure in o, Ho., ond T 1s the dry-bulb -
teapercture in Falmerfaeij% degrees,» The pccuracy schiceved in the data
Con 4 ’

range wos bebier thon O;Qa nm, Hize This caleulation was corried out

H

by conpoter each time the dats wos useds

4s 6. Radiomeber reodincse ;
A similer caleulsbion was reciuire& in onder %o correct the rending

of the rodiometer for the eﬁ'i’cc;t of air velocity. An experimentally

obtained relation wos used, as given by Lidwéll end Yiyon (1§68), but

s muncrical appmm;%ion wes obteined grophicslly ond is ghown in

Graph 4e7s Tho form of the oquation viags .

. mre __ gt .
0722 = 04178+ -10Z34 V

;s’mere R = Rodiant excess bempercture in Fahrenbell degrees
| R* = Radiomoter resding in nicrosmperes
V = gir velocity in feet per mimibes
The rodiznt excess benperaivre thus obiained was used as an Independent
vaTiable in the regression equation, mmch as the redient excess temperc-
ture is pdded arbitrerily to the dry-bulb tempercture in the Corrected

Effective Tempercture scales (Bedford {1964)).
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4e Te plx velocitys
The effect of pir velocity ves o;porently very slights Croph

484 ghows the relotion betveon the percentoss of surgeons end
suryical assistants reportin: o sensetion of *unconmfortably hot?
ot hecdehoight sgeinst the pir velocity in feet per mimate, for three
tempercture ronges. There is no evidence for the inclusion of a Croste
product texra in temper-ture ond gir velocity, bubt equolly the cvidence
is not sufficient 0 decide on any particuler functional relationship
with nir velocity, I{owefer, tﬁere is o considerable smount of evidence
to sugrest that heat loas by conductionwconvection from the human body
vm‘iee c8 the square root of the air velocity, This is well summerised
by Lee (1958). This function of cir velocity wms used by VWebb (1959)
in deriving & foctorial equation for mesn thermal vote. AS has been
pointed out in Section 2, Vebb's mean thermal vote is not the swﬁa
s Bedford!'s meon thermal vote ao used in the present work, but the
reosoning behind the choice of the square root of the air velocity is
the same &z that used by Bedford {1964) in forming o similer factorial
oquations A loborabory experiment carried out by Turner {1355) on a
single subjeet lends some support to this choice. In this experiment
the subjective sensation cvolied by suste of air at different tenperstures
ond velocitics was investignteds It was found that the difference in
bomporature betwesn the surrounding air and the gust varied linearly
wvith the soucre oot of the air velocity for threshold sensabions of
warsth or colds Turner found thet ineressing the eres of elkin exposed
to the pust affccted this relationchip, tubt only for very small gress;

en aron of skin as great oo the 80=100 cm.z exposed by surgical clothing
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vas as sensitive as rmch larger arens of skin. This work is more
relevent to the perception of nir voloeity per ses then to the effect
| of )air veloeity on mesn thermsl vote, However, teking nll the
evidence together, it was decided to use the square root of tho cir
velocity es o mecsure of this factor in the resression equations for
thei‘mal TesSponsess

4e 8 Observed sweptings

AIn a@dition to obtaining subjective responses to thermal stress,
the iﬁtcxviewer mode observations of forehend swending every time a
'eub.jeci; was questioneds Ellis (19525 hae used observobtions of chest

eating made by subjects ‘ahem&elves, end Tebb (1959) esked subjects
to record the extent to Wieh they woere svertinu. In neithgr case
vas the result used in other than an 111uu'tmtive weye Houghbten end
Cook (1339) observed forchosd swenbing by operzting theatre staff,
-but the small mmber of observations (51) made their results of little
predictive value. However, bheir work eppecrs to be the most relevant
to thé present casa’, and provides a useful pilot study of the
fepsibility of constiucting o usable scalevof Ysensible perspirationt
for use in en operating theutre situntion. Assigning mumerical values
0 the cabesorics of observotion defined in Sectlon 3 resulis in en
index, denoted here ﬁy P, vhoce dependnnce on dry-buld temperature is
ghovn in Graph 4+9. The regression is essentially linear, the
enonelous point below 650 being due to only 41 observetions in the
total mmber of over 2,500, Most importantly, there is no tendency
Yo 'saturciilon' ot the highest temperstures encountercds OCroph 4410

shows the result of en applicstion of probit anslysis to the categories
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of Ps Agoin the results aore very closoly linecw, denonstrating that
the observations cre mommally distributed with respect to tenpercturcs
It is interesting to note thet 507 of the predominantly male subjects
in this sample were observed to have Ydomp'! forehends even et TOCT.

It was declided on the bosis of these results to use 'PY oo o
dependent metric varicble in o voy annlagous to the use of the mean
thermal voteoe

4 9» Special techniques of analysis.

4s 9e ls ‘'Zecardst,

4s deteiled in Seetion 3, the data aveilable for mechanicnl
processing wa.a contained on pairs of punchod cards in order to
accomnodate all the information relovant to ench cases For g mumber
of rensons it was necessery to 'gencimte! from each pair o single cerd
besring processed and selected date for particuloar purposes. These
third caords hove been called *Zecaords' os opposed to the X ond Y cards
of the originel pairss In practice, two sels of 'Zecards' vere
penercted for different purposes, bub no distinction will he nede
betveen then as the principle wes the somes Zecards vere gencrated
by progrem BiDs 09.Ss of the Biomedical Series (1965), by which o very
wido range of operavions ¢an be perforamed and the resulis locatod as
reguired in the columns of mechanically produced output cards., Input
cen be in the form of up to ten cords for each cases

The reusons for the use of Zwcards were the follovAngs

4e 9s 2. Incomplete dotoe

Certzin veriables, de:xlt with in Scction 6 of this thesis, were

incomplete in the sense that they werc mot rocorded for 2ll cases. The
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progsrens in use had no facility for selecting 2 sube-sample of date for
aralysis, 50 this operction hod o0 be performed by card-sorting prior
to anclysis. It vas pot possible to sclect sub=sanples of the peired
cards by thics method, but if 2ll the date needed for the anclysis was
transferred to the Z-cards, subesapling could teke ploce by sorbing

the Zwecards inbo inpubt packs for ench enalysis of incomplete datas

4o To_3» Predicted voles.

In oxder to increcaose the precision of the analyses of the inconplebe
dotcy they wore perforned for the most pert with Ydeviation from the
predicted vote' as dependent variables Theo predicted votes were the
values calculated from the re ression equetions obtuined in the mein
enalyscsy their coefficients based not on o subesaaple, ot usced for
the incomplete data, but on all the date available. Thus vém‘.ation
" due to varicbles that were alweys recorded ves romoved prior to the
analyesis of t:ﬁe effect of the incomplete dotue Tor this purpose,
rredicted votes were generciied for each case and punched on the Ze
caxis. ’

s e 4« Index teaperaburese

Prodicted votes can be uced. to derive an Index tenperature for
ozch combinntion of conditions; Index tempercture is defined as that
toupersture thet would under stendond conditions lecd to the came
predicted vote as the mensured conditionss This is the principle of
the Tffective TemperciuTe scale and of the Singapore Indexe In the
prescnt case it was thousht useful to choose reference conditions close

to the nmean volues observed in order to avoid unvreal extrapolations

The stenderd conditions chosen were 5050 relative humidity, meon radisnt
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teaperiture oguel to eir teapercture, and 25 feob per mimute air
velocitys The velue of the Index Teoupercture is linenrly reloted to
the predicted vote on vhich it is besed, so it was not nccessary o
generate Index Teweroture explicitly on the Zecards. Distributions
of response sceinst Index Temporuiure werc constructed by sorbing the
Zweards vith respect to tho predicted vote and the recorded voie
for cach. caste

Lo e Ds  Ieon theranl response, Tos

Some time afber the originsl dabo cards hod been punched, it
wins decided to combine the threc thermal votes obtained, T3, T, ond
ﬁ“‘s, into o single measure of themnal response. This wos defined es
T, = 3'/3 (gt 2, + ‘1‘3), and generated on cnch Zecords It would have
been slopler to heve included it on the original dats cardss However,
the resull of o sorbing operation on the Zecord pock is showm dn
Groph 4411, To can bo seen bo Toflect dn an orderly way the combined
thc;&zia.l responses ab ench of the three bodily levels, It cem, of
" course, only very in units of 1/5 for each cese, bub o particular
value of Tg con erise in a large muber of vays; for exemple
To = 11/3 = 3,67 can avise from votes of 3, 4, 4 (Wo discomfort),

5, 3, 3 {Uncomfortebly hot ia one oxen of the body) or even

6, 4, 1 {Uncomfortcbly hot in ome orea, uncoafortcbly cold in
another)s It wec found that only seven:ceses out of over 2,500
cxhiblied this Ycombrodictory' pottern, snd they were thereiore
discgrdode 4 tcomfort range! of Ty can be defined 58 2033 - 3467,
vithin vhich less than 507 of subjechs rerort any discomfort at alle

Quiside the range on iuncreassing proportion of subjocts are uncomfortsble
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1 at head, body or foct, or in more than onc of these areass Ty is used
in the anglysis as o metric verisbles It is in fact more contimious and
therefore o betier approximsiion t0 o metric vericble then mean thermel
vote itsclf.

4e Do _6a Decoding

Certain vériables such as clothing, mistcles, otc. hod been recorded
on the original dato cards in o coded form. I3 hqd been thousht thet
the transgenerctions evailable on the regression progrems would make
it possible $0 decode thesn. prior to annlysis, but this proved not to
be the éase’ The much wider ranse of operotions aveilable in the
B:@&%S. program enabled this mistake to be renedied, and the decoded

data was punched on the Z=-coxds in o usable form.
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5« 1. lcon thermal votes and obscrved eveatings

i. Doto ronmos.

This subesectlon contains tho mozt important resulis obizined in
‘the vsuwey. 1% deals with the verbal responscs T3, T2 ond TB’ their
mean Ty, discussed in Section 4, and the sweating index Pe Toble 54 1. L,
gives tho meons, and stondard deviations vhere appropriate, of all the
voriobles thet could be showm to have s significant cffect on one or
nore of these responcess From these figures, derived froz over 2,500
cases, o muber of colceulstions may be mode; for cxample, that 95
of the observations at head heipht were made in the tenperature ronge
648197, and tho air velocity ranse 5-50 feet per mimtc. The nean
water vapour prossure recorded corresponds very closely to o rolative
hamidity of 5050 ot the mean tompervture of 72.6°F. The meon thexmal
vote, Ty, considered as a contirmous varieble, excecded 4«5 (the
boundary betveen 4 » comfortebly warm, and 5 - too warm) on aboub
20§, of occasions, while the Yeuper:ture ot hend hoight oxcecded 75°T.
on shout 257 of occaeions, However, causel I‘ele:bionships. connot be
deduced ot this steze, a8 all the themal variables are indercorrelated.
Teble Gwl=2 gives o section of the totel correlstion mabrix derived
in the conrse of the aml;fs.{s- In tho teble, T =nd P are related
to values of the enviromontel voricbles récorded at head height,
Ty ond T, to velues recorded ot body height, nnd TZ’: to .V&lueﬁ recorded
near the floore 335 of tho 36 corrclation coefiicients tobulsted ave
si@nificam et the 0,01 levels It is clear that o multiple regression

anglysic is rocquireds However, it can be seen thpt ¢ll five responses
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ore correlated morc closely with tenpercture then with awy other
thermal varicblos

2+ Rogression equations,

Table S=1«3 shous the reswcssion equabtions derived by menns of
the program BD»02.R., for the four parometers of the physical onvirone
ment onlys %he multiple correlation cocfficlients are listed togcthor
vith $ho correlation coefficients of eoch regponse with Senperoture
alone reproduced from the previous table i‘og compayisorns In every
caoe the regrossion scuommts for a lorzer proporbion of the variance;
the improvesent is greobest for Tgy bubt even so represents only a change
from 25% to 3¢, in the proporiion of variance ctiribuicble to the
measurcd vericbless However, 5ll the regrescion coefficlents listed
excoed twice thelr stenderd devigtion ond are. therciore significant
ot the 0,05 lovole This wes the test opplied for the significance
or otherwise of the effect of cach pavemetors In the case of T1 exd
P, the cffect of air velocity was not sigmificent gt this levels From
the values tsbulated in Toble Selel it con be secen thoet {he alx
#oloei’by was in faet lowest vhen measured ot head height, the mean
of /7~ cozxesponding to only 21 feot per mimute, vhich is hall the
threshold value for perception of air movement or the foce (Mot jer
1924)s It is of intorest that the effect on P should olso be none
significant, sinzo this is not depenient on the subjective censavion
of drauchte The effects of all four peromebers were, with these
excoptions, significant for all five dependent Varicbles. The mogni=
tude of the effests of individusl poraacters other thon denperciure

will be discussed bolowe Thoir combined offect has been shown pbove
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£ be small in terms of prediction, vt is not necessarily to be

nozlected in terms of themel effect in some situgbionse

3¢ Comparison with other thermal indices.

In oxder to assess the fra,lue of the regression eguations, comparison
mey be mode with other themmnl indices in tems of vhe resultont
correlation coefficients for the present body of datas Toble Hewled
shous the rosult of such comperisons In terms of their success in

- predicting the value of T, ond P for cach of over 2,500 cases, Equivalent

1
Lenperumwc, Difective Teaperpture and the Singoapore Index are all bebter
ohan cir:y‘ubulb tempsmmre bz:h worse than the regression equationss Globo
theranometer ué?’:}_){':l wre is worsc thon my—’bulb ﬁenpcra%ure for Ty, o
bct‘ber i’or P, but is worse then the regmsmoa i‘or uot;h resp on:aes.

This resuld i.., t0 be Qpcme&, parily bc usc the x‘c‘_,re-ssmns represent
by definltion the opbimum combination fox the particuler ood;,r of dg,ta,
but clso be.ause the regressions combine all icur parqmcters of the
yﬁﬁrsicai emviroment whéle zzoné of the thcax;'.fxal indié.es; uvsed h'exk:" combine
mof:é then threcs |

The equubions used éor gcnemting the Valueé of the thernal indices
oi’e given in Teble 5«1-10, and nay be of sone pcr}.phcx'al intereste In
pf»rticulau, thc derived foctorinl e:;press:.on for Effective Teunpercture in
the datz ronge (Dyvation 3 in the toble) may be of use Lo other workers,

It was derived by means of o muliiple resression enclysis with Effective

]

emperaiure (as given by the spproximate Iquation 4) as the dependent
riable ond the 2,500 scts of values of the therasl parenmeliors os the

independent varicbless Iquetion 4 vos derived geomeotrically from the
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Effective Yempezature nomogrem and imvolves the £itting of stroichi
lines to the approprisie arca of the air velocily correction gride
(0.2 Iddwell 1566, personnl communication.) It 1s somovhnt cumbersome
to noe, end the foctorial Pouation 3 will es*hiraiqte $he .fesul‘bin\g
Effective Teuperoiure with o standard devistion of 0416097,
4o Identification of othor sievdficant loctora. -

One of the objects of the proscub survey was to identify and
test eny otihwer foctors thot nmisht be influencing the perecption of
the thermnl enviromient by operating theatre stofi. Toble Sl
shots thoe repression cguotions derived in an cxackly similer tay o
those of Teble 5-1-3, but alloving all meosured varicbles to enter
the equetions, Those that were necsured bub did mot cnber foll short
of the criterion for significonce. In this cobeosory cre time of doy,
maber ot teble, hoight, the weoring of glasses and tbe difliculty of
the oporations Reference o the last poued end to other more osoleric
varicbles thot were mot ineluded in the main enolysis will be made in
Section Os Some resulis relevant to the maln responses appenr later
in the precent subescciion (Teble 5-1-8).

The mliviple corvelation cocfficlents for the more extensive
rocregcion eguotions excced for every responce thoso achicved by the

respession eguobions in physicel vorizbles only. However, the largest,
0s576 for T, represents only cn ineresso from 304 %o 337 in the
vroporiion of varisnce sbitributablo to the mecsured vorizbless This
is o small return for the inclusion of seven gddibionsl variablese On
the otheor hond, the improvesent for P represents a change from under

75 %o over 2475 in the proportion of voriance atiribubable to the
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regressions Cloorly some of the ton additionzl foctors are imporbtant
in cousine forcheod swentinm. To identify vwhich are the most importont,
i% .is mecessnxy o kmow tvhich ensored first in the seguential reogression
amlysis, Tor T34 T, ord Ty the non-netric varisble 'Anacstheiist!
ombered boforc all the thermal varisbles had been included, while for
P the non-netric varisblos fSurgseont, ¥Surgical jssigtalrﬁ' anl 'Sext'
entered in that order, YSurgoon' enbtering beforc Tempersture and
Ysurzical Assistant' boforc vapour prescurcs In Table S«l=9 use is
nede of this information to produce Terression equations vhich include
forr varischles but result in multiple covrelation coe.;fi;:ioats only
8lichtly less then thooe including ell vericbless They represent sters
in the ccquontinl enalyscs, and could have been identificd by setiing
& lower limit to the accepbable veducbion in the totcl sum of syuares
due $o the wddition of a further voriaoble. They have becn used H0
derive the Index Teomperchures thot ore discussed belov.

5. Quallitotive cficehse

Phe inclusion of Ystotus' variables, effectively adjusting the
additive constamt in the eguation, can cvidently lesd f0 grester
reductions in the residual varistion thon is achieved by including
some additionnl thernal dobtae This effect was indicated by the
preliminsry sorting resulis given in Section 4. Ancesthotisic tend
te feel colder than other stafl cateogories, surgeons and thoir assistents
tend to sveat more, vhile fonnles tend to sveot lesse Thesc effects

"axe in occord with cxpericnce, though they night hove beon thought to
be less importont than radiobion or air velocity in deteraining on

individunl's responses Other effects in gccord with expectation are
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thot fomnles feel coolor; noople of non-'—mépem (mostly coloured)
roco svent less, though they do not feol coolers; +hin people have
colder foct ond sweat less thon fob pecple; o longer stoy dn g
theatre lecds $o nore oweeting but not o an increase in the sensation
of hoats - Toss expected, perheps, is the finding thet the older
menbers of opereiing fesms Feel the heal less, amd actuslly svent
less;  sensotions of lect cre grecier in spring end sumuer thaen in

autumn ond winter;' Zfeel fecl colder and guwecting is grestest in

" .
eunjunn, It should be enphesiced that the obove resulic teke account

of tho correlation belveon varisbles; they could perhops be staled
vith the rider *other ’hhin‘;:;s being cqual's For oxouple, the findings
on pge ave not affectod by the foct thzz‘: assisté’;rbs and marses temd to
be younmer than suyceons cud pnaesthetists, i‘or this eiffect hos been
tnorbisled out?, Similerly, 'people fecl hotfer in sumver! 38 o
$rivial stotenont unless it is realiced fuad mhe actual teaperature
effoct has boen renoved - iaeople feel hoi;ter 3.3.1 sumer ot the same
tenperciuros ‘ | |

Gs . Duontitative offcctSe

Some ides of the megnitude of theso effects can be gained by
ealeulating, froaz the relative size of the rogression coefficicnbs,
vhot chonge ia the varigble would be necessery to produce the sane
chengo of rosponse ot a specificd chance of taaperatuxres ﬁlterrﬁtively,
vhore aporopriote, the change in tespersturc necessary to produce the
sane eficct as a opecificd change in the varisble can be calculoteds
Phe resulis of such coleulations are shovn in Table H=l-6, It is worth

mobing the wey in vhich the effects of the measured verisbles on
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subjeetive theraal responses nre mirrored by their cffccis on the
ovoserved forchend sveating, Pe This elose correspondience bebtween
subjective and objochive neasurcs of thermal etrain supports the
validity of bothe The deteiled effeowts are discussed belows

tﬁhé effoct of water vepour pressurce is such that a change
cozwresponding to o deerease of 107 in the rolative hunidity is equivew
lent to a dvop of 19F. ot 68°F. This is mch grester dhan tho
nesligible effect of humidiby é:i: this beapercture thot was found
by Xoch ob al (1960) for normsl conditions of occupancy, and neorly
twice oo great as the effect reported by Miura (1931) for experiments
on five subjocts, fAn incresse of 1°F, con be counderacted by on incresse
of nir velocity from 25 to 30 feet per mimabe. The effcet of rodiant
heat, beiveen f end & that of smbient bempercture, is in pgrecient
vith the figure of 3‘/;’5 g,enemi}y accepted (Kécz‘h eb al 3.9;50). The
snomadous value for scnsction ab heod height, there radistion
apperently has only half that effect, moy be due to expectation; in
tho special case oﬁ‘ working at the operating beble, mdistion is
axpecled and porheaps éllowed for in veporting thermal sensations
The measuz.;emnt wes made ab the point of moximun intensity of the
becm, vhoreas most of the menbers of o toam keep their beads clear
of this point for most of the times This would also tend to reduce the
apperent effect of thermal radintion. Vhen clear of the direct boom,
the zodistion received from the hot lamp cosing oppeors to be only
gbhout hnlf the moxizum intensity, accoxding to a mmber of spotb

readings token in emply theotros with the same instrument. The sane
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resuld weos oblained in o domed theatre with spotlichis studding the
roof instecd of 2 conventionnl operating lamp, snd is likely to be
generally true,.

There is thus apparently little scope for mitigeting the effoects
of o high temwpercture by slterins the other thermal parameters. A
reduction of the humidlbty friom 505 to 305%, accompanicd by o doubling
of the eir velocity from 25 to 50 fect per minute, would be equivelent
only t0 o drop of 3°F. in the temperature, in terms of its effect on
thermol sensation or forchesd swentings. Such chanzes might well be
unzeceptoble on bacteriologicel or other grounds.

Individusl differences incresse the difficulty of satisfying ell
the ocovpents of a theatres The effocks tobulated in Table 5S-le6.Be
aré additive, ond con load to surprisingly larse differences of
preéicteﬁ rosponsc. For exempley a fab surgeon would feel uncomforbebly
hot ot o tempernture 80F. below that at which his thin femle
anoesthetist would coperionce a similor sensction. In tems of
sweoting, the difference bebwecn these individuals rises to Z?OF.,
end to over 30°F, if the angesthetist is coloured and the surgeon is
not, Thoush this is admittedly on extrone example, the diffgrence of
1é.3°F. beiteen saﬁgeon ond encosthotist, in terms of the temperature
o vhich they boxin to sweat, is o constent facbor with serious
implicetions. The foct that older members of the btcom sweat less.
thon younror memhers is on indicotion that the ccuse of forchead
sweabing is probebly psychological tensions It is unlikely %o boe o

vhysiologicel effect, oo it is accompenied by o reduction of the
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sengation of heat; if o’lder men were nerkedly less able to sweat,
thoy would tend to feel hotteor, not cooler.

The efiect of season of the year is interesting. Though smally
it is significont, ond disproves the assertion often made that hich
tomperaiures gre beotter tolerated in swanere A possible Teagon is
thot & hot working environnent mey be welcome in wintber vhen most
w005 ore oo colde Comversely in summer, vhon one tends o be too
hot elsovhere, the leeling is thot iv chould ob least be cool vhere
ons is expocted to porform surgery. The effect of physiological
acclimatisation would have been to counteract this tendencys; sbme
gvidence for geclimntisation is perhaps provided by the increszsed
sveabing observed in eubumn, ond tho fecling in thot seoson thed féet
were éal&, given that geclimetisation to hent would be af its e;m::..test'
ot bthe ond ol summer.

7+ Optiomg* deupersiuress

From the régmssion equations it is possible to work out the
Lenperature at waich thermal sensation would be equal to0 3, ideally
confortable, for the necn obscrved velues of the other voricbles.
For this purpose, P is of no use, o8 there is mo preferrcd leovel
of sueatings 48 shown in Soction 2, the optinmm oo dotorained by
the mca.zi 'i:lzennal vobe is usually the point ot which the moximum
mizber ore confortoble. However, this iz nob nceessorily o useful
concopt in opevaiing thectress In an office or o factory, 'the

sroctest comfort of the grostest muaber'tis o uselul criterion, bub

a

in the operciing theatre the comfort of the surzeon is arguebly of
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percmount importonces I may be more useful to consider only the
proportion of surgeons thot are too hioi, ond this is done im tho
followingz sub-sectionse IFor complotonesc, the foptimat é:’:'e tabulated
in Toble S«1-7 for the difierent stetus cotegorics. The nost re]:iabie
is probobly tho figure of 66.19F. for ©g, the oversll themmal vobe,
for surgeons. It is rother close to the optimea derived by simple
caré sorting in Section 4. (ef, Graph 4=1) for oll staff, In passing
it is vorth noting the trend to prefer highor temperaiurcs from surgeon
to nssistant to cnoesthetist, the close similority bobveon the figures
for assistonts and for mrses, aund the fen&ency for preferred tenperatures
to incresse from head to body to feot in opposition to any reolistic
themnl gradients It would secm that in ayy theotre that is cold
enoueh ab heeod heirht, thereis a risk of cold feots o *fcvci*, these
figures give no indication of the distribution of condlori vobes about
the optimun, ox even of the proportion comfortuble at the optimume
Distributions will be wﬁsidemé below, when the remzining significant
variables have been discusseds - |

8« 'Thormal' effocts of other varishbloses

Table 5=1-8 tabulates the changc of temperoture nccessary to
produce the some cffccet as certain enviromnenbzl chensess These offects
aro derived and discussed in Section 6, bul the results ae relevant
to the mein responses under diccussion in this se;‘:{;iom The theatres
vas felt to be hotiter vhen the atmoschere was tense, and more swenting
Was in £oet observeds These effects are of considemblc nagnitude.
There was more sweating during najor operavions and when there were

frequent entries and cxits to the theatres There wee less sSveoting
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aen '3313;0 stols moved frocly in the theatrey, and vhon the meximum
noiso level, wlmost glvays duc to tolidug, was highor; +these
circwangieonces coour whien the abmosphere is more relaxeds The
vorisbility of air volocity hnd ¢ mevginal effoch in the expeched
Girceblon of decrecsing the censotion of heste There were fever
,cbmplaints of oot vhen therg hod becen 'nistchkos® in procedurcs 10
explonction is oz?;i“ered for this other than that it moy hove boen due
to over-coapensgbion or it may hove been duc to distractions It wss

ot o loxze effect, end wos nob reflected in the observed sueating,

9+ Responso dishribubions.

Using the concopt of i‘nde:c Peapersture inbroduced in Section 4,
tho four Phorzol voriublos con bo conbined imto o eingle figure, that
of the eguivalcnt smblent temperoture wnder standard condibions of
humidity, zediabion and aix velocity. Tiguivalont! is used here in
the seﬁso of Yproducing the same response“. The standerd conditions
chosen are 507 relabive hunidily, mean rudient bonpercture ma‘qual
to eolir toapercture ond air voloeity 25 feet per mimbes. Vsing the
cconomiced equotions of Lable H=1«9 to genercte tho predicted vote

at hood, body end feet {3, T, and T.), the distributions seb out in

2
Groph S-l-l arc oblainods They have been trensformed from probit

rogression analysis of the jroportion $oo hob end too cold, in order

=2

o obizin smooih curves. One reassun vy tho curve for comfort ot the
foot is g0 broad is that no stobus Loctoriwas includeds The curves show
in e generzl woy the rolaticuship betwecn comfort ot the head, body

Y

end feoet, and the conseguences of noneidenl conditions.
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A more informative seb of curves is obicined by exenining the
distribution of the T, response for each status category separatelys
Groth S5ele2 sots out the rosult of such on exanination vwith respect
to ambient tenpersiture, troiting surgical assistenis and nurses as
one catesory for the present purpose. The curVeé wero obteined by
sorting the Ty res;onse against ambient temperature and identifying
the proportions too hot and too cold by means of the exrbitrarily definced
comfort ranze of T,3 this was introduced in Section 4, end assumes that
over 50 of subjects returning o velue of T, within the range 2.3 = 3,6
inclusive are not uncomfﬁrtablo in any way. These proportions were
transformed to probits, the probit remression lines obtained g:aphically,
and ot each tenpercture the smoothed proportion comfortable was obteined
by subtraction, The resulbing curves gpro illustrative of the differences
betveen stotus categories, and display also the effect deduced from
publiched Tesults in Section 2, namely thet of a progressively emeller
medien ronge with each inerecse in the preferred temperaturs of o
group. Hovever, in view of the highly significaont correlations
betuecn thermpal factors and the somevhat arbilrary nat\'zz'e of the
comfort criterion, o further refincment of method is required.

10. Sugzested method of presentation.

This finnl stege in the analysis is proposed as a method of
goneral use in studies of thermal comfort.

Using the equation for predictlon of P4 o8 it appears in Table
S5=1~9, the Index Teapcroture for each set of data was doriveds Trosting
the three status cobesorics separately, the proportio: comfortable, too

cold and too hot were identificd by exsaining the recorded values of
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T3y T and T3 If onc or more of these volues wos 0 or 1,
indicating & responsce of Tuncomfortsbly cold' in one or more arens
of the body, the overnll response wes doken to be onc of *too cold's
fimilarly, those Ytoo hot! were identified, In p.factico this wae
done by generoting ¢ Comfort Index taling the walues 0, 1 or 2 after
losically testing the three recorded velnes, It will be recalled that
anomg lous vobe combinations hed alrendy beon excluded, ises those
simmltoncougely too hot and foo colds It is clear that this procedure
is more rigorous then most; thooce recorded as comfortable had
stated that thoy verce comforiszble in each of three areas of the
body, in resromse to three direct ques-hions requiring in the first
ploce o ‘yest or 'no' ausver. The proporiions too hot and too cold
vere tronsforaned o0 probit values, and the linecar probit regression
lines ageinst Index Toupercture arc plojted in Graphs Sele3, Sel-d
ard S-1e5 for surgeons, zssistants and murses, ond ancesthetists
respectivelys On the some grophs are plotted the perecentase comfortable
abt’ ench Index Teaporoture, obbained by transformotion of tho regression
lines to percentages end subtractinge It should be noted that tho
oerdinate for these lincs is linear in percentage, whorens the ordinate
for the probit regression lines is lineay in probit values; the
sbhocissa is Index Tenperature in OF. throushouts

Thesce gravhs combein all the relevant information. At each
Index Tenperciure it is possible to obtain an accurcte prediction of
the pmpor‘tionsl too cold, co:nfoz;table ond too hot, in moriked contrash

to the usval presentotion of meun thermal vote or proporiion comfortablee
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An cxample of the ubility of this presentation is the possibility of
setting on upper limit Vo the temperciure of operating theatres in
terms of the proportion uncomfortobly hot. If no more than 5% of
surgeous exe to be'uncomfortably l'io’c, the Index Teaperctore should
not cxceed 652 3%F., os ghorn on Grorh S5e-l1-3, Tith the mean amount of
rodiatlon recorded et body helghly 20167 above pir tomperciure
according to Table S«l-l, and the relebion betveeon air tempercture ond
radiont excess tempercture as seb oud for Tg in Table He1-9, this
corresponds o en anblent tempernbure almost cxactly 1vFe? lower,
f.¢s 6443°F, It is sug ested thot this is o useful criterion for
operating theatre temperatures. - From the gropins it con be seen that
over 60t of snaesthotists Wiéuld be uﬁcoﬁomable at this Index Tenperae
ture, bubt this sg:ould be secn in relation to the faet thet 3%% of
anaesthetists v::ere uncenforteble oven a‘t‘ the optimu for -the ‘"group,
T2°Fs -Inceed, since only 1.7} of omacsthetiots vwould be too hot ab
65432 °F,y increasing the cl&thing‘ vofavby the remninicr would raise
the proportion comfortable ab G5.3+°F. to voll above the presemt
maxirmin of 675 at 729F. Ab 65.3:C0., -287% 0 assistonts end murses
would be uncomforbzble; ot the optimn for their. proup, 67«5¢0F.,
26,57 were uncomfortables Thus an Index Temperabure of 65.3°F. would
enable o very high proporiion of the occupents of a theotre to be
comforizble, vhile cnsuring that no more than 5! of surgeons werc
uncomfortobly hobe IV appoczs in fzet to be the ophimm texporcbure
 for surgeons, but so fow surgeons were unconforbebly cold that the

descending portion of the curve represents on cribtropolotion.
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If some other criterion is sdopted, the conmsequences can
quickly be derived from the inforantion presented in these grophss

1i¢ Relation to the rooulis of Section 2.

It is of interest to relote theoso experinentelly obinined distribue

tions to the theoretical predictions mode in Section 2 os 2 rosuli of

3

the analysis of prbliched dato. Waking the optima of the three prophs
a8 the Index Tomnelature at vihich the proportion coafortecble is ot o
agximm, one obtains the fismres <. 65,0"’, 67° and 720“9. for surgeons,
agsictonts and marses, aml ancsthebists respectively. The predicted
median Tonges are, from Greph 2-5, 17419, 15452 ond 11e3%%  The
mea:n.an ronges obteined exporinmentally were 0.190, 3.5.9° cod 10.4°F
With the exception of the fimure for surpeons, these figures are in
close sprecaent w;ri‘bh the predicted valnes. For surgeons, gbecnce of
adequate dabe for the portion of the ¢roph below the Yoptimua! renders
any messurencnt of meodian ronge higﬁly specx;iai;ive, am the sgrecnent
cﬁﬁaingd is therofore adequates

'Iirowé\rer, glthough the median ronges for cuch group egreo qulle
well with the findin~s of Section 2, the shepes of tho distribubions
are not well pﬁedicted by the cquations of Teble 2.10. TFor cxaiple,
the re;ression cocfficient betveen the probit of tho proportion oo
hot and the tenperature is 0416 for surgcons, 0.15 for cspistants and
mirgses, and 019 for ansesthetists. The firure used in Tablec 2,10
is 0s27, the mean of widely bubt not significently different valucs.
This would lead to predicted distributions mich narrover then those
actug,llg found, with fewer people uncomforteble ot the opbimume

It moy be that the shope of the distribubtion varies with gome foctor
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such as task imvolvenent, bubt no conclusions cnn be drevm from these
rosults or from the dalc corcidere! in Sccticn 2.

It is worth noting that the predicted fisures were bosed on
the anolysis of resulis for cmbient teompersture, not Effecctive
Pommeratures Since Index Tamperature is defined in terms of condie -
tiona elose the the mean, this choice is nore appropriates Had Hhe
definition of Index Temperature becn in terms of fully saturcted,
51111 iz, the altermoiive choice wonld have been appropriate.

12, Distribution of observed svenbine.

Using the ecquation fo» P in Teble Sele9, an Inéejx Tenperature
can be derived for each observition of this response. The obsorved
values of P ore reloted to Index Temporsture in the form of cumlative
frequency dlstributions in Groph 5-1-6, On the seme groph, the -
rozrossion of nmoen P oon Index Tempersbure is showme. The ordinate
for this line is not related to thot of tho frequency distribuiions.
Pean P is proposed o5 e valvable messure of thermal responses In
the zonge 60909 it con be seen t0 vary in an orderly voye

The frequency distributions werc obteined by tronsformation of
probit regression lines, drawn for the Yproportion swesbing fo each
eriterion levelt og for Grarh 5«10, At the suz-ested mmdmwa Index
Teaperniure, €5+3°F., no forehead would be observed as ‘wet-beads of
sveat? (criterion 2), but 257 of foreherds would be observed ce “*dampte
In genernl it con be seen thet sweating is not o serlous problen below
80%F., ot vhich Index Towperature 1077 were sweating to criterion 2,
“ond 3¢ %o criterion 3 (Yforchend wet, requires froquent wiping')

ivee profusc swesting.
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13, gunnsry of subegection 5. le

Analysis of the main responses yielded the following resultss

The variation of dry-oulb $eapera abure wos shown to account for
et most 257 of the va,t;q;; of responses |

Regression equations in ail i‘our themal parancters wore shown

g i
to eccount for gt mosot 30% of '&ha v.—,,r:‘,,{;ion of re.:.nonso.

_Regression equa,ticns including all measurcd voriobles were

ghomm to account for ‘ﬁ: most 3303 of the vwi:»i:ion of rcaponse,
but to be parbiculerly succeseful in :unprov:.n" ‘uhe pz‘edlcti.or
of observed sveutmba

A large mmber of non-themal foctbors vere ﬂiiom’to affoect
significantly the percep‘bion of temperciure and tlm observed
sveoting. Quantitative e'craluat:.on of their ef.‘.,ect was nossible,
co;xtbinations of nonethermel foctors were showm to be copable
of producing uﬁexpéctedly larce efi‘ects..

Response distributions were presented in a new vay; it wes
;'u@gosﬁed that they comvey more informetion then the current
methods of presentation.

An obgective method of determining the max}. it} ’smperature for
operoting theatres wes proposed; if no more than %% of surgeons
were $0 be uncomfortzbly hot, the ombient tempercture should not
excecd 65.3°Fs with o relotive humigity of 50¢%, o mecn rodient
ternperzxture equal to air tempercilure, and an alr velocity of
25 fech per minute. This corrcsponded o an oir tempercture
of 6—’;, 3°F, with the mean observed radiction cxcess of  241°F,

Under these conditions ncarly twice cs mowy anccsthetists would
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be uncomfortsble as at the opbismmia for the group, but by wearin_c;
more clothing the proportion could be reduced to below the present
optimun figure.
Ts Observed forchead sweoting vas shown 10 be o useful index of
thermal ebroine It was showm that sweating wos not o widesprecd

problea below 80°F,

Be 2s  Subsidiary responsce the impression of Ystuffinesst

1. Introduction.

A common complaint in operating theetres vherc conditions are
unzatisfeoctory is that the room is Ystufiy'e This comnon pejorstive
is frequently applied 1o overeoccupied rooms, end its origin mey poscibly
be traced to the iden of 'anthropotoxint' nroposed by Pebbtenkofer over
a hundred years ago, of uhich mention we.s made in Section 1l o
gabisfoctory investigniion of the couses of 'stuffiness' has beon
mede; it would be an interesting ond potentially valuoble studys
Vernon sud Menley (1926) investigobec the couses of sensations of
tfrechneus?y ond this mey be secn s the opposite end of the scala,
Howevor, since sensations of freshness or othervise are comuonly
referred to the head, and nore particularly %o the nose end cheeks,
the thentre situstion in vhich all those prescnt are mosked, is
likely t0 be rather ¢ specinl cooes

2+ Heothods.

The present investisption included e sequence of questions

resulting in a five-point stufly/fresh scale, the wording of vhich

has been givon in Teble 5.1s These quesbtions were pub to cach subject
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bofore the more specific questions on tomperature, air veloclty and
hunidity, so that the cnswers would reflect vhat wes meont by the
tem *stuffiness' s genorally useds Hzd subjocts been first asked
to state specificnlly vhether the tempercture, alr velocity and
humidity were confortible, they might have adopled o more rotional
ond perheps mislecding approach to reporting their sensation of

' tgbuffinessts
3« Resulbss

The method of anniysis wes exactly that used for the main responses,
nonely the derivationof a multiple resression equation by o sequential
proceduros. The use of the meon voite ps a metric verieble ‘Was Juctified
in the same woy o8 the mean thermal vote. Groph 5-2-1 shows the
result of preliminory sorting on the datn for surgeons and ossistantoe
© There 4o o good lineor relationship bebveen E, the meen *siuffiness?
vote, and the dry=-bulb tenperatures The optirum teaperaturey, at
which 5 # 3, is scen $0 be 65¢2°Fs 4t this temperciure cbout 75 consie
dered the conditions 'too stufly' and T considered tho conditions
Ytoo froch's

Table H5~2«1 shows the rezression eguations deri?ed. All the
. coefficients shown exceed twice thelr stendard deviatio:;. The varisbles
entered the equation in the order in vhich they made the greatest
reduction in the residual sum of squares, vhich is the order in vhich
they oppoars The toble also shows the proportion of varience attribue
teble to the rezression ot each steps ‘I’ﬁus vhen onl& thermal varinbles
were permitted to enter, the inclusion of vepour pressure end the

radlotion excess sdded only 2.5 to the 15.45% of the variance otiribue
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table to the tempersture alones The effect of air velocity conld
not be shown to be significawnts - The senspbion of *stufliness® appears
to be predominently one of fecling too hoty ot least in the context
of the operating thectre.

Vhen 4ll veriables werc pormiticd to enter, the proportion of
voriance abttributeble to the rogression rose t0 12,50 In this
cose, vhen gllovance hod beon mede for the mb;}cct:;‘vzho were
enaesthevists, the offect of thermal r-disztion could mot be shown to
be significente The offoct of cir velocity wes ceein not sirmificants
Fron this equation the Yoptimun' temperature can be calculated by
setting the other varisbles egual to their meon velue in the doto and
the S-vote equal to 35 the result, $646%Ts, is idenbical with the
opbirm derived in Groph 41 for themmal sensation ot hend heighta
It may also bo compsred with the opbima derived from tho regression
cquations for themsl senssbion and tebulated in Teble SeleTe’

The effects of the iudividual‘ﬁsrlables can be illustrated by
caleulabing the equivalent temerature chenge froa the relativa.pize -
of fhe raxrecsion coefficients; in terms of the sensation og stuffigéés,
en dnerease of 5 in the relative humidity st the mean of 72.7CF.,

507 relative humidity, rould be compensated for by o £2ll of 1°F,

This is very closce to the figure of 8} ziven by Bedford end Varner
{1239) for the offoect of humidity on scensations of freshness. However,
whereas thelr figure implied that in thoir dats the effect of lunidity
voe threc times os greot on freshness &s on thermal sensatlon, comporie-

gon with Toble S-le6 shows thot in the prescnt study hunidily was
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plmost as influentinl on thormal sensation as on freshnesse. The
recson is alnost cerboinly that theve is o pood decl more sweating
in the theabre situction, ond cvaporation of swenl ploys & corres-
pondingly noro importent role in @ewermining thomel sensation.

" Anoesthetisto found conditions stufly ot a temperciure ncarly 3F°
above the tempercture ot vhich the other occuponts of the theatre
experienced o simllar sensabion. In the previous sube~section,
sildlar éffects for thermal sensation and for observed sweating
were demqnstrated for aﬁéesthetists, the bias amounting to betueen
1 and % F.© for thernal scnsations cnd 1o 5eTe° for swestings The
present results show thet for onaestheotists, the sensction of 'stufiinesst
cithibited an identical bimse Women found condivions 'stuflyt ot o
tempeoraiure abbul 2.7° below the tempercture ot which the male
occupants of the thestre experienced o similar sensation. Table
S=1=0 shows thet in conbrast to these reéults, women vere nore tolerund
of heot when asked speeificelly about thermal sensation, ond much more
tolerant qf hect in terms of observed sweztinge The delayed onset of
sueating i essocioted with an increosed sensation of stuffiness cnd
the link may be causcls

The effect of 'durotion of stey in theatre' was such thot on
addltional stey of 145 mimbes was equivalent to o rise of 1.Fe°
This offect is only sbout one third 28 grect os thet of 'stoy* on
thermmel sensation. A marginal effect of clothing on sensations of
stuffiness vas found and is given in deteil in Section 6s 5.

In evaluating the success of the regression equations in
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predicting the Sevote, it is of intercst to compere the multiple
correlation coefficionts,‘i‘pbtm,incﬁ, 0s42% for thermal variables only
and 0.442 for all sigaifi‘ée;.nt varinbles; with the simple correlobion
coefficients betweon S-voto cnd o mmber ofgther parancters of ' thermnl
. stresss These are tobulated in Toble 5+2-2, The correlation coefficient
vith Effective Temperziure is the largest, 04403, bub falls short of
the maltiple correlation Qoefi‘iqiezrtfor tenperaturc cnd vapour pressure
‘ allona, (0.174)?3' 2 0,417 This in turn is snoller than the figures
for Equations 1 and 2 in Toble 5«2-1.

The correlation coefficient between S-vote and Tj~vote, thermal
sensgtion ct head heiphty was only 04592 that is, o kumowledge of
~ thermpl sensation would cueble one 0 account for only‘(0-592)2 = 3%
of t}%e voriation in predichbing the scngation of stuffinesss Thus although
*stuéfiness' is closely related to themsl sensatidn, there renaing
" a considerable amount of unezplained variotions

| i Discussiom A , ‘

The sensation of *stuffiness' in the opercting thestre was clesrly
governed by mony of the some fectors thot debermined theimal sensetion,
Inc}iviﬁual differences had o larse offect, and o person vho felt thot
e thestre was too hot misht not fecl it wes stuffy. Hovever, as the
optima co-incide, it is probably safe to cssume that if the theatre is

t

ot fglt to be too hot it will not be felb to be stulfy.
5» SwanaTye
The sensation of stuffiness vns exenined and o muber of influentisl
foctors were identifieds The resulis should not be teken Yo epply

outeidc the operciing thestre.
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5« 3 Subsidisry responses theo porecpiion of pir velocity.

1. Introduction,

The air velocity in opercting theatres is ofden extrencly 1ov.
This hao been o consoguence of chbempts o produce & dotnvord GiGe
plecement systen (Willioms, et al. 1962). There is come ovidenco
(Anguo ond Brown 1957) to sugsest that in ordinary rooms an ineresce
of air velocity £rom 10 o 30 feet per nimte is sufficient to cause
a morked improvement in comforte On the other hond, Baebjer (1924)
found that eir velocitices below 40 feet per nimite were not percepbible
o the skin of the cheek over the vhole ronge of tenperatvres oncountered
in occupied rooms. The present imvestigation provides some inforastion
on the existing oir velocities in occupled Opér;:e:hing theotres and on
thoir effects.

2« lgthod.

Readings of necn aiv velocity were obtained as deseribed in
Section 5. Subjects vere gquestioned on their perception of the sir
velocity, veing the cequence of questions set oub in Poble 3.1; this
resulted in p five-point sczle of rosponse, termed the "Wevote', with
the value 5 for folr veloecity much too high', 4 for 'slishtly too hight',
3 for Yneither too Izighnor too low', ond so one Thesce questions were
gshed immediabely after those referring to thermal comfor: at each of
three lovels.

3+ Resulie.

Reference to Table S5elsls shows thet the mean squore root of

the cir velocity at heod height was 4.57, correspording to on air

velocity of 21 feet per mimte; the 957 ronze was approximately 5-50 feot
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per mimute if the square Toot is an e.fechively nmormalising tronsfornn-
tion. The results of the analysis in Seetio; Sl shor;. thet alr veloclity
hod an olmost negligible :i.nfluence.on thermnl scensation, not reaclﬁ.@
sirnificence at head heishte Proliminory sorting indicated thot the
Vl~vote s ploo cluost compiotely unaffected by oir velocityy and
the reould is thorefore not given here. Instezd, Groph S5=3=1 showo
thot, fox surgical sssistants, the air tenpdrature did have an
gpprecicble efiect on the Vevote. The probid of ‘the proportion voiing
1or 2 {400 1littlc oir movenont®) is plotted arseinst eir jemperciure,
and sinilaxly those vobinz 4 or 5 (Y4oo much olr movenent®)s A
foirly ncovrate estimato can then be made of the temporature at vhich
507 considered the alr velocity too lowse The figure of 75.éa°F.
corresponds very closcly to the figure of 76YF. given by Beet jer
as the bcaperoture ot vhich the lower threshold of percepbion of air
velocity was equal o 21 feol per mimdes. The tlover threshold!
refors to perception of olr wvelocity by the eyes ond imumediately
surrounding oress of skin, vhich is the aren exposed by o mask in
the operating thestre., It is repsormcble o infer from this that olx
velocity was considered 'too low' vhen it could no longer be detected
by the most gensitive oron. However, an alternptive interpretation is
thet complaints of 'too litile air movenermt® were made vhen the subject
wes too hobt, without regord o the a:ctual air velocity in the very
restricbed ronze encountercd.

imltiplo regression gnnlysis wins performed with the Vevote as

deperdent varichle. Toble 5-3-1 shows the equetion derived by this
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means, All the coefficients tobuloted exceed ¥wice their standard
devigtion; mno obher vuricbles could be showm to heve & sigmificent
effects The vericbles entered in the order showxﬁ, end the proportion
of verionce ctiributoble to the resression at eoch step in the sequen-
tisl procedure is shown in the table, Air velocily sccounted for only
0e 3% 0f the 16,87 ctiributcble to the complcte roszression, bearing out
the sorting result menmtioned sboves

From the relative values of the regression coefiicients it can be
calculeted that an nir velocity of 10 feet per mimube ot the mean
tenporcture of 72,69,F. sould cvoke the some W-vobe os on air velocity
of 50 fect per mivate at T5%F. This meons that the lorgest difference
of air velocity likely to be found in practice is equivolent only to o
diffemm;*e‘ of 24%7P. Similerly, it can be shown that in terms of the
{=vote, and under the menn conditions encountered, an incresse of 107
in the relutive hunidity wos cquivelent t0 a risc of 1e50.F¢ in the -
‘air temperpbure; onaesthetists comploined of drauzhts at o temperzbure
3.8% 7 higher than did other stoff cabegories; in cutumn complaints
" frere made at teaperatures 1.7°F. higher thon at other times of the
yeor.

The meen value of the V-vote wns 2464 X 0.75; +1his neans theb
air velocities were more often consideoved too low thon too highe Partly
for this recson, and partly becouse the coefficient of cir veloeity con
only be incccurptoly estimeted, no meaningful Yoptimum® air welocity can
be derived from thig equation.k However, by sebiin: the T=vote cqual

to 3 and the other veriaobles to their mean values, the optimun temperature
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can be caleulated as 6548490, ‘This is cxtremely closc o the
optimun as calculafed froa tﬁé therasl responss equations in Section
S5=1, and lends support to the view that the “.‘.‘J-Qvote\ refleeted thermal

confort and not poxrception of air velocity per SCe

4+ Discussions .

The air velocitics occﬁrring in operating thentres are genei‘c-.lly
cénsiderec‘i too lowe However, subjects were unnble to give maningful
estinotes of their sensation of gi:r; velocitys complaints of low pir
velocity probebly reflocted a genor:lised fecling of hect, ond the
fecling thet an inéresseé eir velocity would bring relicfy Section 5«1
hoe shown that increased o;ir_ velocitios, within the presently oceurring
rancey had iv practice only c marginnl effect on thermsl sensations

5% Summorye

Sensations of air movenent wero excnined and were sbown to be

relsted to thermal semsation rather than to the actual %mlue» of the

eir velocity,

S¢ 4o Bubsidiary Tosponses the perception of midibye.

1. Introduction.

Although the influence of humidity on themmnl sensation has boen
intensively studied, very 1little vorxk on the perception of humidity
por se appearc to have been corried outs In Br:i.’sdin wconfortebly
hich o& low psidities rorely occur meburnlly, ond couipment for the
control of humidity is only imst:lled for special purposco. Operating

theatres provide an uportont cxaplec of criificipliy high humidity

mainteined for purposes otheor then the comfort of the occupant o,
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(esgs sofoty f£rom olectrostatic sporiing)e Provious sections have
shovn that the vglues of humidity precently occurring do not conbrie
bute substantinlly to themal discomfort or to Ystulsiness', but
high hunidity isc ofvon blamed for feelings of disconfort in operobing
theatres. The present study investignted the causes of complaints
of uncomfortably hich humidity in operating thestres.

2e llgthod.

Subjecls were asked quite simply if thoy considercd the hunidity
too high for comfori, ond their enswver wos rocorded as 'yest or 'no's
This question was put at every imborview, after the questions on other
factors of the themél omviroment., FHunidity was meassured as described
in Section 3.

%« Resulice

The currcnt recommendation {Report of a worring party on
ansesthetic explosions 1956) is that the relative humidity in operee
tin; theatros should not foll below 604 The meon relative humidity
neasured in the presenmt survey was 50 the najority of opersting
tileatres epparently Loil to achicove the recommendcdi lovels TDefective
édjustmen*h oxr operation of the humidification plant appears to be
rospongible for this; fow theatres studicd were wiilout such plont.

The response wos coded o8 O or 1, and usedi in this form os the
dependent voriable for subscquent rosression annlyscs. These have
little predictive volue for individuals, but the mesn for o pgroup
can be secn es the proportion considering the humidity too highe
The overnll mean vas 0,546, indicobing thot over o thizd of the

2,566 responses werc compluints of hich humidity. The corrolation
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coeificient of this response, referred to as the Hevote, with
relotive hunidity was Qw 45, vhich is not sipnificont at the 0405
lovel, Vith vepour prescurc it vps 0.242, with air teaperciure at
heod height 0.326, with the P cotimnbe 0.257, ond with thomol
scnsation ot heod height (T1) 0.462; 211 these volues are highly
siznificente Thuos co;;:plo;i,nts of high Imidity wore nscocinted most
closcly with complaints of hish temperature, snd only %o o lesser
exvent with the ackusl observed svesting, i.c. subjects tended to
comploin when they thousht the high hunidity muet be preventing the
@az:oration of sueat rather thon vhen it wes in foot doing S0  Come
ploints of high humidity should thersfore Do Interprebed as compleints
of high teaperature in the absence of evidence o the controrys In
" support of this conclusion is the foct that coapleints, of hih
hunidity were more closely cssociated with the meosured ol tenporoe
ture than with the meosured vapour pressure. The mui’tiple resroncion
analysis seb oul below ahm;:s that $his prodoninence of temperature®over
vapour presswre persisted vhen theilr mubunl correlation hod been
| alloved fore :

The difference beiween relative hwnldily and vapour pressule
vae investigeted by meuns of preliminery sorbting, vhich shoved that
e given incrense of relative humidity produced g progressively
greater increcse in the proportion compl:iuing of high humidity oe
the beaperature increased fbove 7097, :dvidently, alithough the
majority of subjects considered that they could and 4id estimate
relative humidity, thoy were not in fact doins so. Tor this reason,

humidity was expressed as vwiober vapour pressure and the sorting results
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are shovm in this form in Grarh S-4=1 for the 2,027 responscs obteoined
£rom sﬁrgeons, their nscistants and ancesthetistss It can be seen
that compleints of high humidity increcsed linearly with wober wvapour
pressure, and that o given incracse of cilr temperature increansed the
proportion complaining by the same amount overthe vhole ronge of
lnimidity. Iwidently o linenr Tesression cquetion in temper:ture omd
vapour pressure is appropriate, in the seme woy as thc use of this
form of uncliysis for themsl sensotion was justified in Section 4s
It is worth noting thot there appears to be o marked difference betueen
the perception of humidity obove 70°F, ond that belowe Neaxly six
hundred responses werc obioincd below 709, so the effect is not llkely
to be due to chonces It can be seen that fewer than 18 complained
" of high hmiﬁi'&y below 70°, even when the water vapour prossure
corresponded to 70 relative humidity. Bebwecn 70° end T50F. this
proportion wns aiready exceeded at 7 mmellge, corresponding to a
relobive hunidity bolow 40%. Above 75°.Fe ihe proportion did not
£a2l1l below o third at any humiditye

Table 5=-4=1 shovus the re ression eguation derived by the usuel
sequentinl procedures The vorisbles entered in tho order shown, and
the pmportiﬁn of varionce attributsble to the resression is tabulated
at oach stope 4ll the coofficients listed exceed $wice their stondord
deviation, and no other varisble could be shéwn to have o sig_:ﬁificant
offects The multiple correletion coefficient, («398) is lover than
thot derived in Secbion 5e2 for 'stufiiness', but only merzinslly soe
% also f5lls shor;ﬁ of the correlation betwecn H-vote and Ty-vobes

The recression coefficients con be iunterpreted a8 the resulbing
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incremcnts in the proportion of complaintse Tor imstance, en incresse
of 1oT»® vould add 0.03 to the Hevote, isc. would inerease the percene
tage comploining by 3% for o given groupe Thus o given seb of
conditions in vhich 3% of o group of annesthetists coapleined of
high hunidity would cause 487 of = sroup of sur_cons to moke eimilor
complsints. Howover, this is perhops misleading. An altornative
interprctcotlon is in terms of the cquivalent tempeorcture change to
produce a given change of Hevote; +this meithod has boen used illusirpe
tively in previous sections. Thus an incroose of 107) in the relative
hunidity cbove the mean condibtions produced the seme chaonge of responsge
o8 on incresse of 2.10%. in the cir temperzture; surgeons complained
of humidity at temperatures 5.8°F. below other staff cabogories; in
sprin: comploinss of hich humidity were made at temperciures 5,197
lover than ot other socsons of the year; subjects 20 years older
than the everage complained of high humidity only ot temperctures
3,200, hiher thon svbjects .of aversase afc.

In Section 5.1 it was ghown thot below 6443°74, fever then 5%
of surgeons. experienced avy thermal discomforbt. From the equation in
Toble 5=4=l1 it can be ezlculgbted thot ab this teapersture, in seasons
other than spring, fever than 5% of surgeons compleined of high
humidity vhen the vopour pressure ves below Ged mmeHgs, corresponding
to 4055 relative hunidity. Thus this recommended moxdmum tcapercture
for themsl comfort is unlikely to lead to many complaints of high
bumiditye

4o Discussion.

The results of this subw-section show thot compleints of high
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hmmidity erc common in operebing theatres, thet they ero meﬁ;ated
by high vapour pressures z%ther theey by high relative humidiﬁ;é,
and by high gir bemperatures to o groator extent thon by vepour
press.res Hovever, no more than 167 of the veriance of this
masponse could be abtiributed to the rocorded varinbles, Comploints
of." hich hunddity oze likely Yo bo infreguent Qelow the moxdmim ben-
péra%urc of 64e39F, recommended elcevhicre on thcnﬁal confort éﬁounds.
De Sumnarye

Factors causing compleints of high humidity were identified and

the mognitude of their offects vwas derived.
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Zable De 1» 1o Hean end stonderd devigtion of the major voriables

Stendard
Varisble ‘ Mean deviation
1, Anbient temperuture (°F.) 4
head . 72&6 440
branic 72.3 4,0
feeb 71.8 2
2+ Vater vapour pressure (maeHg.) 10,2 2.4
3¢ Radintion (°F. cxcess over
‘ embient) hesd 4.3 2.8
Truni 241 1.5
.  feet 1.6 1.6
4s kir movenent (f£apemas)¥  head 4459 g; 21 f‘p.m.i 1,16
trunk 477 (23 v 1,21
fect 551 (& 0 n 1.50
5+ Azo (yeors) 3846 9¢3
6¢ Sex (proporbtion female) 0364 -
7« Race " Furopoan) 0.836 -
8, Buiigd 2820 078
9s Surgeon {proportion) 0.228 -
10¢ Surgical assistont " 0250 -
1l, Scrubbed nurse " 0,281 -
12, Ansesthebist " 04241 -
15, .Spring (fxoction responses Merche
Hny) 0s260 -
4. Sumer ( ® 0w . Junew |
: \ S fugust) 0.187 -
15 Auntumn ( " " Sepbe=
Hove) 0,292 -
16, vinter ( ™ n DeCew
Feb,) 0261 -
17+ Stay in room (hours up to time of
quest:i.oning) 2+00 111
18, Stress ‘ 1,46 073
19. Proportion wearing glasses during :
operation 0. 287 -
20, Comfort for hesd %’i‘l) 3e69 1.14
for trunk (T2) 851 ’ .17
for foct (‘I‘3§ 5. 31 097
21. overzll (To'= 1/3
(2, T, '1*5)) 350 0.%4
22+ Dezree of visible perspifaiion on
- forehend (F) 0.58 ' 0.62

Variables 6, 7, 9«16 ond 19 are none-netric so thet o standerd deviation

is not an appropricte measure of dispersion.
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Toble 5, l. 2+ Correlation latrix

L

i w» R v ik} .P,i‘ it io I3
T 1 0a275 = 04159 = 0,233 0.466 04262 0452 0,500 04366
Ve’ L1 TS = 0,204 0.267 0,202 04275 0,230 0,198
R -~ 1 TS 0061 0,118 <0.061 - 0,076 WS :
o | 1 = 0145 ~0.097 ~0.161 = 0u171 = 0,068
LN 1 0.366 0,768 0,887 0,476
P 1 0375 0379 0.21‘8
N j -1 ~0..9:11 0.535
T, | | 1 0.76%!.

T3 | , 1

:Cowaky&ion coefficients are bosed oﬁ 24566 pairs,
{(+% Those grecter then 04051 aro significant ot ihe 0401 lovels)
logend: t = dry~bulb temperature, VP '= vapour pressure of waboer,
R = rodlont excess tenpe:awre, ‘v% = squarc root of air velocity
T3 » Thermal vobe at hecd height
P = observed fore‘neac} sweating
T = thermnl vobte ot body helzhbe
Tz 2 thermol vote av fechs
To = /3 (Pg + T2 + T3)
T3y P are relabted to values of physicol variebles meosured at head heighte
Tg; To ¥ " " wow " .o " " body M
TB‘ is th u noou " oo " ® feet "

Correletions omong physicel varisbles relate to messureucnts ot heesd height.
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'i'able S5e le Ze Coefia.c:wnts of the Te~ression egquations for
nredlction of subject's Tesponse

Ze Varioble ‘:"%esponsc
, ( R\ Ty ‘Ta TO , P

1. fzbiont teaperoture (OF.) 04126 . 0,134 - 0,091 0.118 0.038

2. Teter vopour prossure

(cmeFee) 0.066 0,076 0.048 0,062 0,033

3. Radintion (OF,) 0,037 04095 0,050 0.079 0.025
4s air movement ( /volein Zupeme) = " - 0,073 - 04030 = 0,058 . =

 Constant ~ 64340 = 64848 = 3,669 = 54636 = 24694

G

Multiple correlobion -
coelficient 0,504 04503 04394 04548 0,351

Correlation coefficient with )

ambient teaperature ‘ ,, :

only 0466  0ed52 0,366 0500 De262
The regression oquations arc of the fomn

Predicted rosponsc # o + byXgy + boity + oess

ond the $oble gives ¥he values of the coofficients bl, by otcs and of the
constont c. "ALl the coofficients listed oxceed dwice thoir stendard
OrIOrSse = indicobes thet the varizble wios not enbered into the

.

regression,ite e’fect on the residual sum of sgqunres being mui‘_,._i.*icant.
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Table 5. 1 4. Comparison with other indices of themmal comfort

Velues of the correlation coefficient beotween
the indicobed resronse and the index

‘ Mecn vaive in , . T, P
this dote - ‘

pivient tenpercbure T2.6°Fs 00466 D.262
Globe thermometer temperature  76.9°F. 00448 0« 306
Equivalont bempercture - 72.8%%, 04482 04300
Effective temper:ture 68 1°F, 0.481 0,285
Singppore or Equatorial Comfort

index 67+0°F, © 0.481 0.281
Regression (Toble 5. le 3) - 0504 0. 331

The correlation with the Singapore index was caleulabed for teble stoff
only, ise. ansesthetists were excluded from this calculation.

The definitions of the seversl indices ore given in Bedford (1964)
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Table e 1. 5s_ Coefficients of the rewcssion equations for
: prediction of the subject's response
ALl mg jor variables

Xe Yariable nes:;onse
le Aubient tcmperature (OF.) 0el120 04124 . Q.09 . 0,111 0,036
2. Viater vopour prescure (mmHge.) 04065 0.066 . 0.050 _ 2,056 0.030
3+ Radiation (°F.) 06015 04051 0,040 0.047 0.009
4  Adr movement ,
, { Jvel. in £.pems.) - =0,056 - 0,047 =
Se Aze (for each 5 years over
; 25) ~0:048 =04028 =0.064 <=0,045 «0.041
6. Seox (Female) - «0s124 - - =04263
T+ Race {Ton-Europcan) - - - - -0y 111
8y Build {Foty 1« = Thin, 5.) - - =0, 05 - ~0e042
9P Sur{_’,’ean Oe 235 0188 Ou 065 D 184 Ou 254
10e Surgical assistont 0,007 «0.017 «0.043 0,028 0.011
11, Serubbed mrso 0.007 0.188 0,065 0.028 = 0.057
124 Ansestholist 06239 w0382 w0091 04256 «0,186
13+ sSpring (Marche-lsy) - 0.160 = 0128 =
e Sumer (June-fusust) - 0+ 166 - 0117 -
15¢ Autumn (Septe-Toveaber) - - 04 166 - 0,090
16, Tinter Dec;-??ab.g - - - - -
17+ Stay in room (hrm - - - - 06042
Constont to *'5» 622 «54 991 "'30467 *4-929 =24 262
Multiple correlatbio: .
coefficient 0520 0541 0423 0,576 0,490

The form of the regression equations is nc described in Teble 5. 1e e
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Tablo 5. 1. Ge  Fouivaleond thernsl eflfcet of obher varicbles.

Ax Change in the specified variable required in oxder to produce the

some effect ao 190, drop.in cablent bempercture,

Varicble . | : ' Response
Vopour pressurs, rieHge -~ 1,8 = 1.9 = L8 « 2.0 =~ L2
% Relative lumidity et 68°F, - 10 - 0 - 10 b E I |
Rodiation, O @ 8D = 2,5 = 23 = 24 = 4.0
Air movanent, Ipme ob 25 fpm.. - 27 - 30 -
Ape, yooxs 12 2 7 12 4

Stays mimutes in theatre - - - - - 51
B, . Change in smbient bemporaturc, °p,., roauived to produce the ea.fne"
. response in the specified class of individual aos thet observed dn

. the population as o vholes

3

Class cI_m,grdc:ber . Res:ao;zse
T 1 T - T 3 T, P
sex {femnle) - 1.0 - - . Te3
Race (ron-Turopean) - - - - 30l
Surgeon ' - 2.0 =15 = 0.7 - 17T ' = T.d
Maesthebisct 2ol 36l 1.0 2l 5«2
Fet oubjocts - - - 12 - - 243
Thin subjecis - - L2 - 2.3

Os Change in pobient teomperature, ©F, regulired to producc the same

Tesponze in the zivon seagon as obiained in winbers
4

Scoson Response
, m
Ty s TB T o P
Sprinz ?ﬁarch-ﬁay) - - 1.3 - - 1,2 -
Sumner {Junc-iusust) - - 1.3 - - 1.1 -

ratunn (Sept.-Tovesber) - - 1.8 - 245



for mean observed 1uog of the other Varlﬂblesl

1
Tl T2 TB 10
Surgeons 648 67+1 7040 66,1
Surgical assistonbs 66,7 E7e4 70.5 7«5
Scrubbed mrses 66T GTel 7040 © 6745

Annesthetistse GB.8 T1.8 - T16 6949

Tl’ Cor T" are the scale values of the inbervicy response for comfort
of heood, uruaw and feotb rospectmvely. T the conernl comfort Tosponseos
= 13 (21 + Tp + 3)s

Tﬁe values given have been coleulaved from the Tegression oquations |
given in Toble 5. 1. 5, cond represent the cwbient tcmperctures at tihich

the hishest propordion of each cabogory stabed thet they were comfortables
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Teble 5. 1. 8. Responce lo some enviroimmentol elrcumnstances

Chance

+

FProm 'relcxed' to *Lonse otmosphore?

From ninor $o major operotion . .

From 'no nistokes' to 'two misbokes®

Incrense cqual to 2 x S.D. ims

Hean voriation of air velocity
{ + 4452 £pme)

‘Frotrics ond exifts to theatre

( +134/nr)
Uovenants within thentre ( + 52/hze)

Moximen moiso lovel ( + 7.4 paons)

chonme in ambieat toaperature,
Op,, producins Same effect om

T, P
20 . 5.4
- 22
- -
- - 204
- - 2.0
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Pable 5e 1. Qe Coofficients of the regression equabions used in
 3he calculotion of predicted votes and Tndex

Temneraturess
Variable Regponse
Ty 5 Ty T P
Anbient Temperzturc, ©Fe 0,120 0,126 04091 0,113 04033
Vapour prossure, mieHge 0,065 0,071 0.048 0,059 04035
Hadiction, OF. 0.014 -0.058 -0.052 0.053 =
Mr Movenent, (fm-)"l" ‘ - «0s055 ~0.030 =0.046 =
Status = 1 for Surgeon - | om - - 0,417
Assistent ‘ - - - - 04237
Jnnesthetist ~0s 366 0,506 - «0:344 =
Sex = 1 for femnle - - - - «Del24
Constent “50669 0s1l2 w3669 «5.136 =24251

1faltiple correlation coefficiont,R 04516 0.533 0.394 06568  De452

cfs Multiple R for Thermal varizbles
- only 06504  0s503 0.394 0.548 043351

for all voriables 0,500 0.541 0.423 0,576 04490
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Table 5. 1. 10 Fauations used to penercte other Thermal Indices

Yarisble Equetion
I I IIX

Equivalent Singapore Effective

Tenporature Index Teaperature
Ambient temperature, T.0R. .00 . 0.574 052 ¢
Vopour pressure, misHge - 0468 -
Relative humidity, H, 55 : - - ~0al19
Cross product TxH. - - 0.0036
Alr movenent, (V vfpm.) -1e474 ~0#251 T wld69
Cross product TX 0.0147 - : 0.019
(Mean rodiont Tenperature, THR)-T 0,478 - C -
Constant ‘ - 21,23 27«8

Egustions I and III may be written in the following forme
I Fquivalent Teaperoturc 2 06522.T + 044T8.THR = 0.0474 ¢ V. (-1004T)
1II Bffective Tenpercture = 0052, + A(040036.T~0+19) = /T (1+69-04019.T) + 2728

Equation IV

Effective Teapercture = (60 + 045 ﬁ’-—) (T - 42 = 048 ﬁ ). + 4504
(T = Ty + 65 = 0els JT—) .

(z - 7}, the wet bulb dep‘"essmn of on Assmon themometer, is given
approximately by (T - Ty) = (1 - 1{/3.00)(0.36.*13 - 2.6) if only 7, :a. are
available.

Equation :v vizs derived geomebricelly from the Effective Temperature nomvogram '
(Wormal scale), and applies only to the ronses 60 < T < 809, % <H < 707,

10 < V< 100 fpm, with en sccurscy of * 0.5,

Bquation ITI was derived by mulbtiple regression gnalysis, using the data of
the survey, and estimcbes Rffective Temperature (as derived by Fquetion Iv)

wvith g stondard deviction of ¥ 0,18°F.



Toble 5. 2« le Rermession cguations for S-vote.

Calculsted for the totel cxperimentsl po
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Varicble Equation I Equation II
(Thermal varigbles (411 varigbles)
only)
Coefficient RS Cocfficient RSO
TPemperature, %F. 0.061  0.154 04058 0,154
Vopour Pressure, mueHge 0.040 04174 0.040 ' 0,174
Redintion, OF, above D,B, 0,018  0.179 - -
Ansesthetist - -0e16T 0,187
Sex, female - 0.121 04193
Stey, hours - 0.024 04195
Congtant .. =579 -71. 319
HMultiple R. 0,423 0.442

Totes 'RSQ' columns tabulcte the proportion of the tobtel varionce

abtributoble to the resression at ecch step in the

sequential procedurc.
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Table e 2e 2. Correlotion coefficients vith S-votes

Calculated for the total experimental populction (N = 2566) for

readings at head holght,.

Effective Temperature
DsBe Teapercsiure
Equivalent Temperature
Yean Rediant Tewperature
vépour Pressure
(Relotive HMumidity

(air velocity)%

(Radiation Txcess

Corrvelation Coefficient

04403
0.392
04391
Os 354
04243
04008, TS)

=0s 101

04022, 11S)

Totet Corrcliation coefficients grester thon 0,051 are

slgmificant at the 0.01 lovel for N = 2566
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Trble 5. 3 le Resreoseion cauntion for Veyvobtas

Varisble Coefficiont RSO

Tenpercture, ©F. - 04056 0. 127
Vapour Pressure, mi.Hes - 0,041 O« 146
Ansesthetist C.214 ' 0.161
Autumn 0.094 0.165
(air velocity, fpme)¥ 0.035 0,168
Jonstank ’ 64863 w -
Multiple Correlgtion 0.409

Jote:s Based on 2566 cases, 'RSQ' column tabulates the
proporbtion of the total variance abtributable to
the regression ot esch step in the sequentisl

procedurcs
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. Pable 5, 4e l. Rogrecsion eacustion for Hevobe.

v

Yerisble . Coefficient RBSQ
Teaperaiure, °F, ' 0.031 0,106
Vapour Prossure, mm.llge ~0e033 0,132
Surgeon 0.178 0.143
spring _ 04096 0s151
Age (years over 25) «0.005 04159
Consbant -2, 270 -

Maltiple Correlation Coefficient 0,398

Totes Based on 2566 cases.
tR8QY colunn tabulstes the proportion of the total veriance
abtributeble to the regression at exch sbtep in the sequential

procedure,
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ANALYSIS OF INCOMPLFIE DATAe
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€ 1. Subsidisxy responses the perception of moise
1, Introduction.

Surgeons freguently complain of the noise in opersting theatres,
particularly vhen the critical stoge of an Oper::tiola hes been reachede
Very little has been done to reduce noise levelss In the interests
of hypiens the walls and floor must be of herd, essily elenned materisla
In the interests of frec movement within a sulte, there are often
no doors between the veorious areass Sinks and bowls are offen of
steinless steels Section 6. 2. will show that unexpectedly large
mmbers of people move through opersting theatrTes during operations,
The resulting noise climate is reverberant and highly variable,
conteining high frequency tronsients from impact sources. Broadbent
(1957) has shown that high frequency noise is more distracting than
low, and Woodhecd (1959) has shown that s brief loud noise leads to
& pericd of distraction from concemtrated tasks involving decision-
making, Sanders (1961) found thot veried, unpredicteble moise affected
performance on concentrated tasks more thon did monotonous noise.
It is therefore not surprising that complaints of noise are common
in opercting theatros vhore the sound pressure levels moy in fact
be very low by irdustrial standards. However, there remains the
possibility that such complaints are merely o gemerslised response to
stress, and would be unaffected by reduction of the noise levels The:
present section desnls with an investigetion of this points

2. Hothode
4 question on noise was inclnded in the sequence of questions

described in Section 3. Subjects were asked if thor considercd the



193,
theatre had been oo noisy during ﬁze immedintely preceding poriod,
and their snsvwers werc recorded as 'yes® or 'no'.

An estimte of the noise climate wes made using o nolse mebor
incorporated in the cssenbly of other envirormental instruments
designed by Dre 0.1, Iidwell and constructed st the Centrol Public
Heolth Laboratorye The moise meber provided a record in the foxm
of points on o papor chert, printed cach five seconlse The chart
rozding in microsmperes weg logerithmically relsted to the sound
pressure level over the data ronge, es-chown in Groph 6-l-ls Arbitrery
noise scale units were used for reading: the chart, the values 1-5
corresponding to 5, 10, 20, 40 and B0 microgmperes respectively.

Thease are related to sound pressure level in dB rc 0.0002 Dyﬁes/cm.?-
at 1500 Hze in Graph 6~1-l, The renge ves therefore 50-67 dB. The
froquency response of the instrument was erronged to be approximately
the same as that of the ear, and the values therefore spproximzte to
phons for general noices

Records of the noise climste were $cken during operstions, with
o desk microphone on a teble at the periphery of the theutre. Because
the acoustics of hardewalled rooms arc reverberant, the oxact position
of the microphone vwas not critical and the readings are relevant %o
the exporience of the ansesthetist and teble staff. Records were
token for os long os possible, often for an hour or more, end thus
provided representetive semples of the noise in the periods studieds
o records were token beivecn operations, as the noise level wos
alvoys considerably higher, ond questions on noice did not relate

to these tchangeover' periods. Occasionglly it was not possible to
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obtain records, perhaps becouse operations were too short or ended
unexpectedly soon. In these cases; nc} asswnptibns vere made sgbout
the ttypical! noise climaté of o theatres In foct, noise levels
secnod to be related mach more closely to the preference of the
‘consultant surgeon than to the characteristics of thé: theatre itsolfe
Repliecs relating to periods for vhich no recoxd was eveilnble were
discorded, ond the onelysis of the noice response, or 'Hwvote', has
therefore been placed in the *Incomplete data' séchion of this thesis.

Records were quentified in two vays. Fiz:stl,y, a "“basiic noise
level' woo foundy this was usuelly véry clearly o level to whiéh
quict periods tended ssymptotically, end beneoth vhich no rea.d.iings
were obtaineds The noise scale unit immedictely velow wms v:ri.tter;
down; for example, if the buse noice level was that corrosponding
to 15 mieroauperes, the figure wos '2%s The information contained
in this form com be expressed as 'the noise level was at oll times
above level 2 (54 dB.)'s

Secondly, the level excecded for 20 of the time was founﬁ,
snd pooin written down as tho next lowest noise scale units | An
'805% lovel' of '4' means therefore that the noise level exceeded level
4 (ce6245 dB) for ot least 20% of the time, but oxceeded level
5 (c.67 dB) for less than 205 of the time. It is recogmised thot
this is o foirly crude method, but the moise levels were 5o varied
that o more thorough mumerical approach would not hove been justifiéd.

3s Results,.

Over four hundred moise records were obtained, and 2,222 related

1
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ropliess The noise levels were distributed approximately normallys
the neen vase lovel wing 515 dB. vith s standard devistion of 4.7 dB;
the mecn 80% level was 0 dB, with o stondard deviation of 3.7 dBe
The mean response vas 0252, iscs 25.2% of those intervicved consi-
dered the thestre had been too noisy. The sbandard devistion is nob
en apprepricbe meosure of disporsion for o quantal resyponse. However,
the meoon Nevoies for surgeons, sssistents, mrses and anaesthebists
all loy i)c:'pween 25¢%% and 2675, o very markedly uniform response, perhaps
unexpected in view of the different functions performed by each staff
categorys. Tor all subseguent analysis, the data from all stoff
catogories has been pooleds '

Groph 6«12 shows the relation boiween the probit of the
proportion complaining of excessive noise and the two criterion
moise levels, The regrescion lines shown were derived by an iterative
gpproximotion to the moximunm likelihood solution as given by Fimney
{1947)e The difference in slope between the lines does not approach
significonce.s There is no heterogencity significant at the 0.02 level
for ecither line, and the responsc is thus seen %o be related to the
stimulus level in en oxderly waye The 80¢% level should bebelow
42 4B in order 40 ensurc that no more than 5% of thestre occupants
comploin of noises If it rises pbove 73 dB, 507 of theatro occupants
will complaine

Table 6m=lel shows g Teduced correlation motrix for o mmber of
veriables with ‘;)oth noise levels and HNevotes Coefficients excecding
0,055 orc siznificant at the 0.01 levels The varistion of the 80%

level accounted for only 27 of the variation of the Hevote, ond the



196.
base noise level hed even less effecte Thermsl stress, as mecsured
by the Index tenperature for hecd hoight response, did not sisnificontly
‘influence the Nwvote, even though the meosured noise levels wvere
positively correlated with the thermnl stroesse This association
is probebly due to the foet thot older thestres tended to be both
hotter and mora noisy.

The 80% noise levol we lover in difficult operations and vhen
the *tension' was high, though in neither case was the base noise
level affocteds The occurrence of misteies in procedure tended 0
be associated with an inerecsed 80% moise level, and vhen the tempo
was fost both base noise level and 80% noise level were increased.
Tone of these varigbles hod an effect on the H-vote, and their effect
on the measured noise levels, though significont end interesting,
wes Smalle

Vhen o surgical complication had occurred, there wore more
complainte of noise, though the noise levels were not significontly
incresseds This is the only case of a varigble other than noise
leading to complaints of noise, and the effect is oxbremely small.
Neither did the other responses made by subjocts appear to affect
the Hevote, as they would bo expected to do if complaints of noise
vere fundonentelly o symptom of generalised discomforte The correla=
tion cocefficients of the Nevote with responses relating to stuffiness,
thermal comfort ot three levels, the sensation of air movement and

the observed forchesd sweating, did not ppproach significances Come
plaints of excessive humidity were correlated (r @ 0.074) with complaints
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of noiso, and this is significonts Hovever, only 0.5% of the variation
can be accounted for in this woy, ond the effect is tfms morginal,

Yhen the method of seéuential rosression annlysis wes epplied
to the noise data, wvery little nevw information was o’ote,insd.’ The
deviation of the obscrved forcheod sweating, P, from the predicted
swenting, P(P), as cnlculated by Equation § in Table S«1«9, was mede the
dependent variable in a sequential multiple regression aml&sis.
The 80% noise level could be shown to affect this measure (F(1,2219) =
842) but only to account for 0e4s of the variations Thic result is
roforred to in Section 5.1. and éppea.rs in Table 5.1.8¢ Observed
-sweat rates were lowsr vhen 80% noiso levels were highor ( + T4 dB 2
- 2.F«®)e The renson for fhis‘wé:a probably thet the stress swenting
wos reduced vhen tension was low end telking omd loughter, o lmost
alwgys the source of high level noice in theatres, verec consequently
more frequent. The effect of noisc level on devintions from the
predicted themial votes could vot be shown to be significants

Tﬁe method of multivariate onnlysis did not reduce to insignifi-
cance the effect of surgicol complications on the percepiion of
noise, nor did it briny to light any further vericbles hoving e
significont effocte In accordance with the simple correlations,
80% noise level ontered first with the Nevote as the dependent
vorisble. Complaints of moise are therefore probably related to
the upper levels reached raothor then to the minima or base levels of
noise.

4. Discussion.

Complaints of nodse seez to be cousally rolated to mezsured
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noise levels alone, with the sole and reasonsble exception of
slizhtly increcsed sensitivity to noise vhen the surgical situation
becomes more cxriticals The absenco of heterogencity in the probit
regression indicates that there is o normsl distribution of response,
but the low correlation coefficients obteined show thot thore is
considerable variction in the subjective criteria of noise aunoyoncce
Diflerent cotepories of thestre gtoff do not appecr to have different
molse oxpectancies, thovgh lansdon (1965) found this to be the case
for different caterories of office worker. Differences betwoeen sexes
viere nonwexistent, snd the roncining 984 of the variation must be
ascribed to other intor and imbramindividunl differoncos thob vere
not meagsured in this surveye The dependence of measured noise levels
on the somevhat esobteric aspects of the surglcal situntion sssessed by
the obsexver is of inbterest chiefly as cross validabions

e  Sumorye
Comploints of noise were related to actunl noise lovels and
d:;d not seex tc bo symptoms of genernlised disconmfort,

6s To Sbafl movenont end occupancy.

i+ Introduction.

A8 part of emother study, on ¢ rumber of odcasions g epreful count
was mpde of the mumber of people in the theatre, the number of entries
ond exits,apd tho amount of movenent within the thentre, Complaints
of undue novement in theatres ave comons and it is of interest to
¥mow what feoctors govern the ocourrence of such compleintss The

prosent subesection denls with an investigntion of these fmclors.
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2. Hethode |

Recoxrds of all sbaflf movements in, into end out of the theatre
were kept by the murse for periods of about an hour during roushly
half the sessions studieds For this purpose, she used o dovbleeentry
teble to record the storting and finishing point of each discrete
movemcnt, 08 described in Section 5 This enabléd detalled trafiice
flou plans to bo madey, but for the present purpose the dala was reduced
to two figures, representing movements per hour within the thectre,
and entries end exits per hours A third figure gave the mmber of
poople involved in the movememts hovover, aos the hish entry and exit
rebeq show, the actual nmnb;ar in the" theatre was consbantly changinge
Ho records were taken bebtvween operctions, vhen movement rotes were
‘mceassrily considerchbly highers

Subjects weore asked vheother thay considored there had been too
‘muc}z movenent in the theatre, and vhethor they considered there had
been too many people in the theotres The answers to these questions
were recorded as *yes' or 'not (1 or 0) ond form the M end O- votes
respectivelys Hore than 1200 :sefs of replies were obtained that
referred %o periods in vhich nmovement records had been bcken. The
tZacond?! method referred to in Section 4 was used to deal with this
incomplete data, vhose resulis therefore form o subesection of Section 6.

%« Rosuliss

Intrios and exits veried botwecn 1 and 450 por hour with a mean

of 122, MNovements within tﬁe theantre verled bebtveon 1 and 100 per

hour with o mecn of 45, Occupancy varied betvween 3 - and 19 with e
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mean of a’bcgut 10 7This figure represents the number of different '
people present at some timo during the operctions studied, not
counting the cuthor or observer. The ﬁxean number of people conmbimwously
present would be considergbly loss thon thic.

Tho Ii=vote results for each staius cate;'f,ory are shown in Table
6+ 25 1o In all, 287 of those questioned complained of excessive
movement Suring opemfcions. Scrub-mirces and amesthetists compleined
more fion surgeons end thelr gssistonts, and tho differcnces betweon
septus categories are si.;;.nﬁ.fic;ﬁt (P <0.02) using the chi-square iest
for indepondance (Pisher 1958)s Teable 6.2.2s shows the Ow-vote results
in smila:r. foras 1In £ll 267 of those queétione& complained of over-
crowding during operctions. Scrubwmurses complained more than |
angesthetists, ananesthetists complained more than surgical assistonts,
and surgeons compleined lecst of alls Agpin, the differcnces between
stcius cobegories are significonte (P < 0.01)e |

Groph Ge 24 1. shows the locrense in comploints of excessive
noveaent with increcsing entries and exits per hour, ?or 2ll status
coterorics, ~ As the probit tronsformation hae been used, o linecr
rozression is expecteds Betweon 15 and 205 complained bclova 60 entries
and exiys per houry not moxe than 407 complained even ot 300 entries
end exits per houres Tho corrsleation coefficient cft 0,092, though
siznificant at the 0.01 lovel, menns thed varietions in actual levels
of movement gccountedfor less than 1¢% of the total varistion of the
Heyotew

Graph 6e 2¢ 2o shows the dependanco of the O-vote on the munbers
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of people observed in the theatre during the aessioﬁ,' for 21l status
'G&'be@pﬁ.é& Complaints increased from 3¢ with 5 people in the theotre,
to 24¢% with 10 people and to 4T% with 15 people, The corrslation
coefficient of 0,229 is highly éigxnificanb .and implies that verigtions
in the mmber of people in the theaire accounted for sbout 5% of the
tobal variation of the Owvotce

Table 6. 24 3¢ chows the correlation mabrix obbeined for this
datas It is Torth noting that the movement within the thestre had no
significant effect on the M=vote, and was negatively correlated {vith
the noise levels meazsured in the thectres, This indicstes that movew
nent within the theatre was not distracting end 4id not increase
noise levels, The muber of people in the theatre had no effect on
the noise levelse The inference is thus that high noise levels ere
probebly due to telking rather than to movement and activity within
the theatre. Entries end exits to tho thestre led to compleints end
increcsed the meceured noise lovelss

In an sttempt to idemtify other causes of con;plainta of excessive
movement, e sequential multiple regression enslysis was performed with
the Mevote as dopendont varicbles Teoble 6. 2e 4é chows the regression
coefiicients obipined, all of then significantly grester than wero
ab the 0,05 levels IHore comploints vere made in difficull operations
and vien the team were working quickly; high tesperatures and air
velocitiecs were alsé associnted with incrensed complaints of movement
in thenirése Thus there wos on slement of speed stress and of
thetmpl stress in this response, accounting for ebout 1.57% of the

total varictions
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The effect of movement on themal responses was also investignted,
using devintion froa the predi.clfed response os the dependont varicble
in sequentinl mulbiple resression anslyses, as set out in Section 4.
The. equations of Teblo Se le Je were uoed to generate the predicted
T3 ond P responsess o effect of movement on Ti (thermal sensation
ot hecd hoight) could bo demonstrated, but Teble 6. 2 Se chows the
regression coefficients. obtained with (P = P(F)) us dep;zzﬂam '&aﬁable-
Movenent voriables v:cm';f:omeé :i*ﬁso the equatién before he other
Vorishlos could cnber, A11 the coofficients ore significantly differont
from zero ot the 0405 léarel. ' Torchend sweating wee less for high levels
of movement within the theatre, more for largme mmbers of entries end
eﬁts. Tension end the difficulty of cperctions hnd independantly.
sigmificant effects, s0 the apparent effects of movement are not due
to correlation with theso fectorss IS i‘ore;hea.d sweeting iB8 & symptom
of stress, as auggcsﬁed in Sechion 5.1, the, inference rmust be that
entries and exits temd to increase stress, orgucbly by their distracting
nature, while frec movenont of staf{ within the theatre tends to decrease
strosse A comparison of the masnitude of these effects with the effect
of pir temperoture is nede in Table 5e 1. 8o

4 Discussion.

Conplaints of Yoo much movement' in theatres clearly refer to
entries ond exits rother then to movements within tho theatré. The
miabers of entries and exits recorded pre indeed very high. On more

then half the scosions studied, the emtries and exits corresponded to
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one person}éntering and leaving ogoin ecch mirute throughout tho
session. 1% should be reaezbercd that recordig ceased vhen the
oper:tion emied; +these high rotes of embry and exit occurred with
on open wournds In view of the bactericl risks knovin to be pssocisted
with movenent of staff in tho thentre, some radical messures seenm -
called for to reduce the traffic during operations., The mmbers of
people entering tho thestre during opemations wore =lso highy this
is undesirgble for the same resson, and could well be reduceds

There is evidence to suzzest thot complaints of movement ond of
overcrowding con be symptoms of stress rather thon responses to the
actual levels of movement and occupsncy, but no mensurnble foctors
vere idontified thet could account for more thon o small froction of
the variztion in these responses bebveen people and between occaslong,
In genersl, surpeons ond their apsistants tended to complein less
thon scrube-mirses snd annesthetists,

5. - Sumuory.

Compleints of movement and of overcrowding were reloted to the
measured levels of stoff movement and oocupancy. Entrics and exits
were shovn to lecd to more distraction than movenents mode within the
thectre. Some evidence was provided for the view that complaints are

reloted to stress as well as to sctual levols of movement and occupancys

6. 3+ Yaristion of air velocitys

1. Inotroduction.

Bedford ond Warner (1933) showed thet the ¥variabilityt of air

velocity wae an inmportant foctor in causing sensations of freshness in

Surtaers A common complaint in theptros is of lack of freshness, or
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stuffiness, in spite of high xetes of air changce It would be of
interest to umow if these compleints were due to insufficient ;rariability
of the eir velocitye
2. lothods R

The method of messuring air velocity deacribefi in Section 3
resulted in the longest records of gir velocity being obicined nt
head heignt at the table, since the rudiometor took at least‘ two or
three minutes to recch equilibrium under the lamp. During these
periods, the olr velocity wns sanpled et four second intervals, twice
in tventy seconds. Records hoving at ;.eavst six volues of zir velocity
recorded in sequence were selected, anci those showing a systenatic
trond were discardede Aboubt 500 sets of recdings satlsfied the condie
" tions, and over 1600 sets of responses could be relatadto them, none,‘
from pnnesthobists. Preliminary exemingtion showed that the distribu-
tion of pir velocity recdings gbout .their mean vhen measured at such
short intervals wos not even approximgﬁew normaly, in many cases being
cloarly bimodanls The stonderd devietion did noi therefore seem an
appropricte mecsure of Yvariphility's Bedford anc Verner had used
the mean variction, and this proctice wes followeds Deviations from
Yhe mean, rescrdloss of sism, werc measured, end thelr average taken ‘
08 on estimnte of the meon verigtions This quantity has the merit thet
it is linearly related to the difference betwecn the two most common

values in a bimodal distribution; it is argugbly this difference thet

is detected ns tvariobility' in o turbulent eir stroom.

‘The mean veristion in feet per minute, was recorded for 1600 cases,
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ond tran.»ferred to the Zecard &8 described in Section 4¢ Mn attempt
was then made to relate the mesn variation to other verisbles and to
subjective responses, within the reduced scmplee

3% Resulis,

The é.verage veluo of this meesure of varinbility wes 4.3 fect
per mimute, shout 204 of the meon oir velocity. Toble 6. 3. 1. gives
the correlcilion matrix o’o{tained. Following Bedford ond Vernery the
mean voriction of sir velocity woo celeulated altc;mativaly 88 & froce
tion of theo meon air welocity during that run of measurements. This
edditionnl mria‘blre appears glso in the motrix. It does mot aépear
to be correlated sipmificantly with sensations of stuffiness, themsal
confort gt hecd height, or the observed forehend sweating, vherecs ‘che
meon varistion of zir velocity itself shows significant negstive
correiatién with 21l three. However, this could be explained éither
by the significent positive cori*e]ation of the measure with air velocily
itself, or by the significant negntive correlation of the mecsure with
teaperotures. In fact, when temperature, vapour px"essure and the zir
velacity ore heid constant, the partial correlation of the mean
voriction of pir velocity with sensations of stuf_‘iness is reduced
£7013 ™ 0.061 to - 0,016, vhich is not significonts Tho portial correle~
-bn.on m.th observed forchead swe‘..tmt, is m.milarly reduced t0 noYie
signi.ficance. Only in the cese of the therinl sensation et head
height, for vhich the influence of air velocity has been shown in
Section Sele to be quite negligible, does the partial correlation
coefficient of mesn veriotion of air velocity, with temperciure ond

vapour pressurc held constent, rencin significont with o value of
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«0a051s Table 6« 3. Jo shows the reogression equation obtaineds All
the coefficients are significant at tho 0.05 levels Varlation of pir
velocity eccounted for less thon 0.2 of the totnl vorience. As shown
in Table S¢ le Buy o doubling of the mean veristion would hove less
effect than o drop of 1.F° in gir temperciures
4. Discussion.

The messuredvericbility corresponds to that of e 'badly ventilated
room' in the datn of Bedford and Varner; they werc unable to shom - an
effect of varighbility of sir velocity in winbter, vhen windows were
commonly closeds It is thus not surprising that; the occupants of
operating theatres; with very much less skin exposed, arc only very
slightly affected by the varisbility of the air velocity. The measured
variability of 4 fect per minubte is well below the threshold of
perception calculated by Turner (1955) as o result of lsboratory
experiments on e single subjeet, vhich was 110 feet por minute ot
40 feet per mimute. Perception of changes of oir velocity within
periods of less than & mimite is o reasonsble pre-requisite for
sensciions of frechness to occur, and would explein the present nega-‘
tive findings." Howéver, a significent ef.‘féct -was demonstroted for
thermal sensation ot hesd height. 4 possible resson is thot the
inerensed Vorisbility of gir velocity coused by turbulence is sufficient
to di‘sperse ot lessd paﬁially the Ystrecaingt le&or of convected, slove
moving wexrm oir close to the skine This could probably occur under
conditions that did not pernmit direct perception of changes of agir

velocitye
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Se  Sumnaxye
Thefariabiliﬁ of ﬁw alr velocity as measuroed by the mean
veriotion accounted for more of the Variatio;'; in subﬁectivo response
then did the sans quantity expressed as o fraction of the pir ;velocity
itsels, Appérmzt]& significant negntive correlations with tho sensge
tion of stuffiness ond wifh .the obsorved forehead sveabing were reduced
to non-significent partial correlotions vhen temperature, vapour pressure
end air velocity were held constents A very suell effect on thermal
sensotion st heod height could be denonstrated, and was in the expected
direction,

6+ 4e The effcct of tempersture variotions outside the theatze.

1., Introduction.

Although people working in opercting theatres do so fér severzl
hours at once, =nd therefore hove ample time to adjust physiologically »
to the thermal conditions encountered outside the theatre might hove
some effect on thelr reactionss For example, a warm day outside might
lecd people to judge theatre temperatures Cool by compsrison, or
comversely might lend them to expect warmer theatre conditions and
bigs their judgenment of the actual theatre beaperature in this direcs
tion. If this effect were of any magnitude, its direction would be of
considergble interest in the question of vhether to provide cooling
plant for operating theatres, Agein, changes ogcasioned by Ywam
spells' of severnl weck's duration are of imterest. Seasomal changes,
toking plece in the course of severnl months, heve been examined in

Section 5¢ 1l and found to ecxist. The presont subesection exanines
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thé effects of shorter duration variations in externsl tenperature.
2« Hethoda

At some time during each session studied, the temperature of
the rest arec in the theatre suite was measureds If surgeons rest;d
between operctions in one room, end murses in another, as was some=
times the case, the temperature of each room was recorded and related
to the appropriate personsl rocords, A mezsuxe of the“ outside
tampém’cure prior to each sessgion was obteaineds In the case of
mom’ing or alledny sessions, this vas usually teken from Meteorologlcal
VOffioe z‘eadings for Q9.00 on that day, vhile for eftsrnoon sessio':s,
readinu wa.s teken fron a aindxm of the suite at the stort of the
sessions Thus the roconds of outside Yemperature represent f£or ¢ach
person the jbexnpe:'ature experienced imuedintely before entering the
theatre sulte to chinnges

In order o identify tefnpemture svings of longer duration,
meteorological records were used to ealeulste for cach session the
mean 09,00 tempernture ovor the preceding eighteen dayse

Complete rccords of these three vorinbles were prwided for )
2327 coses. Their annlysis was necesscrily carried out by the
Ze=card mothod, bub in all other respects is similar to thet of
Section 5e¢le in thot multi'ple rogression analysis was used to
Tolote theatre conditions and external conditions simuldaneously to
the thermanl responses of subjects.

S Resu}.ts-

The dependent varisbles uaavd in the nmltiple rogression analyses

were T1, the thermal sensation ot heed hoight, P, the obsexved
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forehesd swaafing, ond S, the sensation of stuffinesce Sections
5¢ 1s ond Se 26 deal with the main factors affecting these responses;
Teble e 4s 1. sots out the results of the present annlyses, in
vhich external tomperctures were as free %0 enbor the oquation in
the sequential procedure os were theatre varisbless All the coefficients
shown cxceod Prdce thelr standpxd dovigtion. Comparison may be made
with the corresponding équations obteined from the full datea pack
for theatre varisbles only; *thcse are set cut in Tables 5. l. 5o
ond 5. 2+ 1o Agein eir velocity cannot be shown to have o significent
effect, but theatre alr temporature, vopour pressurc and the rodiont
excess temperature all enter before the externcl tempernturess The
outside tenperature con be seon to affect all three responses and tho
mean temperature to affect the two verbal responses, while the resting
tempersture had no significont effect at alls The gddition of the
externnal temperctures $o the oguations sccounted for between 0.002 and
0+005 of the total sun of squaress The offects are thus marzingl,
but thoy are simificently differcnt from zero at the 0.05 level,

Table 6. 4e le sots out the means and stonderd dovietions of the
ém‘.emal teaperaturess Changes equal to twice the stm deviation
are likely to occur quite frequently, In order to illustrate the
mognitude of the effoects, the change in theatre teaperature nocessoxy
to produce the same effect os o change of two standard deviations in
the external bemporature can be calculsted from $he relative size of
the regression coefficientss Thus a chonge from 420 to 6497, in

outside temperciure would produce the seme effects on Ty, P end S as
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would incressing the theatre temperature by 2400, 1L.8° and 1.9°F,
respoctively. A change from 40° to 589F. in the mesn tcmpérature for
" the preceding eiihboon doys vould produce the seme cffects on T1 end
S as would deereasing the theatre tempersture by 1.0% and 1.6° respece
tively.

4s Discugsions

Comparison of the theatre tompersture with that experienced only
mimives esrlior vhile resting betweon operations evidently hsd no
effect on subjective responmses or forehead sveatinge

The outside temperature experienced o matier of hours earlier
tonded to influence both subjective response and observed forchead
sveating. Higher outside tezperatures led to more compiaints of heat
and stuffiness in the theatre, and to increased forchesd sveating.

Changes in the outcide temperature lasting several wecks did not
affcet forehend sweating, bubt did affect subjective responses. Higher
nezn bteaperaturcs outside the theatre led to decrecsed complaints of heant
srd stuffiness, possibly due to habitustion. It is interesting that
vhen the tine scele is agoin extended, to tcoke aecoﬁnt of the temperature
varigtions over severcl months that are ascociated with the seasons of
the yeor, the effect is reversed. (Secction 5. 1. showed thot complaints
of heat were more frequent snd forehcsd sweating more profuse in summer
even vhen fhe ectuzl theutre temperoture wes held constante) However,

these effects of exbernnl bempersture were nlways small and of_aomemzat

doubtful significance.
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O Sumiery.

Toapercture voriations outside the theatre wore ghown o have
only merginal effects on subjective responses and forchend swestings
However, morginglly cignificont ei‘:i‘ects were shoun to exist, their
direction depondent upon the time scale of the temperzture variestions

outside the thoestre.

6s S5e Tho effoct of clothing,
1. ;, nti'oducting“ .

The ¢lothing vorn by the mesbers of a surgical besm is highly
stondexrdiseds Cotfon shirt, trousers and gown for men, cobion dress
and gom for women ave elveys supplied, and novedsys ore nesrly alvays
worn., Nevertheless, some variction is possible in that an apron moy
be worn as woll, annestheticts may leave off their gown (or wear two),
and extra items of clothing may be worn beneath the stenderd thestro
clothing, The present sub-;section reports an attenpt to discover
vhethor verichions in clothing had eny measurcble influence on the
reactions of opercting thectre stoff to their cnviroment.

3

2¢ Hethod,

The clothing vorn by each person questioned in the survey was
deterained by observetion and by interview, and vritten dowme At 2
later stoge this was roduced simply to o figure for the number of
doyers of clothing worn and s figuro tai:ing the Valu; 0 or 1 according
to whother sn apron wes worne This decoding was déne by compuber
progron, ond the two measures included on the Z-cord, wiich is vhy

these resulis appear in Section 6. A maber of sequontial rmltiple
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rogrossiou annlyses were performed with response 55&31;1'03 as the
depondont vorisbles and the two clothing mensures os independant
varisbles, frec to entor the cquations in the usual woye

3« Regulise

The mean rumber of loyers of clothing was 243, and cn apron
vas vorn by 1¥, of the sample questionod. That women tended to weor
more clothing and annesthetists less clothing was shown by the correloe
tion coefficicnts of 04593 ond - 0.244 respectively. Both were
obtained from 2553 pairs, and ere highly significante.

In studying themel sensation end observed forehezd sweabing,
deviation from the predicted velue was made the dependent variables
Yo sigmificant effects could be shovms However, the following equetion
vis obtoined for the Sevote, the sensotion of stuffinesp, os discussed
in Section Se 24t .

S-votc & 0,052.17 » 04119, 4 + 0,068 Ty = 1730
vhere N = Nos oi‘ dayers of clo‘-hinb
A s 1 if gpron worn, othem:.se 0.
‘1‘1 2 Index Tempersture ot hesd heisht, os defined
in Section 54 1, and ccloulnted from the
equation in Table 5. 1o Je

The multiple correlation coefficient Was 04428, bub the clothing
varisbles accounted for only 0.63% of the voriance. All threo
rogression coefficients are highly eignificantly different from
zero, excoedins three times their standerd errore Each layer of

clothing was thus equal %o an increase of 0,759F. in terms of its
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effect on the S-vote, vherens werTing on epron wos associnted ‘wit:h a
reduced sensabion of stuffiness eqml‘to thot produced by o drop of
1.75°0: in Index Temporaturos

. In Sectign 8 the results of similor anslyses of tk;e objectively
mogsured responses are given, It is shovn that elothing affected the
UppoxeaIn sWeet Totey; bubt not tho forcheed swestrate or the measured
skin tespercturcs

4+ Discussion. ' -

It is perhops surprising that clothing can be shown to have so
little offcet on thermal sensations. However, clothing differences can
be secn a8 o means to decresse inter-individual variation in tlmeﬁal
rroference. Those hobituzlly cold mld wear more clothing, and :viee
versse If carricd out successfully, this policy would result in
verigtions of clothing concelling out individunl diffez;ences; neithér
would have ony opparcnt effec;t on ‘qhemal sensation. An a.pz:mximation
to this situstion cpporontly cxists, tﬂﬁing together the results of
this section and those of Section 7, vhere inter-individual differences
are shown to be small in comparison vith dif:femnces between occasionsSe
Howaver, two identificble clg,ssgs of individual are clearly folling
to clothe theuselves adegquatelys women d? wear more clo’chgs than men,
but feel sligntly cooler, as shown in Section 5¢ 1. Ancesthetists
wear less clothing thon other stcff categories ond fecl very mach
cooler. The implicstion is clenx.

5o  Sumerye
The effects of wvarigbion in clothing arc ‘shozm to be extremeoly

smell. It is suggosted thet clothing varistions are being used
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near-optimally to compensate for individual diffcrences, with the
notable exception of cnaosthebists, who woor less clothing ond feel

mich coolers
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Teblo 6. le 1. Correlction coefficients with noise levels ond

H=votes
Yericble Base noise level 80¢h noice level R-vote
Index Temporature 0,234 0e223 =
Difficulty pitsd =0,078 5]
Histekes S 0,056 hits]
Complicetions b3} s 0065
Tension s «0s 133 ]
Tepo 0,309 0141 s
Base noise level L0 0.651 0.114
1,0 0,141

80% noise level 0661

Loy All coefficients oro based on 2221 pairss

velues grenter then 0.055 are thus significant

ot the 0.01 level,
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Table 6. 2e 1o Mevote ond shatusy Chiesquare for Indpendence.

Observed (Exgected! Frequencies

Stetus category
Surgeon Assistent Scrubeflurse  Anaesthetist Totals

c 446 490 ' 504 © 432 872
H-vote (421) (471) (524)  (448)
1 149 166 226 192 173
(1e8) (1s5) (206) ~{(176)
TOTALS 595 656 ' 730 T 624 2605
S Oy PR "

HEAN ¥=-VOTE 0.251 0253 0:310 0 308 04282

() = 10.43 (0,01 < P< olb;:)_\\

IR,
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Toble 6« 20 2o QO=vote ond stotuse Chiesquare for Independence.

Observed (Expected) Frequemeies

Status Calepgory
Surgeon Assistent Scrub-Turce  JAnoosthotist  Tobals

. 459 485 501 463 1908
0-Vote {436) (476) (536) {460)
1 127 156 220 155 658
(150) () (189) (158)
TOTALIS 586 641 721 618 2566

IEAR O«VOTE 0217 06244 04305 0.251 © 0s257

X%z = U371 (B <0.00)
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Table 6. 2¢ 3» Correlotion Matrix for Movement Occuponey dotoe

Bosed on at least 1100 peirs (ot least 2200 pairs vhon underlined),
the coefficients are significant at the 0,01 level, except for those in
brackets, vhich are significont at the 0.05 lovels

Entries end Movement Wo. in

IDxits Tithin Theatre Ivote  O=voto
Mﬁea and Fxits i
Movemnent within 02377 1
No, in theatre 0, 187 0,153 1
Mevote 04092 s 0. 200 -1 ‘
O-vote 1S 0,082 0:229 00517 1
Base noise level W w0144 Com (0058 (0.052)
80f mibe lovel 04189 Ua04157. 18 00

0.063
Fevote 0,084 B 0,119  Ou34 - 0e28%
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Teble 6o 2+ 4+ Begression eougtion for the M-vote

VYerisble Coofficient Regression sum
of squares

Entries and Exits (per hour) 0.00066 . 0.0085
Surgicol assistant (0 or 1) ~0.085 0+0144 |
pifficulty (0, 1 or 2) 0.043 0.0192
Tempo (0, 1 or 2) 0,048 0,0225
Temperature (9F) 0.008 0.0249

Alr Velocity((felt per mimte)?é) 0.026 0.0294
Constont =0e641

Multiple Corzelation Coefficient 0,171

F (6, 1197) = 6,042

All regression coefficients are significant at the 0.05 lovel. -



Tgble 6« 2¢ 5» Regression Equation for observed sweabinge

220,

Dependent vericbler (P = P(P) ), the devigtion of observed sweating

from calculoted svestlng - sec Sechion 5. 1s

Varisble Goefficient
Entries and Exits (per hour) -0,0615
Movenents vithin (per hour) 0.9605
Tension (g, 1, 2) | T oo
Difficulty (0, 3, 2) e.aé
Constant ) 041555

Regression sum
of sguaTes :

040020
040040
040104
0.0149

tultiple Corrciation Coefficient 0.122

P4 1199) 8 458

All coefficients are significant ot the 0.05 levcl.

( This result is plso shown in Table B+ 1. 8.)
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Pable Gs % 2« Resression equeiion for thermal sensoiion gb
head heishbs

Dopendent voriobler Ti-vote

srisble Coofiiciont Resression sum
~Of SgusTes
Tenperature, COFs 0. 116 0, 2178
VYopour pressurc, misBge - 04083 02475
Hean veriation, zir velocity,
fmg ) *‘0;025 002494
Constont . =5, 398

ultiple Corvelobion Coefficient 04499

F{3 1615 )= 1789
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Toble 60 3 1s  Correlation Hatriz for Veriation of sir velocity.

Based on 1619 pairs, correlstion coefficients grestor than 0,065 ore
significont at the 0s01 lovel, Those grecter than 0,050 ore cignificant
at the 0.05 levols ’

T %P AN V(D VxS I3 2
Tenpernture T 1

Vepour Pressure
VaPs 0256 1

(air velocity)% o
N “0.210 ~0«260 1
Mean varistion,
Ver (V) . =0.106 0,213 04517 1
Ver (V)/v 0,112 HS ~0s373 0u503 1
Sevote 0e374 04216 ~04073 (~0,061) ™ 1
P qevoto 00467 04256 «0s141 =0,127 1B 0s600 1

P - {obsorved : , . ,
sveabing) 04243 04200 =04073 (#04061) T 04239 04352 1
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Table 6, 4« 1.  The effect of temper-ture veripbtions outside the theatre,

{

Data from 2 sub-sgriple of 2327 coses.

v‘ Vargblé' Hean 8.0, Coefficient of regression
' : equations
I b s
T {Hoad) °F. 7340 4.1 0el122 0.037  0.057
VP, mmbge 10,2 2.3 0,060 0,028 0,037
Reds. Excess OP - 5,9 30T 0,038 0,024  0.012
9 {Outsido) °F. 5246 11.0 0.011 0.003 0,005
T (leon) OF. 4846 89  ~0.007 - 0,005
T (Rest) OF. I WA X - - -

Constont in regression equation «6429% «2,687 «1.295

Multiple Correlation Coeflicient 06516 063351 0+420
Proportion of variances due regression — 0.266 0,109  0.176
due externsl conditions 0,005 0,002 0.003
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SECTION Ts

INDIVIDUAL DIFFERENCES
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1. Introductions
In the foregoing sections of this thesis, the basic unit has

beon the response obdoined from o pavticuler person on a porvbicular
occasions No atienpt has been made to relate to each other the
responses obbained at a particuler hospitsl, or durding o particuler
scssion, though in the latter case they hove 2ll been related to the
gscme sesclon detceils. Sinmilarly, no cttonpt hao been mede to relate
to each other all the z‘eSponseé obtoined from a particular person on
different ocezsions, though they have naturally been related to the
some personcl deldils.e Resnsons for this epproach have beean given in
Sect;:on 3» The resulting ‘rlegressio'n equations have not accounted for
more than 33¢ of the varisnce, oven when all the measured varigbles
were congsidored. .

It secmed possible thot the residual wvoristion night contain g
component attributable to consistent inter-individunl differcnces,
governed by foctors not susceptible 4o the available methods of measurse
nents Sex, cge, race and build have all been shown to have significont
offects, though smpll in mognitudes HMoro subtle physiological or even
paychologleal differences could conceivebly lexd to consistently biased
responses, 1If these were of apprecisble megnitude, they counld render the
coleulated variebility unduly pessimistic when applied to successive
ocensions for the same peoples It wos therefore decided to examine the

consistonoy of individunls' responses.

2+ Hethode

The practice of questioning subjects at roughly twoehour intervels, .
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together with the tue repeat visits to ezch opersting cuite, resulied
in 632 of the totel of 1094 subjocts being questioned more than onces
From the 267 subjects qﬁestione@ tvice $0 the five who were questioned
ten times, they gave in gll 2092 units for onalysis. In oxder to
eliminote the varistions due to thermal factors, the predicted response
for thermal comfort at hesd height, T3, wns genercted for each unit,
using the equation shown . in Table S5e 1« 9» This equation was used in
the calculation of predicted response in Section 6, It involves temperpe
ture, Vapour pressurc and radiant excess temperature measurements, end
contzins on odjustment to the constent for angesthotistse The
multiple correlation coefficient on tho full body of dete, from vhich
it wos derived, ves 0,516

For each unit, the deviation of tho actual T) response from the
predicted response wos obtaineds For oach person, the mesn of this
quentity wes derived, and also the sum of squares of devistions shout
‘the meane This procedure zmounts to a portition of the devistion
about the regression into components due to vhat might be called
personal bies and o residual variction respectivelys For all 2092
units, the total sua of squores of deviations amt the various personal
means vas obtrined, together with the total sunm of squares of the
actual T) responses and the total sun of squares due to the regressions
These calculations melce possible the partition of verisnces

Personal deboils such o8 sex, age, race, build and height were
correlated with the figsure for mean personal bias for each person in
an attenpt to discover the origin of such biss if it should prove

significents Sinilarly, personal detzils were correlated with the
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caleulated veriance gbout each persomal meon, based on differing
degrees of frecdom.

3« Results,

The pm-hitibn of wvarisnce obtained by the snbove methods is shomm
in Toble 7+1ls The regression ie of course highly sigznificant, as
hes boen shown in Section Se¢ 1y The F-test for persomnl bizs, or
individual differences, is made against the residual, znd is signifie
cant beyond‘ the 0,001 level. However, the root mean sgquarc betveen
individvals is only 1,32 times the residucl root mesn sguare, amd
the proportion of vaz-isrgf:e ebsorbe. by the regression for repested
observations on the samé individual only rises from 27% Ao 38%
(724/(714 + 1148), corresponding to o correlation coefficient of
04620

Table T« 2« gshows the correlation coefficients obtained, together
with their level of significence. The remninder were not significont,
4. Discussion.

Reference to Table 5. 1. 5 shows that smultiple regression snalysis
involving all measured variobles idemtified only themal verigbles,
age and status es heving significant effects on {he Tj~voto. No more
than 27% of the veriance could be atiributed to the regressions
Individual differences other than those mecsured thus appear to
account for a further 11% of the varience, leaving 62% of the
varionce obiributeble 4o residual variation betwecn occasions, Thus
oven yepected exporiment on the same individuals would no% greatly
incresse the relisbility of the predicted responses. The choice of &

personwoccasion 28 the basic unit for tho main analysis is thus
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Justifieds The results can be taken to apply 0 any randomly selected
toam, with the proviso that in certein cnses the verinbility betveen
occgsions will be marginally less than the verisbility betveen persons.

Davis et ale (1965) hove reported correlation coefficients of
0.9 ond obove for r.pestod messuresents on single individuals, bub
the therual conditions end ospotially the seotivity of their subjects
werc very highly stendardiseds A grect deal of the veriation bebween
ocepsions in the present survey cen surcly be attributed to differences
betneen the work perforaed on different occasions. Although att enpts
were made to mensure these differences in terms of the nominal diffie
culty of oper:tioms, the tenzo of wiork and the tension in the thectre,
the complicntions encountered end the mistekes mode (Sec Toble 5e 1. 8s),
guch varichles ore vory difficult o quentify and only merginally
‘eignificent resulis vere obtained. The true situetion is one of
compiex interaction between personal cbilities, experience and
atiitudes on the one hand, =nd degress of technical difficulty anmd
of ritk Y00 subtlo to measure on tho others R

The merginelly significant correlaiion coefiicients obtained in
Table 7. 2 show that taller people tended to comploin less of heat then
ghorter peoples This effect is probcbly included in the effoct of build
in Teble 5. 1s 5, but could not be chown to be significent there. Thay
show also that older people wero more consistent in their responses, and
scrube-mirses vere less consistent. These £indings are in accord' with

subjective imprcoosions abt the times



233
S5 Sumnarys
Individual diflerences have been shown $0 have o significant
eficet on thermnl response at head height. However, in the thestro
situgtion, vsriction betveen people vas very much less than the
variotion betweon oceasions for the sane pez'son. This rosult is

con'brax‘y to some recently reported fa.rﬂings I.‘or sedentary office works
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Table Ts le The simmdficonce of individual differencess

Deyendont voriobles T, thommal response ob head height

Source of Vprintion Sum of Derreoes of Moan
A . Squaves Freedon Square r
Regression T4 4 17845 184.7
Deviation cbout Regression 2018 2087 04397
Components of the above
" govigtiom
Between persons 870 €631 1,38 .75
Residual 1148 1456 0.79
Total 2732 2091 : -

Notes F (631,1456 ) = 1.23% et tho 0,001 lovel

Toble 7 2¢ Lorrelations with personsl bics and varisbility

Based on 632 pairs

Yaxieble 1 Yarichle 2 goxrelation b
. - ‘ Coefiieiont
Height Mean personal deviation |
from predicted Ty=vote - 0.091 < 0,05
Age Variance sbout chove nesn - 0.103 < 0,01

Sermibenurge Voerisnce shont shove nmesn 0,094 < 0,05
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OBJECTIVE MEBASUREERTS OF RESPONSE,



) 236,

1, Inbroduction.

The results reported in this thesis rely extensively on subjective
estimates by the subject of his owm sensations, and on subjeoctive
estimates by the observer of forechesd svieating, In order to support
the validity of these estimates, o limited rumber of objective measurow
ments of response werc desirpble. These had to remein subsidiary to
the main investigntion, and to be carried ocut within the existing
£remowork of date collections As this was one of brief encounters with
large mubors of subjects, it was not idezl for the collestion of
objective physioclogical dabtze However, the reasons given in Section 3
were sufficient to justify the method sdopted.

A munber of physiclogical mensures were considered for o limited
investigation to be carried out concurrently with the main survey of
thornal semsotion, emong then pulse Tate, body teapercture, total fluid
loss, skin tempercbure and locol swent rete. As dobuiled in Seotion 1,
the work of Robinson, Turrell and Gerking (1945) indicated that the
pulse rate and body tempersture of subjects would mot Increcse signifi-
carbly until the air tomperature resched 82°F, reserdless of the
relptive humdditys. The fignres in Tabtle 5. 1. 1. indicote thet this
tempercture was reached on less than 1 of occasions in the present
surveys In addition, contimwous recording would heve beeh necessary
to ochieve o sufficiont sensitivity of mecsurement, arnd it was consie
dered that this would involve an unsccepteble interference with the
froedon of movenent of surgeons in the present surveys Similsarly,

the neasurement of totel £iuid loss was considered improckicszble in
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the present surveys It would have involved teansporting a hoavy,
sensitive welghing mochine, vhose a&cura.cy would suffer as a result, and
the process of bheing weished nolked before snd after an operation would
hove been unncceptcoble to most surgeons yerforming routine vork in their
own hospitnlss lensurenent of sgkin teaperature and locol sveal Tate
presented fewer practical difficulties. Houghten and Cook (1939)
found that the observed forechesd svweating was o sensitive index of
themal conditions in an opersting thectre; preliminary resulis from
the present survey supporbted the infercnce that quantitative messurenent
of forcherd swost rates would be vorthvhile. Kuno (19%4) showed that
elthoush both forchend and byl swesting were influenced by thermel
stress, the forchesd swest rate responded much more to eactional (étimli.
A comparison of the two wes considered desircble in the prescntcasé.

Skin tempersture hos beon shown by meny vorkers to be z sensitive
index of thermal comditions, though Bedford (1964} showed thet it was
o nore closely reloted to thermal sensstion then was gir temperatures
It was decided to obtzin measures of the skin $emperature and local
sveat rote of surgeons and thelr pssistonts during the final yeor of
data collection.
. 2o Hethods

In oxder to obtain g meeningful measure of the siin texnperature
produced by thermal conditions during on operation, it wes necessary -
to doke o rending immedietoly the opercstion finished and before the
subject left the theatre. Only the skin of the forehcad and the back
of the neek is exposed by surgicel clothing, =nd the foxrcheed was found

to be necriy clwoys donp with sweate Thus the dry skin avéilable for
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necsurencnt of sldn temperciure for the present purpose was effectively
that between the collar of the gowm and the heir line. An alternctive
would have been to fix sensing clements to the ckin benentlh the
clothes, and bring out leads to pernit imediste meosuremont. This
was conpidered to involve unccceptcoble interference with the surgeonst
Foutine before an operation, vuen time is usuelly rother short. Using
a thernistor-in-gzloss probe and a battory-powersd bridge cireuit for
measurencent of the rosistance, the dial calibrated directly in
Pehrerheit dogrees, it vias found 10 be possible to obdain o relinble
reading of skin tempersbure on the back of the nock in under ten
secondss The tip of the probe was stroked slovwly over the skin
surfsce, using insufficient pressure to indent the ghin or to ccuse
any heating of the Vip by friction, The instrument is mamufociured
comaorcinlly a8 the *Depondothern' cliniesl thermomebers The version-
uscd had two ronges, covering Yempersivres froa T0-11007F,

Mepsurenents of locel swect rete on the forchend end on & control
site beneoth the clothes were requirede TPor the lstier, the inside
of the upper sxym was chosen as being reprosentative of trunk sweat
rates snd Teodily accessible; the shirds vworn in operating theotres
" have short slecves, and the mecsuring device could be fixed Justh
prior tov cn operation, before the sterile govm wes put ony and
removed immedistely after on operstiony vhen the gown was removeds
A suzestion by Profescor Weiner led 40 the development of light-
welsht ebsorptive pads gbout 2.5 cme in dismeter, A disk of filter

peper 18 mm. in diometer was hold lightly sopinst the s%in surfaoce
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by mesns of a foam rubber disc only slightly larger, 'secured by = thin
nloptic strap round theuprer oxm or round the heade The cssanbly was
held together by meens of a central mebzl rivet, drawn slightly into
the foan rubber in order to allow the filber .pape.r to press ageinst
$he skine & emall central eres of skin about 4 mme in diamoter (3
of the totol aren) was thus not in contact with the filter popers
the sffective sros in contoet wms then 3475 cme® An asse;ably is showm
in Tige S. 1l These, less the elsstic strep, Were prepored ond ploced
in noisture-tight weighing botiles, mmbered end weighed to the nearest
tonth of a milligroms Thoy woie tronsporbted in o senled plastic box,
and roturned to it ofter uee. They were re-volghed on the same
. balance ot the conclusion of o visit, usuzlly sbout four days afber
tho initial welghinme The weighing bottles in a box were treated

a8 o batch snd the accuracy of messurcment wos controlied by reo-
weiching olso the umised bottless Only changes in veight significantly
different ot the 0405 level from the mesn change. in weishi of the
wmised hottles in the bateh were recorded as boing other than zeroce
This led o changes of up to 5 mge being rojected on occasion. ) Dices
were oxposed for widely different lengbhs of time, from helf an hour
$o %vo hours or more, depending on the operotions performed. Only
surgoons cnd their assistonts ook part es subjects, and in the 108
nessurenaubs of forehead sweat Inie obloined, only threc of them were
from womem. It wes not alweys poseible to obtain the readings, due to
pressure of vorlk or to operations thot were too shorts Rather fewer

Teadings of crm svest rate wore obtained, as the discs could becone
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dislodged by the clothing, or the opportunity to fix the disc before
the subject had pubt on his gown could be misseds Forchezd discs could
be fitted to a fully powmed and gloved subject without breach of
sterile procedurs. There were no coses of these dises become dislodged
during an’ operation and surgeons did not find then uncomfort:ble to
WezTe

Skin tempercture mensurements were not made if the subjoet had
left $he theatre, as skin tempersture can resyond very quickly to
changes of asbient teaperature, and a further source of variation could
have been introduced, For this resson, only 74 measurenents of skin
temperature were obtained.
3s Resultse
Special summazry codds were prepared for 'each person-occasion,

becring the three readings obtzined by the cbove methods end oll
relevant dste o8 for the subjective responses. In order to cope with
migsing dato, the cards wore arranged into subesamples which could be
grouped to give input poacks with no missing data for each of the three
indepandent wvericbless A different multiple repression progrom, BMD«O3ZeRs,
was used, ensbling the selection of subesamples to be mede as appropriate.
Table 8. l. shows sume of the correlation coefficiemts obtcined in the
preliminexy steges of the regrossion caicunlaotions. They are significantly
differcnt from zero st tho 0.01 level unless in parentheses, vhen they

are sipnificeont at the 0.05 levels Tests of significance were mede using
tho expet formuls given by Fisher (1958), and students' % distribubion.

It con be seon thot skin tenperature was much more closely related

to thoemal conditions and to thermgl sonsation than were swent rates.
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Observed forehezd sveating was loss well corrcleted with aecsured
£ore&;ead sweating then onc might heve expecteds -Roasons for this
are given in the d:%.scussion. The direcction of the sbatus effoct wes
such that essistonts tended to have lover arn swoat rates than did
surgeonSs However, as in the main analysis, oll the independant
voxiables vere highly inter-correlated, and mltipie regression onalysis
is requireds

Tables Bs 2, = 8. 4. give the rosults of the three analysess
A1l rogression coefficients listed ave significomtly different from
zero ot the 0.05 lovel, The level of significance of the regression
sum of squares is given in the last line of each tcbles Column 1
givos the noture of the varisble and the units of measurencnt; Column
2 gives the mean value obtained in the sample; Column 3 gives the
partiocl correlstion cocfficient of each waricble with the depondant
variable, all other independant variasbles in the eqvatiozi boing held
constont; Column 4 gives the regression coefficionte in the derived
equetiony Column 5 glves the proportion of varinnce attributable to
the regression at each step in the sequential procedure. Although in
the progranm used the varizbles were added to the egquation in the order
specified by the user, inspection of the pertinl corrvelation coefficients
indicptes that this was not morkedly different from the logicol oxder
used in the mein annlysis, in vhich at each stop the varicble added
wes the one moking the grestest reduction in the rosidual sum 0f squares,

Table 8. 2, shous that on incresse in Effechive Tmpera‘gure of

about 47°F. was necesscxy to produce the some forchesd sweet Tate in
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cseistants as in surgeons. The multiple correlation cocfiicient wos
0+4331s Teblo 8. 3. chows that tho difference in arn swest rate between
surgeons ond essistonbts was eguivalent to o change of cboub T440F.
Effective Teaperature, ond thet successive layers of clothing compensa-
ted for decreases in Effochive Tempercturc of about &°F. The multiple
correlation coefficient was 0e46le

Table Seds shows that age, not stebus, wes associnted with
differences in skin teapersture. The partial correlation coefficient
of stebus and skin temperature with sge held constont s net signifi-
cenby vihoreas with status held constant the effoct of age was signifie
conte An age incresse of nine years appoars to be sssocioted with a
decrecse of 0«450F« in skin tenmpercture; the same change could bo
coused by o decrcase of 197, in Effective Temperstures 4t o given
Effective Tenpersiure, skin temperutures were bobtween 2 and 3°F.
higher in the spring and sunzor months. Mistokes in procedure, as
defined in Section 3, were associsted with ¢ significant decresse in
skin teaperature, equivalemt to a decrease of gbout %°F. in gmbient
Effective Teaperatures The maliiple correlation coefficient was
0.T782,

4 Discussions

It is disappointing that no more than 1X1 of the varience of foree
hend sweat rote could be stiributed to the regression. However, the
foct that this messure tes unsffected by clothing ond thot the meon
v twenty times as greot as the mecn arm sweat rebe indicetes thed

forchesd sweating wss medisted to o much greater oxtent by cmotional
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stimli. Verietion of Effective Tenpercture accounted for gboub
17?5%'0£ the vorionce of both mensurcs of svest rote. AS sugzested in
Section T in connscebion with difforences in thermnl sensstion botvecn
individuals and hetween occesions, the groater paxt of the variction:
muot be caused by intorsetions betreen personal shilities and experience
on the one hand and levels of technical difficulty and of risk on the
othere The foot thot surgoons tended to swest more Than their assise
tants is an inddicotion thot the couse wes related to responsibility for
the operat ion, 'buf no atienpt could be nmade to me-sure personal obilities
ond experience, ard only tentabive attempts to measure levels of diffi~
cﬁlty-

The correlation coefficient betvecn measured ond observed forehesd
sveating was 0.472+ The actunl forcheod sweat rate undoubtedly verdies
throushout on exposure, pexrticnlerly if, as secms to be the case, it
is nedisted by cnotionzl stismli as well as thezmale The messured
sweat rote is o timee-averpoge of this wvarlation, wherezs the observed
sweating is o spot check, ususlly et the end of an operstion. Purther-
moxe, the swest absorbed on o disc and measured is the totel sweat
g)rbduccd end is wmaffected by the mte of evaporstion, whereas the
observed swesting is o mecsure of the swest reuaining wneveporated on
the skin surface. In view of these diffcrences the ogrecnent is satise
factory.

The mezn sweat rotes on both foreheod and ar are rather lows
Even thovgh sweabting is most profuse on the forchesd, the mean forchezd
sweat robe is only chout 25% of the physiological limit of 15.5 mgu/cm2/hr.
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given by 1Bfstedt (1966) as an gversge over the vhole body surface
ares ' J
’ The skin tempersture mensured oh the back of the neck sewms o be
o usoful indow of thormal conditions. Effechive Tempersture alome
accounted for 30,74 of the varionce, correspoxnding to & correlation
coofflcient of 0.55, 1In all,{ 61) uf the variztion of skin temperature
wee attiibutsble to the mecsured foctours, opproaching the values found
by Vierd (1520) for obsewatic)nsl on singlg ingividunls, Eviéentiy
urmeasured enotional frotors influence s‘j; $empercture very much less
'bhanl they influence rates of sueabing, The mecn skin tenperciure of
B8e 651?. ‘fLor o meesn Effective Tempeit,, ture of 69+3°F. (corresponding to
o meon air tenpercture of zhout 73°F.) agrees exactly with the mean
skin tenpers ture ‘on the hond, 88s5%Fa, Lfound by Bedford (1964) ot this
azlr tespercture. Fuﬁhenmre, the regrossion coefi‘ic{en*b betvzéen air
tanpercture ond hond skin tenperciure ,fm by this author Was' 0e46,
in almost oxect ogrecaent with the present £inding of 0e45 for the back
of tho necke The siin tempersture 'on the forehesd and on the foot were
fourd $0 vary quite difforcembly with air tempersture in Bedfoxrd's survey
oi‘ ab&ut 2000 clothod personss '
| Bedford found o correlotion coeificient of 0s36 between hand skin
tewpersture ond thoimeld sensation., The prosent finding of 0.483 for the
correlotion betveen bock of the neck sidn tenperchure end thermal sensation
ot head height is g considerzble improvement, significant beyond the
04001 lcvels Tho improvenent msy be due in poxrt to the more stondardised

clothing worn in opercting thectres, amd par’i:ly'to the difference botween
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thersal response ot head height and the overall rosponse used by '
Bedford. Reference to Teble 5s le 3s shows that the back of the neck
shkin temperature wos o slightly but not significently better predictor
of thermal sensztion thon was sir temper-ture clone, but wes slightly
and significantly worse thon wes the regression in ell thermal wariabless
Thus, as Bedfoxd concluded, the thermal sensciion of an individual cén
be better estimated from a knovledge of the wermth of the room than
from his sikin benpercture.

The effects on skin femperature of senson of the yerr and of the
occurrency of mistakes exectly porzllel the offectzs of these fectors
on $hermal sensat;on, set out in Tables S5¢ 1o 5 ond 5. le 8¢, supporting
the validity of these £in&ings; At o given air teaperature, subjocts
felt hotter iu spring and sumer, gnd their skin temperature was in
fact highere. Uhen mistakes occurred, subjects folt colder ond their
skin teapercbure was lowere This is o striking desonstration of the
relovance of subjective reports of sensation to real physiological -
changes, but no explenation of the methanism causing these particular
chiznges con be given from the results of the present investigntion,

5« Sunmary.

In o limited investigotion carried out concurrently with the mzin

survey of thermal sensation, guantitative measurenents werce made of

forehood swest rato, uppor em sweat rote ond of the shin tewperature

on the back of the nock. These nonsures of response were found to
parodlel those of thermal sonsetion. It was shomn thet sweating in

operating theatres is almost entirely confined %o tho forchead ond is






© 247
Toble 8. ls Correlnotion Coefficicntse

Responseg
Vorisble Forchead Upper Ara Boek of Neck

Suent Rote Swect Bate gSkin Teape

Effective Temperature

(Head) 04273 (0.278) 0554
Index Tenperature (Hend) 0,268 (0. 278) 0549
Mr Teapersture (Hend) {0a242) (0.234) 04552
Themsl (Head, T3 (0,219) NS 04483
Sensction (Body, T, (0a224) s 0402
Sensntion of Stuffiness, Se WS S {0+245)
Sensation of Humidity, H, TS e 0418
Observed Torehesd Swooting,
P. 0.479 (0.234) S
Stotus (Surgeon/Assistant) ns (~04232) NS
layers of Clothing 1S 0313 1S
Nunber of pairs 108 79 74

Correlation coefficicnts shown are significant ot the 0,01 (0.05) level.
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Tablo 8+ 2¢ Bogression egupotion for Forchead Swe-t Rote

Yorigble Sample Partierl Corre Regression BRSQ at

Heon Coefficient Coefficient cach
' step
Forchead Swveat Rote, mpo. /cma/' ' '
hour - 3094 “ - ‘ - -
Effective Tempercture, OFs,
‘ : (ﬁéaﬂ) © 69,0 0e295 ) 07 0,074
Stotus (0.or 1) T 0s45 ~0s194 - w3yl 0. 109
Constont in regression equation : 4565
Mltiple Correlcotion Coefficient D«331

Lovel of Significance 0.01
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Psble 8, s, Bogression Equstion for Upper Arm Svwent Rote.

Yarisble Sample Portial Corw, Regression  RSQ at

Heon Coefiicient Loefficient each
: step

Arm Swent H&te, M e /Gae/ )
’ hour 0+20 . - - - - - -

Effective Temperature,®Fs .

(Head) 6847 . 0,259 . 0,042 .  0.078
Status (0 or 1) Osdd . «0.299 «0s310 . 0.158
layers of clothing 2¢3H : 0.255- 06253 - 0213
Conotont in Regression equation =30 140
Multiple Correlotion Coefficient 0461
F(3 1) 6s75

lovel of significance 0.001
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Toble Beds  Begression Fauation for Back of Neck skin temperature.

Yoriable Saaple Portinl COTTs Rezression R5Q at
Mean Coefficient Coefficient each
8tep
Skin tenmporoture, OF, 886 - - -
Effective Tempor:ture,
oF (Hend) 693 0.672 0445 0, 307
Spring (0 or 1) Cell 0.522 3e1l O»441
Sumaer (0 or 1) 0el9 0449 201 0533
Histoke {0 or 1) 0409 =0 e 254 ~1e45 0.579
age (yoors above 25) 16 0. 272 =0, 05 0.610
Constant in Regression equcition 57¢38
Hultiple Correlation Coefficient 0.782
| F (5 68) 2L.3%
Level of significonce 0.001
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1. Im:roduction

Other sections of this thesis have shown thet conditions in
operztin:; theatres frequently couse complaints, and con also cause
measurcble changes in the sweat rates ond skin tenperatures of those
working in theme I% would bLe of groot interest to know if pér:f;‘emance
is also aflectedy since this is arguably o more imporbtant criterions
Hovever, thexe are grave difficulties in the way of any imvesbtigation
of surizical performance, firstly in identifying the parometers of such
& complex skill, and sccondly in measuring them. The organisation of
knowledge and expericnce in formulating the innumexcble ,jﬁdgements and
decisions of surgery probably constitutes the grozter part of a surgeon's
skill, ond sccounts for most of the mentol loads A Tocont review by
Wing {1965) shows that no effect .of thermal stress on membsl perfor=
mance has ever been shown below 31°C. Effective Temperature, for a
four~hour exposurs. This level of thermnl éi:ress, cc;rres;;onding to
over 950.Fs embient tempercture with 0% relative humidity, was not
approached in the present survey, bub tﬁe tasks reviewed by Wing were
all very much less complex and difficult than surgery, and it is still
possible that lower levels of themal stress could offect adversely this |
aspect of the surpical taske However, it was nob considored possible
to measure menbtel load in the present survey. In the inberests of the
patient, secomdary task techniques were ruled oub, ond almost any cone
ceivable technigue would also have inberfered unnccoptably vith the
primory task of ocurgery,

A bigh degree of pereeptuslemotor skill is also demonded by the .
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surgical toslee It wes considored thst the physical fatigue of operating
micht conse this aspect of surgieal skill bo deteriorcte, and that
thermel siress might canso the deterioxntion to bo more markede. Since
it vas not poseible to measure porcoptualemotor skill during actual
operations, it wee decided to oblain measures before and ofter opere=
tionse For the ressons sot out in Section 1, o pursuit moter task wms
chosens, The present section sets out the resulis obtained by this
methode

This pert of the investigsbion was subsidiary to the survey of
themal sensabion, and was carried out within the fremework of brief
vigits to opereting suites. Por this resson, it wes not slwsys possible
to test the seme subject on gsuccespive days, or to control tho thermal
conditionss The investigation csn only be considered a pilot study,
but the resulis are of soue indercst.

2. Uethode

The a;parstus was constructed by Dre 0.0, Iidwells The desizn
was bosed on the pursuit meter used by Pepler (1957, 1960), with o
mmber of modifications to simulpte more closely the bash of surgery,
an improvement in the method of producing a varisble track, and & more
flexible method of scoring.performanceos. Fig. Z» 1. shows a goneral
viow of the gpperatus, The tarset was o diffuse shadow gbout 5 cme
long ond 2 cme wide, with & brisht linc in the centre cbout 2 mm., wides
it vas projected from bhelow onto ground glass, ond moved on an arc
zbout 20 cme Jong with o rodius of 30 cme The ground glass was evenly
illuninated from below with o rather dim red 1ight and mee surroundsd by

£ seroen os showvm. Tho imnedicte surround wes green, With the apparstus
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on a toble, subjects stood while atteapting to follow the torget with
c. poiuter sizaila? to o scalpel, mounted ﬁn en axrn of %0 cme rodius like
the torgets The 'blade' could be held within 2 mm. of the ground glass
surfoes to rod.ucé parallox, |

The target moved with o velocity avernging sbout 40 cm./secs, and
reversed its direction on avernge about $wice por second. This
irre@.zlar oscillation was pmuucec. by two czms of irresuler shape,
both linz.e& mechamcally to the arm begring the target, but rotcoting
at sligaﬂ;y difierent specds. Tho resulting movenent repested only
‘ after 29 minubes snd could not be lcornt by the subjects, since their
trigls were only of two mimates ﬁuratiom

A brush contact on the target am moved_ ov:ér o sectored contect
plate linked to the arn bearin&, the f.‘ollouing; poin’cer and condrolled
by the subject. When the followﬂ.ng pointer wes over the targst,
electrical contact wos made with tho cenire sectors There were three
other sectors on each side, linked in paizrs so that & given diserepancy
on either si&e of the turget ciosed the seme electriesl circuits These
four circults wore linked vio o mulbticore cgble to the control unit
mounted in the ¢arrying csse. A synchronous motor locked onto the
mains eleciric supply frequency drove a commubator genersting short
pulses ot 100 meSecs intervols, and four relsy countors comnected to
the sector plate circuits thus registered the time for vhich an errox
of gligment wos maintoineds A time delay switch encbled the counting
unit to te run for o preset time during & condimious trinls

During each visit to an operating suite, the apparatus was set up
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on a trolley or o toble close to the thestre, where it ususlly
attrseted considem*ale' interent from the surgienl teame Surgeons
ond thoir cssistants vio agreed 0 soke part in trials (there was mo
case of a refusal Lo do sah) were asked to koep the pointer continuously
on the torget for tuo minubtes, After sbout ten seconds of practice,
the coonting wit ves run for 50 seconds, the counters read and resct,
and the counbing unit run ogsin for o further 50 secondse This Yook
about tvo minutes in alls

It was intended to collect dabo from subjects in tvo groups,
group one mecting the trinl for the first time before oporoting and
agpin ofter opersting, group tvwo meeiing the trizl for the first time
after opereting and agein the nert dsy before operating. With the
furtheor conditions that the operations should be quite long ones; ond
that o Tenge of tempercture conditions should be sbudied, only nine
subjects in each group yeve tested in the course of sbout six monthss
A further ten performed the first tTiel as group tvo, but did not

perform the second trinl.
3e Resulice

A mumber of measurcs of performance were tested; the time spent
on tarzely o weighted error scoré, ond the occurrcnce of large errorsa
Since thoy all showed the same tronds, it was decided $0 use time on
target, the most uncabiguous messures. This was exprossed as a fraction
of the sample period, which though nominslly 50 seconds, in fact vorded
slightly «bout this figure. 4 more accurabe messure of the. somple
pericd was pmvidqd by the totnl score on oll four counbers, in units

of 100 nsec. The timo«fraction on torget varied betvecn 0635 ond 0+653
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the difficulty of the task had been arranged to €énsure that performance
would remain in this central range in oxder to maximise the sensitivity
of the measure, after Poulton (1965).

Graph 9. 1. shows the group mean scores for each successive sgemi=
trial, each group consisting of nine subjects. Performance on semi«
trials 1 and 3 appears to be constant within each group, but the

‘gcores 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 significence of this rather unexpected result,
Table 9., 1. sets out a non~parametric test of the difference for each
individual swbject. The level of measurement is assumed to be ‘ordered
metric' (Siegel 1956) for a Wilcoxon matched-pairs signed-ranks test,
but no dssumption about the under lying distribution of values is
uecessary, 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 con-
firmed at this level of significance.

A further group of ten subjects tested after operating gave group
mean scores for semi~trials 1 and 2 that were 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° £. Two subjects from group one
had experienced temperatures over 80°, and four had experienced
temperatures below 72°. The same was true of growp two. An attempt
was made to show an effect of temperature between the *hot' group of
four subjects and the ‘*cold® growp of eight swbjects; the
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trend weo agein unexpected, in that vithinetrial improvement tended
to bo grocter after o Yhot' session ord before o 'cool' onos This
tendency ﬁaa ot significent (P # 0,071 as calculated by Fishers
excet pmbability test, Siegel 1956)« The mecn exposure time wmas
over 2 hourse
4e DIiscussions |

Welford, Brown and Gobb (1950) have roported o persistent effécf
of initial condition in & £ield experiment, and this effcet is well A
illustroted by the rosulis of seni-trials 1 and 3. Teichner and
Wehrkeamp (1954) obbained nagw;ively accelerated learning curves for
their pursuit mtor-task, using time on target as the scorcs Neither
group 1 nor group 2 show a tenmdency to approximate to this'resulta |
Fvidently the anticipaticxn of n major operation was sufficient to
couse o morked decrenent both in trial perfomance énd in within-trial
leorning. Possibly %o hood the list of operctions for the day is not
o8 desircble os it is émcnly supposed to bes At least under the
conditions studied, su.rgeoné appeared to improve their mamial performance
ofter toling part in on operntions

An albternative explanation that must bo mentioned is that the
anticipation of o major operation might hove decreased the mof:iv::.tion
of su‘b;iocts to co-operate in irrelevant scilentific researche The
extremely short trinl period roquired and the suthor's subjective
irnpreésions e:‘s the tine of subjects' willingness to cowoperate, tend
strongly to rule out this explanatién, buat it rempins a possibilit;r. |
It is d@ifficult to think of o ficld study that does not sulfer from
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this or some related disadvantoge.
S5+  Summnrye

In o short cxperiment the monmupl skill of surgeons and their
assistonts was mensured on a modified pursuit meter, Half of them
first perforned the test before operating and subsequently ofier
opoerating, the remninder in the reverse order. Performance vas showm
to be simificantly better aftor oporating than before opercting.
No effect of thermal stress could be chowme
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Wilcoxon matched-pairs signed-ranks test for significance

259

Purmuit nebor scores before ond nftor en opergbineg sessions

Subject On=torset tincefraciion

EBoo~ ouvswnpe

12

Before 1Zter
Opersting Opercting
440 517
598 438
402 472
446 501
444 442
300 332
451 400
522 528
528 556
518 506
582 595
386 417
298 541
32l 363
635 623
490 471
415 409
445 469

~71
=40
-T0
=55
2
32

51
- b6
-28

12
-13

245
- 42
iz
19

6
w2i

Ban:z of Rank with less
4 frequent simm
~17
«l2
-l6

1 1
«ll
4 Y
- 2;5
-9
4e5 405
~10
-8
-l3
4e5 445
7 7
265 245
- B
T » B35

The probability of this result undor the Mull Hypothesis is given by

P w 0,0236 for & tvowteil teat.

Subjocts thus performed sipmificantly better cfier operating than before

operetings

Hotes

10«13 in the roverse ordeX.

a. conbirmicus twoeninto trisis

clariﬁy *

Subjects 1-2 wore tested in the order beforcezficr, subjocts
The scores aro for the final 50 sets. of

The decimpl point hes becn omitted for
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1, Introduction.
A strong case con be made for dispensing with windows in
opercting theatires now thot opercting lomps can be relied upon to
Give adequate illumination of the surgical tosk. The result would be
- to increcse the flexibility of loyout in operating suites, and to
reduce the gependence of the thormal environment in operating: thentres
upon the external westher conditions. Since the chief reason for
rebcining windows is the strong stated preference of surgeons and
opercting theatre sto£fy it vould be of interect to know vhether a
change of attitude occu;*:s vhen windowless theatres have bueen experienced.
This seotion reports the result of an investigetion of this point. ‘
2, Hethods '
A rumbor of modern operating theatres without windows were

inclnded in the present survey. Occupants interviewed for the themmal
suxvey vere also ashked vhether they preferred daylisht in operating ﬂ
theantres, and their ancvers were recorded as 'yeos', tindifferent' or
fprofor no doylight's The sane question wes seked of a somevhat smaller
control group in conventional operating thectrss vwith windows. Almost
all of the comtrol group had had no experience of working in theatres
without windows, vheress olmost all of the former group had had cxperience
of workin:; both with and without daylight in operating theatresS.

Readings of lighting levels wore t:ken in g1l the theatros, using

an ordinary incident light meter in a horizontal plene at table height.
"okt illumination was measured in the spot of the operating lamp,
with 21l lights as for sn operation; %local* illunination in the

Sune © p lnee, bub with the operating laap suitched off. YBackgroung!
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illuminotion was mensured ot the periphery of the room, in thé best
1it place, and 'daylight' llluninstion in the same place with all
Lmps off, These readings were intendod only as 2 rough guide as to
vhether othexr aspects of tho theatre lighting were having an influence
on the prefercnce for daylighte
3o Hosultss

Table 10e 1. sihows the correlation motrix for oll four lighting
levels end the Devote (preference for daylight), reduced for this
murpose to *Prefer dgylipht?! or nots DBecaouse of missing dots, the
mnbers on thich the correlstion coefficients are based are slishtly
leso thon the smaller munber of observstions involveds Correlation
coefficients given are sisnificont ot the 0.01 level, euvcept for those
in poreutheses, vhich are simificant at the 0,05 levels

The high correlction betweon bockground and deylight lovels
indicates the high proportion of operating thectres that are
predoninantly deylit, while the very sanll correlation coefficicnts
‘betwo n bosk illuminetion snd other measures indicobe thot task
illunination is now practically indepemdent of the general illunination
of tho theatre, Preferonce for daylight can be secn to be independant
of task and locel illumination, while varistions in background and
daylicht levols of illumination zceount for less than 0.8% of the
var'iatiox_l_ in preference. Clearly the operative factor in any change
of ctiitude to doylight is mot the resulting level of illumination, but -
vrathe’r some svbjoctive cssessment of satisfactoriness. A common :éeason,
given especially by sncecthetists, is .th:;t colour. Judgenents of skin

tone are nore difficult to meke in thoatres without doylishte
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Table 10. 2. seis out the responses obteined from esch of four
stotus catesories (surieons, pssistents, scrubemirses and anzesthetists)
vhon working in theatres that either hed some deylisht or no doylight
at alls The deta is in the fom of frequency tobles, each with one
dimension for working illumingtion end the other for stated preferonce,
Both dimensiqns are measured only ot o nomingl level, thus svoiding all
assunpbions gbout the properties of oither scele; the only requirenent
is that the cotegories aro discriminsble (Siemel 1956)s In order to
test for the existence of an effect of vorking illumination on stobed
preference, the oppropricte test is then the nonperametric chiesquare
test for inﬁepenﬁénce (Fisher 1958), Expectod freguoncies are calculgted
from the merginal totals and tabulafed in parentheses, giving six
components of chiesquare on two degrees of freedoms Values of chie
gquare on two degrees of frecdom that are greater than 15.8 gre signie
ficant at the 0.001 levels

Sirnificant results were obteined for surgeons, scrubemirses and
anaesthetists; oxaningtion shows that the change of preference associzted
with working in the absenco of doylight is in ench case towunds acceptonces
However, cos many cs 500 still stated a preference for daylighte

Table 10.3 seis out the ssme resulis in o different form in ordexr
$0 exn ine the differences beotveen the lighting preferonces of the four
stabus categories. Frequency taobles are gpiven for each conditiond
working iliunination, the two dimensions of ezsch toble being in this
case stotus cabegory and stated preferonce. EBExpected frequencies

calenloted from the marginal dotals are asnin teobulated in parontheses;
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in this case there ore twolve components of chi~square on six desrces
of freedoms Values of chiesguare on six dezrees of freedom that are
grecter than 22,5 are significont at the 0,001 level. Difforences <;f
stoted pz:cference obizined from those worlting vith some doylicht ore
not significant at the 0.05 lovels Differences of stoted preference
obtained frox those working with no deylisht ere hichly gignificsm,
beayond the 0.001 level; exonination shows thot surgeons"land SCTUb-
mrses tended to accept the sbsence of dseylight more thon did assistonts
and annesthetists, , ,

4 further caleulotion, mob set oub in tabuier fom, showed that $he
di.fforezzcés betwesn the stated pref.‘ereﬁce of aur‘geons a,mv lanassthetists
vorking witho;zt doylight gave a volue of chi-aguare on two degrees of
froedon that was significent ab the 0,005 level {X2(p) = 11.4), wheress
the diffemmeé for those vorking with some daylidht were not significant
even ot the 0,10 level (X 2(2) = 3,3 NS.) Thus the significant value
of chiw-square obbelned froo Table 10s34Be is not soley dependent on the
difforcnce of ossistonts from the rest.

In oll, thouzh 75 of the group vorling with some deylight stated
that they preferred doylight in operating thentres, only 45% of those
working without deylight stoted thot they would have preferred to work
with some daylight.

4« Discussion. |

The objection con be T-ised that the windovless theatres exanined

were mostly modern ones, and thet this could have lod to accepbonce on

other grounds. However, subjects were specifically accked about their
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attitude to daylight, and ony bicsing fecbors present vould be
’ oﬁemtive also in the real ai%m@iozi of zdjusting to o new vindovless
theatres  Thero secms little doubt that a mensure of acceptahee hod
been achieveds The reservotions of gssistonts. and éarticulaﬂy of
onnesthetists are sericus; wnd require serious consideration. in the,
planning of future theatres. The considerable cdvances being meode
in the colour quality of available lamps may ;0 S0M0e Vo to romoving
thea, but this is boyond the scope of the prosent imvestigntions
5« Sumiarys

The experience of working in windowless oporating theatres has
been shown to alter significantly the atiitudes of surgeons, serube
mrses end onsesthetists; £rom overvhelming proforenze for deylight
in operating thentres they moved to a position wherg ot least holf of
thoso questioned expressed no such preference. Assistonts aid not
change their stiitude, and nnoesthebists were sisnificontly less

reconciled to the absence of drylight than were surgeons.
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Toble 10 1, Correlction iatrix for lichtinge levels ond Devoles

Tagk Ioosl DBocksround Daylicht Devote Numbers

Task 1 - 2532
Iocal 0.069 '] 2512
Backsround0e068 048652 1 2489
Deylight (04045) 0.637 0.983 1 2489
Devote . IS it (0.087) (0.081) 1 512

Notgs Those values are significent ot the 0.01 (0.05)

level. For explanntion of terms sec toxtbs
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Table 10e 2« XLighting nrefercnce in relotion to vorking illunination.

Observed (Expected) Frequemey for esch status category

As Surgeons,
| Yoxicing Iliuminetion
Ho Doylisht  Some Doylisht — Totgls
Steted Daylight 29 (39.2) 30 (19.8) 59
Preferencer Indifferent 36 (30e5) 10 (15.5) 46
o Deylght 22 (17.3) 4 ( 8.7) 26
Totals 87 44 131

)(2(2) 2 4.6 ( P< 0.001)

Be pAssistontss

¥ozking Tlluminotion
No Doylight  Some Daylipht Totols
Stoted Day Light 50 (5349) 29 (25.1) 79
Profcrences Imdifferemt 43 (38.3) 15 (17.7) 56
 Wo Doylicht = 6 ( 6.8) 4 { 3¢2) 10
Totals 99 46 145

X232 = 318 (0.10<p")

-



Tsble 10s 2 (Continmued)

Ce ScrubelNurses

Foxline Ylluminetion.

270+

' No Daylisght Some Deylicht Totals
Stated Doylisht 47 (56.6) 23 (13.4) 70
Preferences Indifferemt 29 '(24e2) 1 ( 5.8) 20
No Deylisht 29 (24.2) 1 ( 5.8) %0
Totols 105 25 130
_)F(z) = 18,5 (P <0.001)
Ds Ancosthetists,
. | ) Yoxking Illuminatior:
g‘o Doylicht Some Doylirhd Totals
Stated Daylicht 45 (54e3) 31 (21.7) 76
Prefevencer Indifferent 38 (29e3) 3 (1..7) 41 -
Fo Daylight T { 6.4) 2 (26 9
Totals % 36 126
W3z = U8 (P <0.001)
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Table 10s 3¢ Differences in lichtine preference belween stotus catésories

Observed (Expected) Frequency tobles for two lichting conditlons.

Ae Vorking with some doylicht,

Status Catepory

Surge ons Asoistonts Scrub- Ansesthetists Totals

Turses
Stated Deylight 30 29 23 31 113
, (3243)  (34.4) (38.7) (27.0)
Preference: oo
Indifferent 10 13 1 3
(749) (0.2) ( 445) - (64 )
To Doylight 4 4 1 2 n
. ( 32 { 34) ( .8) (2.6)
Totels ‘744 46 5 36 51

)(2(6) # 114 F¥Se (0.05<?P)

Bs Jorking with no deylight.
Stotus Category

Surgeons Assistents Scmb-

Annesthetists Totals

Hurses
Stoted Deylight 29 50 47 45 171
' (39.2) (44e4)  (4701) (4044)
Preference: ‘
Indifferent 36 43 29 38
(33¢3)  (37.9)  (40.3) (34.5)
No Daylight 22 6 29 T
(14.6)  (26.7)  (1746) {15.1)
Totals a7 95 105 90 _‘ <) |

X%z = 306 (P <o0.000)
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SECTION.....dde.
GENERAL STFIARY.
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The wozls reporbed in this thosis represonts an attempt to study
foirly comprehensively the working eunvironment of surgeons and operatiug
theatre stofie Although the eaphasie wes placed priuarily upon thermal
conditions ond the physiological measures tﬁat viere depondent upon
theny, o lorge number of other factors were considercde The work
therefore fell moburclly into o mumber of separate scctionsy o
deteiled discussion of the reoults and o sumaary of the conclusions
hos been given within each section, Furthor deteiled discussion would
be ingppropristes In this scetion o brief summery of the thesis as &
vhole will be siven.

In traocing the origins of the study of the thermal enviroment,

a fundamental distinction was dramm betueen messures of stress and
measures of straine By considering the literature, the important
perameters of thermal stress were idontificds Various meassures of
stroin wero discussed. It woe shovn that subjective repoxts of dige
comfort were no more exbitrery thon any other index of strain, and that
under most working conditions they could be the most sensitive and
useful index. A large mumber of other fsetors likely to infiuonce
subjective reports were considercds Measures of skin teaperaturc and
of locol sveat rate were proposed to support the velidity of the
subjective responsese A method of messuring momuel performance vas
proposed.

In order to justify the method used to obtain subjective responses,
ihe results of severnl surveys that had used similer methods were

recalculated end quantitatively compared by the method of probit
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analysise It wos shown that the assumptions underlying the analysis
of the thermpl questionnzire resulis were fully Jjustifieds Some
genersl conclusions could be drawn, concerning particularly the
distribution of themal comfort responses sbout the optimum.

A full account of the methods used in the present survey was
given, Rexsons were seb out for the choice of o schene involving
brief visits to many operating suites, ond interviews with over a
thousond subjects, rather than an intansivé study of o small group of
subjoctse This choice iz fundemontcl to the survey, and upon it
rests the velidity of any generalisotion from %he experimental
resultce Bome deteils of the rather specinlised instrumemation
were glven, though o fuller account has been published else;where. )
(Iidwell end Wyon 1968). The method of docusentation was given in
gome doteil; it is perhaps of some imterect in thet it formed the
Lrsmevork Hr the survey, and slloved a very lorge amount of data .
ecquired over the two yoars of the swrvey to be processed consistently
right through to the analysis by compuber programe

Methods of analysis were discussed and valideted by reference to
preliminary sorting of the dale., At this stage it was decided to use
the vapour pressure of water os a variable instecd of relative hunidity.
Some special techriques of anaslysis were introduced, including the
devintion of predicted responses end of o mesn themael response come
binin; questiomaire responses relevent to different ereas of the

body. An index of observed swexting was shown to be useful es &

neasure of thermal strzin, Sequentisl rultiple regression enslysis
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was proposed as the main statisticzl technique for processing the
larze rmumber of inter-correloted wariasbles.

Using thermal quéstionmix;e results and observed swenting as
dependent variables, regression equations in the main therngl paremeters
were deriveds Though more successful then any other index of themnl
stmt"ss, the equations accounted for abt most 307 of the veriation of
responscse Other factors sicnificanmtly nffecting these responses were
identificd, but no more than 3%L of the veriation of response could be
attributed to the more exbtensive equations.. A new method of setting
out responsc distributions was sugsested. Itiw:zs shoym that the aix
temper#ture in operuting thestres should not rise sbove 64.3°F. with
50¢ rolative hunidity, air velécity of 25 feet per mimute end the
normel emount of thermal rodiation, if no more than one surgeon in
twenty is to be uncomfortobly lhot. This tan};\erature would be c;onsidemd
too cold by the majority of angesthe’bists. It was shown that disagreement
bebtveon surpeons and emesﬁheﬁ:s'ts as 10 the optizum tenperature ig
almost universal, ond it was sugrested thst this mny be the‘ roc;t eause
of meny complaints of overheating in operating theatress Parsdoxically,
complaints of excessive heat eould be glitnins,ted in many cases were the
angesthetist to weor more clothing, These and relsted conclusions have
becn published elsevhere. (¥yon, Iidwell and Willioms, 1368)

Regponses relating to 'stuffiness', sir velocity snd humidity were
found to be largely mediated by the oir temperztures The variation of
eir velocity was found 4o be very small in opergting theatres, and to
 have 2 negligibly smoll effect on themmel responses. Temperature varice

tions ouiside the operating theatre were found 4o have bul small effects,
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equivalent to changos of only 1F® in eir tempercture within the
operating theotres Voriations in clothing were found 40 hove a
very emall effect, It wos suzuested $het elothing was being used
neor-optinally to cancel out individual differences, waich were
also found to be snnlle Differences between occasions for the same
rerson were shovn to be cimost as great as differcnces between
pex‘sons, e finding that justifies the usc of sevornl responses from
the sgme person within the survey.

Comploints of noise were shomm to he related to actual noise
in thectre, not merely to a general feeling of tensions Though the
mogsurcnents were somevhal crude, it vas sugrested that fewer thon
one person in twenty would complain 6f noise if the noise 1ével
remained below 42 dB. for most of tize times Complaints of “excessive
movenent in the operating thectre were shown to be duc to exits and
entrios rather than to movement within the theatre. Unexpeoctedly
hish rabes of movement in and ont of the theatres were recorded, and
there vos some evidence 3o sumest thot they tonded $o incresse
strain,

cuentitotive nmecgures of loczl svent rate were made on o limited
mumber of subjectss They wero found to -parallcl the subjective
reports of discomfort. Sweating wes showm to be slmost entirely
confined to the forchecsd. The shin temperature on the back of the
noek was found $0 parallol hand skin demperciure in another survey,
and to be as closcly relnted to subjective response as was the air

temporaturcs
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In p pilot study of o method of messuring mamal s:ill, in vhich-
‘o enall sample of surgeons end thoir assistents took pert, no effects
of teapercturs could be shovzi. Performance tended to be better after
operating then beforc.

Attitudes to windowless opersting thectres were investigateds
A significont change of attitudce towords accepiance was denonstroted
in those vho were actually vorking in such theatres. Ansesthetiste

were less inelined %o accept the zbsence of dnylight.
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My thanks groe duc to the hundreds of consulbants, resistrars,
houseaen and rurses ™o 50 Teondily coeoperated in this vork, and
tolornted my prescoce during surgical operntions; 1o Sister Pe
Hejazi and 8/N J. Hyslop, whio accompanicd me on most occasions,
and very obly ossisted in the collection of datas to0 Professor Re
Creese ond Professor R.E.O. Villioms, my supcrvisors, and io
Dre 0,15, Iidwell, vhose advice snd collsboration wos of paramount
importence throughout the conception, execubtion and analysis of
the worls

The Medical Reseacrch Counelil finsnced the enmbire survey; I
mas o gronbeaided rescorch essistont until October 1966, by which

stoge the prelininary onalynis of results had boon conpleted.
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