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ABSTRACT 

Two experiments were carried out in an attempt to train subj e c ts to 

increase their digital skin temperatures in .a cold room through biofeed­

back techniques , and to as s ess the effect of this increase on perceptions 

of co:nf ort and t emperature , in add;i. ti.on to the effect on performance of 

dexterity and reasoning tasks . 

Experiment I fail ed to show any evidenc e for long-term increases in 

digital skin temperatur~s as a r esult of the tr aining procedure . However, 

some correlat ional data based on sex differences in perception ratings 

suggested that subjects would feel more comfortable and perceive a room 

as warmer when their digital skin temper ature was elevated, even though 

the ambient temperature in the rooru was constant. The data also suggested 

tha t the training procedure itself was interfering with task performance 

in male subjeccs. 

Analysis of individual subjects• data f ro m Experiment I suggested rorne 

procedural changes which might facilitate the e l evation of digital skin 

temper, : ur~ in t he cold through biofeedback techniques . lbese changes 

were implemented in Experiment :rr. In this sec ond s tudy all subjects were 

able to elevate and maintain hi gh digital skin temperatures throughout 

the feedback period , even though the same subjects showed expected 

cooling for a c~uparable period in u control session . As predicted, 

subjects rated t heir comfort nnd th room temperature higher during periods 

when their digi tal skin temperature was elevated . Only male subjects were 

run in E>-.-periment II) and ·igain, (_)Cr formancc s cores indicat d that the 

effort and concentration required to volunta rily elevate di gita l .kin 
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temperature interfered with task performance . 

Commi ttee Members: 
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Dr. Martin Collis 
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Introduction 

Upon a frosty winter night, those who think themselves 
capable of victoriously enduring the test are led to the shore 
of a river or lake. If all th.e strearns. are frozen in the region, 
a hole is made in the ice. _A moonlight night, with a hard wind 
blowing , ts chosen. Such nigh_ts ar.e not rare in Tibet during 
the winter months . 

The neophytes sit on the ground, cross-legged and naked. 
Sheets are dipped in the icy water. Each rna:n wraps himself in 
one and must dry it on his body. As soon as the sheet has be­
come dry, it is again dipped in the water and placed on t he 
novice I s body to. be dried as before. The operatiqn. goes on in 
that way until daybreak, Then he who has dried. the largest 
number of sheets is aknowlecl ged the winner of the competition~ 
(P, 158-159) 

The above account horn With Mystic;:s and Magicians in Tibet (A. David-Neel, 

Lo,ndon, 1931) is cited by Evans-Wentz (1958) . It descxibes a t es-t of 

proficiency in Tumrno (Kundalini Yoga in Indi a ), the yoga of psychic heat . 

Evans-Wentz also cited personal observations and 11 well- au.t hen ticated 

accounts" by Europe.ans i .n which followers of this doctrine had been 

,,,, . - -- , - - ..... 
lLA.U-1"1'-""'-U.J....ii..> 

either nude or ciad only in thin cotton robes. These people appear to 

have mastered a method for voluntarily controlling production of body 

heat, ev.en unde r circumstances of e:- ·reme cold expos ure. 

Recent studies have shown that individuals can learn t.o increase 

finger temperatures in a normal thermal environment by use of biofeed­

back techniques (Wickramaske-ra, 1973,; Sargent et al., 1973). No studies 

t :o date, however~ have attempted to extend this technique t-0 a cold 

envi ronme.nt . 111 view of the current concern with energy and associate d 

suggestions to reduce the level of heating in schools, offices, and homes, 

the beneflls of such a technique seem obvioug even if effects can be 

shown unde1: only mild cold stress . 
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The purpose of this study is to look at the possibility of volun­

tarily increasing digit.al temperatures under a mild cold stress and to 

look at what, if any 1 perceptual and performance changes are correlated 

with such increases. 

Physiological Effects of Cold Exposure 
and Their Relation t .o Cold Pei:cep tions 

The human body's initial response to cold is one of heat conservati. on 

accomplished primarily through constriction of peripheral blood vess .els, 

thereby decreasing blood flow and resultant heat loss t hrou gh r adiation. 

This means of therrnoregulation is effective down to ambient temperatures 

(TA) of about 60°F (16°c) (data for nude ma les, Gagge et al. , 1967) . 

Below this point, theri:noregulation involves in.creased heat production by 

first shivering and then non-sbivering thermogenesis (Bligh, 1973) . 

In add,i tion to these physiologj_ca l ch anges> c'old exposur e also brings 

about c ertain perceptual changes . Gene'.rally , a perception of cold and 

fee lings of d;i.scomfort, and/ or unpleasantness, occur which vary in degree 

with th ~ type 0£ e:x;posure. The question of what stimuli trigger thes e 

perceptual changes has been a topic of debate for some time. Cha:tonne t 

and Cabanac (1965) reviewed earlier studies which found the rmal comfort 

to be related to mean skin temperature (TS), the average of several skio 

temperatures from both trunk and extremities . They referred to ct report 

by Winslow and Herrington (19 1,.9) summarizing earlier studies (Wi11slow et 

, 0 0 
al., 1937&,b) wbere a thermoneutral zone o,E rs from abou t 84 to 95 F 

(29° to 3J°C) is defirred , with TS outside of this r ange d escribed as 

disagreeable . Hardy (1954) suggested that the zone about 91 °F ( 33'
0
c) 

was a preferred or se c: point t empe rature and that adjustments we r e 
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initiated by ~he cutaneous thermal receptors to maintain the TS at this 

level. He was referring here mainly to behavioura l means of thermoregu ­

lation such as increased clo.thing or ext-en;ial heat sources. He note-d 

that strong, unpleasant thermal sensations were associated with TS 

which devi.ated from this set point and that any return of TS toward that 

p.oint was found to be pleasi:u:it, He discussed the 11 affec t 11 of thermal 

sensations as one of the most powerful drives for behavioral temperature 

regulation in conditions of external thermal stres-s. 

Chatonnet and Cabanac' s (1965) o,m data supported their hy-pothesis 

that TS was not the primary cue for discomfort . Their work showed that 

in cold bath immersion, individuals complained of. discomfo·rt only w11en 

internal temperature (Ti) fell. This decline in Ti generally c0incided 

with shivering and occurred at varying 1'
8

• 1'0 explain their data t .. hey 

hypothesized that sensi ti\rity to T. is respons1.ble for sens a tions oE 
l. 

comfort, the role of TS being purely incidental. They also s u ggest.eel 

a poss ible input of feedback. from c entral therrnore,gulatory respons-es 

(i.e. shivering) in determining comfort. They cited their own bat"h 

evidence as support for th:i.s, in addition to repdrts by -several i --1vesti­

gators that comfort was r es tor:ed when shivering wa s suppressed by either 

natural (hypothe rmia, Fay and Smith (19 41 )) or a rtific;i.al means 

(inj ecd.ons , Bortoluzzi anci t1ontoli (1.961); inhaling oxygen, MacCanon 

and Eitzm~n (19 61)) . 

Gagge et al. (1967), in an ofte11 cited work \~bicl1 is accepted a s t h_e 

definitive s tudy on the-rmal comfor t, [lropose<l a theory Hbich to some 

degr ee accouli\tc<l for the observed difference s in th e earlier s tudics. 

Bas-eel on. ratings collecte<l at tha cn.d of one hour ' s exposure to various 

TA from 53.6° to llS .4°F (12° t o 48°c), an.d f.rom ratings- throu ghout a two 
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0 0 
hour exposure to 63.5 F (17.5 C), they concluded that feelings of discom-

fort increased as the average body temperature (Ti + TS) deviated from 

its ideal leveL In addition, they too proposed an :i.nput of thermoregu-

latory responses to cue changes in comfor·t and tempetatu·re sensations, 

but they saw this input as corning from more peripheral responses (i.e. 

vasoruotion) than did Chatonnet and Cabanac (1965). Gagge et al. concluded 

that this response could override both Ti and 1
8 

in de t ermining camfQrt, 

especially in a .retm::n to neutral TA. Their conclu&ions were based on 

their findings that as TA decreased from 86°F (30°c) to approx imately 

6b°F (16°c) comfort decreased linearly . 0 0 
Be low TA of 59 F (15 C), comfort 

decreased much more rapidly. Since vasoconstricti on is consid ered to be 

0 0 
an effective means of thermoregulation down to TA of about 60 Ji (16 C), 

very little decrease in T. would be expected after a one-hour exposure 
l 

at TA greater than 60°F (16°C) . In £act) one might have. expected an 
" 

initial increase in T. at the higher temperatures used here due to 
1 

redistribution of heat as -a result of vasoconstriction, yet comfort still 

shot.,,ed 1 decrease. This expected increase in T, was reported by Gagge 
1 

et al. for the t,-10-hour 63 . 5°F (17.5°C) e}._-posure . Subjects in that study 

showed a large decrease in c-omfo,rt tatingi; which corresponded ~-1ith initial 

vasocons triction and decreased TS. T. , however, showed an inc-rease at 
l. 

the same time. Ratings remained fairly s;t able showing onl·y a slight 

decrease through ·the r est of the two-hour s ession, even though TS contin­

ued to drop and T. l!iad begun to fall by the end o f the ses,si on . Whe n 
l. 

subjects were transferred to a warm room at .this time, comfor t ratings 

returned to normal corresponding t .o initial va.sodilation and increased 

TS,. even t!1ough Ti continued to fall for the next hour. This data by 

i.tself u gges ted that the strongest de terminant of comfort is the pe ri >h-
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enil thermoregulatory response. While this may be true for exposures 

where peripheral thermoregulation is effectiv.e, Gagge et al.' s inclusion 

of avera_ge body temperature provided a clearer explanation of not only 

their other data such as large increases in discomfort when T. falls at 
1. 

low TA, but data referred to earl ier frbm other inv~s tigators ( Chatonn:et 

and Cabanac, 1965; Winslow et al., 1937a , b). 

Gagge et al~ also at-ter:n.pted to refine the cornf ort scale used by 

previous investigators by separatin:g temperature. sensations from comfor t 

sensations. For ratings made at various TA, they found ratings of cold 

to increase more rapidly than disconifort dm,m to TA of approximately 64°F 

0 
that ( 18 G); but from point down , discomfort continued to increase while 

perception of cold levelled off. Comfor t was found to correlate well with 

TS, while small drops in TS produced relatively large increas.es in cold 

perception. In data based on one cot1tinuous exposure ( 63 . 5°F (17. s 0 c)) > 

they found both discomfor·t and cold perceptions to increase marked ly· 

upon inLtial exposure with very 1i ttle further chang_e throug h the two-hour 

period. When subjects were transferred to a warm room, comfort r;•tings 

returned tl:> normal immediately , while te□Jperature ratings showed ..1.n 

immeµiate large increase but took nearly 15 minu t es to return to normal 

Levels . This data sugg,ested that while perceptions of comfort and temp­

erature appeared to be similar, they might be discriminably different 

sens .atio\1S ~ evidenced _particularly by the divergence of the two rating 

scales at low TA. More data would be useful t o determine the nature of 

the differences in these two sensations , but on the b asis of this data 

it appears useful not to risk confou,nding comfort ratings with ratings 

o{ tempc:tn ture. 

This con ounding µ,traduced by the words us.ed to define a scale is 
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only one of the problems inherent in subjective scaling techniques which 

complicate direct compar;i.sons of the studies discussed here. Dif.f,'erent 

anchor and refer.ence points for sca: l cs , equality of intervals within a nd 

across scales, iruplicit sets induc.ed by the experimental setting, and the 

validity and reliability of sti mulus r -atings bo th within and across 

subjects are a ll old problems of psychophysical scaling techniques which 

may them_selves alt.er results across s tudies (Stevens, 1951). For example, 

Chatonne t and Cabanac (1965) defin.ed discomfort as the point at which the 

subjects complained of the c:old. This approach in itself may have yiel<led 

quite diffetent results than the category scales used by Winslow et al. 

(1937a,b) and Gagge et al. (1967) 'I-there subjects rated t .heir discomfort 

at fixed intervals on a pre-labeled sc-ale (see Stevens (197 5) for a com­

plete discussion) . In addition to these problems, physical differences 

in the experimental settings such as dry cold exposure or cold water 

immersion, varying degrees of clothing used, and different leve ls of TA 

used also hinder direct comparison of the studies . 

Taking the above probl ems into consideration, it is still re; -::onable 

tb expect, on the. basis of the above studies, a correla tion between com­

fort, r
5

, and tberrnore gulatory vasocons triction. Whether any of these 

factors has a c ausal relationship to the others is still an e xperimental 

question. If the c onclusions of Gaggc et al. (196 7) are correc.t, a lar ge 

increase in discomfort wou ld be e::-..rpccted on. initial e>q)Osure to low TA 

correspondin g to :i.ni tial v as ocons triction. With extend_e-d e xposure- , 

discomfort shoul-d incrc.:ise as T
8 

decreases, dis c omfor t incre.a s ing even 

more sharply as T. b·egin,s to decr~nse. If two of these variables are 
1. 

alte1·ed> a corres ponding ch a nge in c-omfcr t sh.ouid follow. This is indeed 

the cas e when vasodilation nnd incre:.ise · TS are induced by increns ing TA, 



7 

e:ven though T. remains low (Gagge et al. , 1967) . The purpose of this 
l. 

s .tudy is to attempt to condition incr.eased Ts via vasodilation under 

conditions of mild c old ~xposure while holding. TA constan t , ?nd obs,erve 

the effect of these changes on comfort t •atings. 

(rt1e vasodiiation of intere~t here should be disting~ished fro~ 

0 . 0 
cold-induced vasodilation occur-ring at TS less than so. F (10 C) . This 

vasodilation appears to reflect the inability of smooth muscle fibers 

to contrac:t at tbes·e temperatures (Keatinge, 1970) .inc! is not a t;hermo­

r ·eguiatqry response,. This vasodilation i s generaHy acco1:npanied by 

shivering and pain (Carlsbn and Hsieh , 1965) and is cons i dered to be 

quali ta.tively different from the vasodilation dis.cuss,ed here . ) 

Acclimatizati,on to Cold 

Sinc.e the pr esent study involves modi.Eying a strong homeos tadc 

resp.onse , t;be questi0n ari,ses whe1,:her th¢ il11pl11.;aLiani, u[ L.i.1..i. b 111u:1.i..i.L.LCd.c..iuo 

may pose a danger for the organism . Al thou gh the level s· of TA to be used 

here are relatively mild, a lower TA cou l d be a logica l extension for 

future tes.earch. The ques ti:on then ,.rises as to whethe r keeping l a-rge 

amounts of bl9od in the periphery during cold exposure may be :a ma l adap tive 

response , fo.r example by producing a dangerous Lowering of T. , or alter-
1 

nately by producing extreine incr1?F1,ses in i;netabolism. Studies on accli.mat-

iz{:lti,on t0 cold offer some ev id¢nc e that thi s n.e.e.d not be the case . In 

fact• they offer evidenc.e that increased periph~ra 1 t .emperatures in the 

cold often re,sult from adaptation. 

Studies of acclimatizat;im, to cold room exposure and cnviromnental 

exp~~ure have fai l ed to shtiw a sim gl e consi~t~nc pattern of c ~1d actli~a­

t.ization . Th,e available evitl ertce offers support for at l ~ast thr , 'C c\is-
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t;i.nct patterns which may be referred to as metabol.ic , peripheral , and 

insulative adaptation. The first two of thes .e patterns r esul t in 

increased peripher al tempera tures , although the physiological changes 

underlying the warmer extremities are different in each case. 

Metabolic adaptation consists of elevations in basal metabolic rate 

(BMR) above the DuBois standards along with increased peripheral blood 

El-ow and increased t emperatures of the extremi ties, often above levels 

displayed by non-acclirra ted white control s ,· even at war ro TA . I nd ividuals· 

showing this pattern of adaptation show a further increase in metabolism 

during c0ld exposure and are able to main tain warmer extr emities than 

non-acclimat ed con.trol s in t he cold. This pattern has been reported in 

Eskimos (Adams and Covino , 1958 ; Hart et a l., 1962), in a Nepal ese Pilgrim 

(Pugh , 1%3), and also in Caucasians eXposed for six weeks to a natur a l 

c0ld environrno.nt (Sch olande r et al., 1958a). J.t has been suggt>stecl ( e . g . 

S cholander et al,, 1958a) that the increase in me tabo lism is res,ponsible 

for the observed incre ase in blood flow and peripheral temperature . Whi le 

t his ir,terpre t ation is consistent with the above re_sults·, metabolic 

increa. es in the cold do no·t appear t o be necessary t o produce increased 

peripheral blood f l ow or tb mai ntain warmer extremi ties . This is evidenced 

by the reported cases o f peripheral adaptati on wh_ere warme r extremities 

have b~en observed :ln the cold with no ass .ociated rise in BMR, and a 

significantly lowe r ~etaboli c response to c old than is seen in non-accli­

mated controls. In addit ion to theqe differenc.es , this pattern is often 

accompanied by significant ly lower rectal te1uperatures ( TR) during co ld 

exposure than is found in controls. Pe r ipheral ndapt tien h as been 

reported for Lapps (And e rsen et al., 1960) , AndeAn Indians (Elsner , 196J) , 

and Caucasians exp,oscd to cold environments for two to four weeks (Balke 
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et al., 1944; Carlson et al., 1953; Rennie, 1958). To account for 

these observations, Carlson et al. (1953) proposed that cold-acclimatized 

men exhibi t a different pattern of thermoregulation ,-1hich involves 

chan·ges in both metabolic and vascular response to cold whereby the 

extremity skin remains warmer, but cooling of peripheral subcutaneous 

tissues accounts for a grea ter proportion of hea·t loss than be fore 

acclimatization. (This concep t is proposed as -a hypothesis to be tested 

in futute resec1.rch rather than a theory supported by experimental evidence .) 

It should he noted that a third pattern of acc.limat i za tion to cold 

di ffers markedly from both of the abuve patterns. In contrast to the 

warmer extremities which characterize both metabolic .and p e ripheral 

adapta tion patterns, c onsiderable l owering 0f extremity t emperatures has 

been noted in response to a cold environmen t in the Australian aborigines 

(H at'Ol e l, 1960; Scholande_r et al., 1958b; Hart et a], s 1962) . Th.is 

ins.ulative adaptation results in increasing the insulative properties c,f 

the skin by -allowing it to coot , thereby increasing the thermal gradie-nt 

from the body's core to the environm ~nt . The aborigines show no metabolic 

increase in response to cold exposm.e until s·kin temperatures a t the 

extremit_ies approach levels wbicb woold result in tissue Jamage. At this 

point a slight elevation in metabolism is seen which results in mai ntain­

igg TS just above the level of tissue damage ( S0°P (10°C)) . B'MR in th e 

aborig ines is not e levated abov e the. DuBois standard . Thi s unique pattern 

of physiological adapt:ati o.n coincides with a1;10ther unique char acteristic 

of the .aborigines ' re sp onses to a cold environment which should be n.O'ted. 

They are the only 
0
roup r ep orted h e r e which has trnt r es ponde d to cold by 

b ehavioral means of thermorC!gul a tion s uch as clot hing and shelter , The 

0 0 
mean tcn1µ e -rature o f their environment is 41 F (5 C) 1 y e t they have Bever 
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worn clothing and their means of shelter consists only of short windbreaks 

used while sleeping. The aborigines are reported to sleep soundly t hrough 

0 0 
the night, even down to temperatures of 33' F (1 C), and show no obvious 

signs of discomfort. These findings suggest a cul tuFal component of 

comfort which may influence patterns of cold acclimatization. 

Manual Dexterity Decrements in the Cold 

In addition to the phys iological and subjective changes associated 

with cold exposure which have ,already be.en discussed, the dete:r:-iora t .ion 

of manual dexterity in the cold has also been the topic of much research. 

Many studies have t:i;-;i.ed to pinpoint the exact factors involved in the 

observed decrements in d ex terity so that practical solutions might be 

developed which would enable people to work efficiently i,n cold e1wiron­

ments. One su.cb study (Ma ck.worth, 1955) c ol)1pared ruen in sub-Arctic 

M·a ckworth found that the ,outdoor men in his study had seven times gr eater 

two-point tactil e discrimination on their fingers in the cold than the 

indoor nen , even though both groups were the same whe n t es ted in war m TA. 

He also found that the outdoqr men had highe.r digital t emperatures t b_an 

the indoor men both before and during expo.sure, a·nd that the outdoor men 

were more resistant to numbing effects of th e cold. He found a similar 

pattern o f r esults were shown as a r esult of col.cl room e>-.--posure (5°f (-15°C)) 

for t wo hours a day, five days a week , for five weeks . Uis cold room 

subjects also reported less subjective dis c omfort to the cold . 

Mackworth' s f ind ings sug,ges t ed two f.actors \.fn ich might be re'sponsible 

for decrements in the cold: first, a distraction effec t which was proposed 

by Teicb.ner ( l 957) , and second, 1 owe r ed digit a l teinpe ra tur_es. Stu dies 
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by Gaydos (1958), Gaydos and Dusek (1958), and Lockhart (1966) which 

differentially cooled either the total b ody surface or hand surface 

showed that lower ed digital temperature was the major cornponent in 

performance decrem.ents for tasks involving oi:;ily wrist - fin ger speed and 

dexterity, such as knot tying . Slight decrements were observed when 

digital temperatures fell to 65°F (18.3°C), but significant decrements 

did not generally occur until digital temperatures fell below 60°F ( i6°c). 

The effect of distraction was ruled out in such tas1-:s since no decrement 

in perforrnance was observed even wben the TS was lowered to 69°F (20 . s 0 c) 

as long as the hands were kept warm . Hovmver, c .o,o l ing the body while 

maintaining hand temperature did produce ? decremf:?nt in tasks which involved 

grosser f.orms of dexterity , such •as forearm movements .. 

Clark and Cohen (1960) demonstrated tha t di gita l. temperatures a re not, 

however, th e only f.'.).c tor involved in prod1.Jcing performance d~crements on 

digital de-xterity t asks in the cold, but tbat the rate of cooling was 

also an imp ortant factor. Their data showed that while significant 

decrements in p erforr!)ance were observed a:t digital t emper .atures o : 45°F 

0 
(7 C) regardless o f c .ooling tillle , significantly grea ter decrel'nent 1 were 

seen in subjects whose hands reached this t emperature over · a period of 

35 minutes than in subjects who reached this temperature in 15 minut.es . 

This data suggests that Gaydos (1 958 ), Gaydos and Dusek (1958), and Lock~ 

l;iart (19 66) may have b.oen too hasty in ruling oLit dis traction eff"'cts as 

a factor influencing performance decrements in tl,e cold . It is suggos tad 

that lowered digital t emperatures are necess ary and sufficient to produce 

digital dexterity performance decrements i. 1.1 the col<l, but dis traction 

effects 1:esu 1 ting !:ro1 incr~ased ex posure time may add to t emperature 

effects and i ncrease the nugni tude of the decr.emcnt. Repeated exposure 
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to the cold ten.ds t .o reduce feelings of discomf ort. as well as increase 

peripheral -skin temperature, both of which seem to lead to the observed 

reduction in performance decrements seen in individuals acclimated to the 

cold (Mackworth, 1955; Clark and Jones, 1962) . 

The above data suggest that reduced dexterity decrement_s should be 

observed in individuals. trained to increase peripheral blood flew in the 

cold, especially if increased peripheral t:!:!mperatures r ,esul t in an increase 

in comfort. 

Biofeedback Tecbnic:tues and Digital Skin Temperature 

Irving (1972) reported a study in which he had compared finge r and 

toe temperature s of two young men, belonging to a s .ect i n Alaska wl1ich 

wore only ligh t clothing and walked barefooted in winter snow, with the 

same measures from a young airman. Th.e three s ubjects were tested in a 

b ,., ~o-roo,!'i a;: 1... Ou. t J ..:. b' 

r ewarmin g of the extremities, only two bouts of minor shivering , and 

were able to r .ead in preparation for ex.aminations during the session . 

In contrast, the airman ' s e:gtremitie-s became painful; h .e shivered so 

violently that the session had to be terminated; and he remarked that he 

"was comp letely unfitted for any us e during the t est" . In addition , 

Irving c .ornrnents : 

One of the students volunteered that a giv en toe was 
warming just as th: cyclic :recordec showed local wa'(mi ng of 
Ute skin by 0ne degree, and repc·nted the rema rk of d1ang 1:: 
when another location bad cooled one degree . Thus we see 
that goo.d endu r ance of cooling was attended by fine discrim­
inat:.ion o E consciously obse)~ved wa rmth in contrast to the 
us less numbness of the intolera nt subject . (µ. 185) 

Irving ' s col.IlCTlent emphasized a vety iinportan aspect of the st:ud c.ntcS 1 

b ch.:1v,ior : the students had be.c.ornc sensj'tive t o a phy' iolo0 i cal process 

which most people a.re n ornia l y unavarc (•f. Th ey bad learned t .o di.scrim~ 
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inat.e smali c'b_.anges in peripheral temperatures. Developing. such sensiti,v­

ity and discl;".imination is a major emphasis of biofeedback training·. 

The techniqne of biofeedba~k is based on the principles o[ operant 

cpnditioning whereby the frequency of occurrence of a response can be 

increased by r einforcing the or_ganism each time the dec;ired response is 

emitted. This process requires that there be va riability in the system 

of interest so th·at the response both occurs ~nd can be discriminated ftom1 

othet; vespqnses·. Bi,o.f'eedba~k is a special case -of operant conditioning 

which deals with reinforcin,g the occurrenc.e of res ponses in physiological 

systems. The problem which a rises when dealing. wi tb physiological sys te.ms 

is that most organisms are not s,ensitive to chang.e s in ongoing phys-iolog~cal --­

proc,esses. While Irvin,g ' s stud ents had learn·ed to discriminate smail 

changes in Ht:1ger and toe t.empe r a:tures , ruos t individuals find s.uch small 

changes either di.fficul t 01: impossible to notice, Biofe.12db,-:c k re;, ,:irch 

.has .shown that intliv:i.dual s c an learn to be sensidv,E\ to s•uch chang·es and 

voluntar ily conetr01 them under normal thermal conditions. Lis ina (1965) 

reported that her subjects could learn to dilate blood vess el s i n the 

hand to tu:rn off a painful shock. La.te1: investigators have repor ·:e.d 

learned finger vasocons·trictiori (Snyder and NobL(;?., 1971), learned dila:tion 

and constrictio°' of cephalic blood vessels ( Chris Lie a.nd Kotses, 1973), 

and learned c.ontrol of p eripheral skj_n temperature :(Rober ts E! t al. , 197ft). 

In addition, researcuers are reporting suc¢ess irt trea ti ng 1i1i g:raine 

head acheS: by training pat-Lents t o raist.:'. fin&er tenip.er.atutes, and thereby 

presumably redi.strib 1ting blood flow to the periphery (Wi c kra:m.-isker.;i. , 1 9 73.; --­

Sargcnt et al., 1973). These studies have usQd extc.t;n.:11 means of moni-

t oring physiological sys t ews ajld !)rov idi 11J!, feedback to the s.ubjec ts --------... 

r e garding the stil-te 0£ the system at a: [ :tven p oint in time . On.c e the 
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desire.d resp o~se has been lear.ned with external feedback, su·bjects appear 

.to be able to produce the same response without feedback (Wick.ramaskera, 

197.3; S-argent et al. 1 1973). In fact, Roberts et al. (1974) ha.ve r eport;ed 

tha t some subjec ts have act1.1ally shown better coni:rol ,of skin telilp~ rature 

in posttests wit:hout feedback, Ghrist:ie a nd -Kot-ses (1973) have reported 

the relative ease wi t'h which va.soroo t or r esponses can b,e l earned based 

on data showing significant control of both ceph,alic vasodiLation and 

vas-oconstriction after three 25-rni,l:lute sessions . 

Hofeller et al. (1975) have raised an interesting methodological 

problem associated with biofeedback training . Their study was originally 

designed to test the relative merits of digital vs . anaiog feedb a ck in 

h~n4 temper•ature control . In addition, tbi; experimenters• wanted to 

include rigorous laboratory controls which they felt had been l a ckin.g in 

rnany previous studies since mos t had been done in clin:icel settings with 

high expe rimente:i;-- subject interaction. They designed a s tudy whic.h 

li01i t e d experiment er- subject interaction by -presen ti ng ins tn.ietio_n on 

tape and making all direct contact betwem experimenter and subject 

impers .onal . The only significant temperatt,rre inci-eas es occ1cJr:r.ed . n the 

firs t of three -sessions in the analog grqup. relat ive to the control group.. 

The magnitude .of in-ci•eases shown by their subjects ~.ras much smaller thart 

had been reported in the clinical studies. Analyzing i.·e-spons es to an 

ope n-ended , post-training interview revealed that mar.iy subjects resented" 

the sterile atmosphere for what they considere,d a vety pe rs ~m,al __ xperience. 

and resented heatitig !:;he "an~m ym.ous 11 voice on the tape . Sume r emarked 

they h ad bee n s.o :i.-rritated wi t h listening to the tape they .bQ.d tried not 

to follow the instruction on t:he recordin g . In addid.on, the e.i-..-p~dmentcrs 

reported that con:ten lc analy·sis oJ: the 'Luc!stionnaire had indicated two 
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performance sets in the subjects tested. They cl~ssified the first of 

these as task-oriented, These subjects· reported believing that control 

would be bes·t achieved through mental effort and concentration, appeared 

not to be worried about their progress, nor did they appear to lack 

confidence that they would eventually gain control of th.ej_r hand temper­

ature. The second performanct'! set was classified as evaluation-oriented , 

Subjects l;ith this. set reported being concerned about their success or 

failure in training, reported lack of increases as a failure and reported 

becoming tense or upset• when tbe feedback light did not come on. These 

subjects pressed the experimenters to find out how they were doing relative 

to the norms for raising hand temperatures a1 d typically looked for s ome 

means of evaluating their p·erforrnance relative to other subjects . 

Reanalysi s of the data iu terms o f performance sets showed t hat subjects 

1,,ri.th task-oriented se-ts shm ed successively J;irge1; temperature increases 

over the three sessions relative t o both thei,r own previous performance 

and the performance of subjects with evaluation-oriented sets . The 

authors concluded th a t one of the main functions of a wa r01, flexihle 

experimenter- sub ject relationship was to mitigate against the neg1.tive 

influences of these evalu a tion-01,~iented sets which are counterproductive 

to biofeedback training . 

Wickramaskera (1973) has s u ggested tha t observed increases in finger 

ten1per.ature in migi:a.ine headache subj~cts are the result of rela),ati.on. 

effects on the sympathetic system . If this is the c ase , it is easy to 

see why the tenseness r eported by Hofeller et al.' s (1975 ) evaiua tion­

orientecl subjects would limit their ability to produce t emperature 

inc:reases . While Hof el ler et .-i l.' ~ eonclusio.ns bave not been directly 

t ested or replicated~ the points they h;.ve rai cd bc.a:r consideration in 
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the design of studies using biofeedback techniques. 

The present study was d_esigned to use biofeedback techniques to 

experimentally increase digital temperature during mild cold e:xposure 

and to determ;i.ne :whether corr,elat·ed changes in comfort ~nd temperature 

sensations would result. A digital dexterity task and a mental reasoning 

task were also included to determine whether performance decrements ,.;1ould 

resu lt from the cold exposure, and, if so~ whether these decrements 

would be teduced in subjects, who increased their digital temperatures . 
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Subjects. Subjects were 9 male and 9 female volunteers from 22 to 33 

years of age. All were personally acquainted with the experimenter. 

They were asked to participate in a study involving attempts to raise 

finger skin temperature by biofeedback techniques while in a cold r oom . 

Three males and three females were then assigned to each of two experi­

mental g_roups and on-e con trol group. Three male subjects had requested 

they be assigned to a specific group. Since subject cooperation was 

an essential part of this study and the demands placed on the subjects 

were often unpleasant, these request were complied with . This resulte-d 

in one male in each group being placed in the group by reques t , ancl. 

random assig_nment of all other subjects. Height and wei ght of all 

subjects are p1·esented in Table 1. 

:Apparatus . A 6000 BTU ~·oom air conditioner wit,b a tooling unit was used 

to cool an 8 x 10 ft room. Although the ,study had ori gj_nally been designed 

to use 1. TA of 59°F (15°c), limitations of the equipment made it necessary 

0 0 
to use an average TA of 64 F (17 ,8 C). Air circulated by the cooling unit 

oscillated f rom 61. 0 :F (16.1°c) to 67°F (19 .4°G) in 10 minute cycl~s and 

res ult ed in a draft on the subject's back. Pilot tests done on s ubjects 

not used in the pr esent experime,nt showed that no systematic effect on 

cooling ,was produced by the cycling of the air conditi oner . 

A relatively mild TA ·vas chosen for t,vo reasons. l;<';i.rs t, Gagge et al . 

(1967) had shown that the range of temperaturn used h ere was su[Uc.icnt 

to produce both cooling and di.scorn fort and it s · emed that th e mild .s t 

stre ss sufficient to tel'lt the l1.ypothesis mi ght maximize the subjects ' 

chances to inc1,·ease their temperatures. Second, a n effect shown for this 

--------- ----------- -- -----
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Table 1. 

Height and Weight by Subject and Group. 
(F = Feedback group; I ~ Ins.truction group; C ~ Control group.) 

Subject Height Weight 

MALES 

Fl 5' 7" 145# 

F2 5' 711 130ft 

F3 5'10'' 145/,!-

Il 6' 111 160;! 

12 5 1 10" 165/fo 

I3 5 1 1011 l401t 

Cl 5' 711 155# 

C2 6' 2" 165# 

r.1 S' 1.011 i40t 

FEMALES 

F4 51 9" 130¥/ 

F5 5' 3" 112# 

F6 S' 3\1
' 1201t 

IL+ 5' 111 116-ff 

15 s' 4n 125ff 

16 5 1 5%' ' 1401/ 

04 5' 5rr 130# 

cs S' 411 128# 

C6 5' 4,11 117-Jt 
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temperature range would have practical implications for current proposals 

to lower heating levels of schools and public buildings. However, the 

TA us.ed here is higher than t11ose used in any studies which reported 

d.ecr.ements in dexterity task performance. Therefore_, inclusion of 

performance tasks in the current study should be regarded as ancillary 

and exploratory in nature . 

A thermistor from a Biofeedback Technology (BFT) 302 Feedback Thermom-

eter was used to record f;inger skin temperature. l'his instrument is 

designed to provide accurate, immediate informat:ion on peripheral skin 

temperature changes and c an detect changes in skin temperature as small 

0 0 
as .1 F (-v.06 C) per mm. The unit provided auditory feedback via be.ad-

phones in the f orm of a tone which decreased in frequentJ as finger temp­

erature increased. Tbe unit is equipped with a meter (range == ! 2 . s°F 

~1.4°C)) on tvhich the experimenter can c n.ntinuous l y monitor s1..1bjects ' 

temperatures, and was, modified to drive an identical me ter which was 

used to provide visual feedba ck to the subject. These meters ,-1ere marked 

off in increments of .1°F (~.06°C). Finge:r; tempe1·ature was continuously 

recorded on an Esterline-Angus char1 recorder (sens it:i. vity == .1 °r (r-> . 06 °c) / 

mm). 

An attempt was made to monitor tympanic a nd thoracic skin temperatures, 

but had to be discontinued due to equipment failure. 

Procedure. Subject s were asked to change into bathing su;i.ts and shoes ~ 

no socks, in a small anteroom before entering th e e'>=perirnental too1u , They 

were seated in a ch~il;' eente.red approx:i.mate ly three fo et in front of the 

c ooling unit to equali.ze the effects of circulating atr on: all parts of 

the body . The oxperirncntet was .seated to the ri ght :ind behind the subject. 

The thermi: !:'or was attached to the v entral sur[ace of the second finger 
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of the subject's non-dominant hand. ("Dominance" here refers only to the 

hand used fo r writing . ) Subjects were asked to sit qui.etly throughout 

the s ·cssion with elbows resting on the arms o f the chair and their hands 

either on the arms of the chair or on the table in front of them . Base­

line temperatures were recorded for the first fifteen minutes 0£ the 

session to establis.h a c ooling rate for eac·b subject . All subjects were 

asked to read material of their choosing during this period• Fol lm,1ing 

baseline, subjects in the Feedback (FB) group were givetl acc ess to visual 

and auditory feedback apparatus . Modes t>f feedback wer.e exp l ain.ad and 

they were asked t.o try t.o increase their temper ature or sl.ow the rate 

of decr ease by whatever means p.ossible without movement . This period 

lasted for 30 minutes . A second expe:i:imental gr oup ( I1is true tions group 

(I)) was asked t o concentr -ate on warming their hands for the equivalent 

30-minu te period bi.rt was giv en no external feedback. They wei;e told they 

could see (and we.re shown) their results only at the end of the session. 

The Control (G) group continued to read throughout this period . Following 

this 30-minu t e c oudi tioning period, ::mother fifte·en minutes of bas-e line 

were recorded fo-r all subjects. Sul- Jects again read during this period. 

Subjects were asked to rate the room temperature and their th-ermal 

comfort in tbe room five times throu ghout th.e session: 

(1) i mmediate ly after entering the room, 

( 2) at the end of the first bas eline, 

(3) after the first 15 minutes 0£ the conditioning period, 

(4) at the end of t he conditioning period, and 

(5) a t the end of the final baseline. 

Scales use:ci. by G ggc e t <'11. (196.7) were used for this pu:rposc. Scales 

were drawn on 15 cm continuwns ,o1ith intervals labeled as follows: 
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Comfort 

__ I ___ ~ I ____ ! ____ I ___ --'-! ___ -----'-! ___ ! 

Comfortable Slightly 
Uncomfortable 

Room Temperature 

Uncomfortable Very 
Uncom(ortable 

..._ ____ _._ ____ __._ _____ ~----~-------------- / 
Neutral Slightly cool Cool Cold 

lt was explained to the subjects that room. t emperature ratings referred to 

how they perceived the actual tempera ture of the room, and t ha·t comfdr t 

ratings referre<il to their thermal comfort in the room. Subj ec ts were 

t:old they could mark anywhere on the scale and that if they felt the scale 

was not adequate in either direction they could mark beyond it, noting 

how far they felt the mark should be in inter vals . Subjects we1·-e en_cour~ 

aged to ask ques tions. on any points they did not fully understand . Each 

ratii:ig by the subject was made without seeing previous rat i ngs . Ratings 

were scored by ine.asur-ing the distance in cm from the left end o f the scale . 

Subj ects were also given a digital dexte~ity task four times during 

the session: 

(1) at the beginning of the session, 

(,. ) a t the end o,f th.e first baseline , 

( 3) at the end of the conditioning period , and 

(4) at t he end of the second baseline . 

This task involved fitting key-shaped metal rods 3.5 cm long by .5 cm 

wide into keyhole slots of t he sai-ne size . The s lots ar e at different 

orientations forming a 5 x 5 grid 01:1 a 10 cm ,squar~ box. Sc.ores on the 

t a1?k ate the mnnber of rods fitted into slots in 30 sec . Althow•h this 

task bad not been used in previous cold studies, it ha_d the adv~ntage of 

showing no pr actice cffoct in pilot tests , and therefore r equired no 

previous training pro edure. It could also h _ admin.is t ered in a very 

b1-ief per!.od of time and the re f ore p1.·o<lucc only min:Lma l movemen t arti ·· 



22 

facts in cooling curves. Slight temperature increases were seen in 

some subjec t s during performance of the· task, .however, and for this 

reason the task \olas not given during the conditioning period. 

In addition, subjects were asked to do a r easonin g test (Baddeley~ 

1968) twice during the session: 

(1) at t he begin_ni~g of the session, and 

(2) a t the end o f the conditioning period. 

This tes t involved completing as many items as possible in 60 sec . Items 

were of th.e form "A follows B - AB" for which the s ub ject decided if t h e 

phrase "A follows B" was true or false lvith res:pect to t he letter pair 

rrAB". Items ranged iri difficulty from t.he one lis te-d above through ones 

such as 11A is not preceded by E - BA" . The score on the test was the 

number of it·ems correct. Baddeley reports tbe test to shmv no practice 

effect after the initial t rial and to give high l y r e liable results ov·e,r 

days (r = . 8) . The test was given a t the two times stated above so that 

the three groups could be compared when their dig ital skin temp.era.tures 

s hould have been most simila_r (at the beginning of the session) and when 

the ma.'l;irnum difference in temperatures was expected (at the end at the 

conditioni ng ped.od ). One- third 0£ the i terns were randomly selected £ ronl 

the ori g inal test . Only one - third of the items were used so as to mini­

mize movement artifacts and dist1:action or concentra tion effects which 

might result from taking the test and thus confound cooling curves duriug 

b aseline periods . Th~ test used here consisted of 22 items which subjects 

were given 60 seconds to complete. 

The comp letc design is outlined in Tabl e 2. 'L'his procedure. was 

repeat.e.<l at the same time on three consecutive <lays for each subject. 

Ti1nc of day was balanced acr.oss groups ty running equnl mtmb.crs of sub­

jects f r om co.ch group in the r:n:or:ning , aJ.ternoon, and eveuin.g . Subj e rts 
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we.re asked not to eat f or at least one and one-hnlf hours prior to each 

session. (Forster et al. (1946) reported that eating lunch caused an 

o . o h increase in hand skin temperature at a TA of 62 . 6 F (17 C) w ich took 

one and one-half hours to return to pre-eating levels . ) Subj ects who 

smoked were also asked not to smoke for an equivalent length of time to 

alleviate poss:i.ble contaminating effects of .nico.tine on the circulatory 

S)!S tem. 
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Results 

Digital Skin Temperature 

Temperatures were scored at the beginning of the sessioJ1, and at 

the e-nd of eac,h 15-rninute interval throughout the session . These s c ores 

represented temperatures at the start of each session, end of Baseline 

I, mJdway through conditi.oning, end of conditioning, and end of Baseline 

II. These points aLso corresponded to the times that comfert and ten1per­

ature ratin gs wer~ made. Data were analyzed in a 2(se~) x 3(conditicn) 

x 3(day) x 5(time) univariate analysis of varianc-e with repeated measures 

on day and t ime . Treatment effects would thus be shown by a 2 - way 

condition x time and/or a 3-way condition x time x day interactj.on. The 

F table from this analysis is pr esented in Table 3. 

The analysis showed only a si,gnificant effect for time (Ft+,
48 

== 

6.8 . 396, :e_ == • 000000) indicating that subjects cooled significantly over 

the session . It can be concluded from this analysis that t1ie cooling rate 

did no.t change significantly over days, nor was it s i gnificantly affec tcd 

by the ex:perirnental conditions or sex of ~he subject. 

These results are represented graphically in Figure lA. Although 

the sex difference in dig ital cooling was not significant (F
1 12 == 4.389, 

' 
E. = .058), the low probability value apd t1_1e p arallels with .other results 

presented below make it interestin g to include a graph of the cooling 

cu r ves for the two sexes for- purposes of comparison (Figu1:c lB) . The 

curves suggest a tende ncy for females to c ool at a faster rate th.:tn males, 

but this time by sex interaction was far from significant (F
4 48 

== 0.930 , 
' 

£. = .428). 

Subjective Comfo t Ratings 

A 2(sex) x 3(condition) x 3 (day) :x: S(t:ime ) univariat e .:in.:1.lysis o. · 
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Table 3 

F Table for Digital Skin Tempera ture Analysis 

Source 

Subjects 

Sex 

Condition 

Sex x Condition 

Error (Sex x Condition) 

Day 

Day x Sex 

Day x Condition 

Day x Sex x Condition 

Error (Day x Sex x Condition) 

Time 

Ti rr: Y Sex 

Timex Condition 

Time x Sex x Condi tion 

Error (Time x Sex x Condition) 

Day ·x 1'ime 

Day x Time x Sex 

Day x Timex Condi tion 

Day x Tim.e x Sex x: Condition 

Error 

DF Mean 

17 

1 

2 

2 

12 

Square 

554 . 70 

9 . 83 

43 . 03 

126.39 

2 4 . 79 

2 9 . 03 

4 62.16 

4 16. 77 

24 28 . 51 

4 1187 .57 

{~ 17. Q~ 

8 14.32 

8 19 . 86 

48 17.36 

8 8 .06 

8 3 ,62 

16 7 .82 

16 3. 7 2 

(Day x Time x Sex x Condition) 96 5 . 81 

* significant 

F-Ratio Probability 

4~389 

0.078 

0 . 340 

0.168 

0.3,17 

2.180 

0.588 

68 .396 

0 . 980 

0 . 824 

1.144 

1.388 

0.623 

1..346 

0.640 

0.0580 

0 . 9256 

0. 71 8 1 

0.8464 

0.7314 

0 . 1018 

0.6744 

* 0.0000 

OJ,.,'2 J5 

0 . 5852 

0 . 3523 

0. 2117 

0 . 7570 

0 . 1860 

O . 8440 
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Figur e 1 . Fii1.g-e.r t eLnp~r arurc decrj:!mcn~ :Qver tin1' . Top 
grnph ( lA) s hows t emper-a tu.'c. at hcgi nn·o Q o r s ession ( I) , 
end or fir s t baseline (J.n: , mfclw(ly i n condi tioning. r~ r iod 
(Cl) , encl bf corrrlit ionlng period (C1) , ~nd a nd of second 
ba,-eLin e ( D2) , P i gur~ is avcra ~ of n l l s .ubj ects on a ~ L 
days . Hot t om. gr.ap b ( lR) iihm~:. sanie da t a for. c1:1Gh s ex . 
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variance with repeated measures on day and time was also run on the 

comfort ratings. The F table from this analysis ic• presented in Table 

4. Again) no significant effects related to the expcri,mental conditions 

were found. A significant decrease in comfor t over time was found 

(F
4

)
48 

= 46.601, .E. = . 000000). This effect is graphed in Figur,e 2A. In 

addition , a significant interac t _ion between sex and tim.e was found 

{F 
4148 

= 6 .254, .E. = .0.004). This interaction is graphed in Figul;'.e 2B 

and shows that comfort rati11gs decreased more rapidly over tbe ses sion 

in females than in males. In addition> fen,1a)..es showed a different pattern 

of respons·e. Females showed their sharpest deer.ease in comfort over the 

first 15 minutes of the session and cbntinued to show a steady decrease 

in comfort to the end of the sess ion. Males, however, showed a slight 

decrease in comfort over the first 15 minutes , level ed o f fo'r the 

next 30 minutes, and sho,.1ed their largest decrease :i_n rhe last 15 minutes, 

The difference between the two groups by the end of the s'ession is small 

a_nd the steeper slope of the curve for males suggests that t he groups 

might have converged in a longer se8sion. 

Room Temperature Ratings 

Room temperature ratings were analyzed {n the same way as. comfort 

ratings. The F table from this. analysis is presen ted in Table 5 . The 

average of the room temperat.ure ratings fo1~ each day was shown to i ncreas .e 

significantly over days (F2 , 24 = 7 . 513, .E. = . 0029). Fi8ure 3 show~ that 

the greatest increase in ratin gs c ame from Duy l to Day 2 with a mu ch 

smaller increase froio Day 2 to Day 3. \~:f.t~hin da ys, however, the same 

pattern of results is foJJnd for r oom temperntu,re ratings as is found for 

comfort ra : ings (Figure 4) . Subjects rated the room ~l-S sign ific,:m tly 

colder over ti01e within a session (F 1 40 = 36.818, .r, -· .000000) (l?i sure 
4 ·' tJ 
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Table 4 

F Table for Subject~ve Comfort Ratings Analysis 

Source OF Mean F-Ratio Probability 
Square 

Subjects 17 

Sex 1 396 . 03 0 . 058 0.8138 

Condition 2 15180.05 2.311 0 . lL1-l6 

Sex x Condi tion 2 3041. 81 0.4.45 0 . 6507 

Error (Sex x Condition) 12 6828.95 

Day 2 510.45 0 . 4-86 0.6213 

Day x S'ex 2 2620 . 28 2.L~93 0 . 1039 

Day x Condition 4 510.60 0.486 0. 7 461. 

Day x Sex x Condition 4 862 . 76 0 . 821 0 . 5248 

Error (Day X sex K Condition) 24 1051.24 

Time 4 29121 . 65 46 .601 0 . 0000* 

Tii:ne x Sex 4. 3908'. 20 6 . 254 0. OOO t'.i~·-

Time X Condi ti-on 8 1103.53 1. 766 0 . 107 5 

Time x Sex x Condition 8 1004.28 1. 60 7 0 . 1478 

Error (Tirne ~ Sex x Condi tion) 48 624.91 

Pay x Time 8 93.43 0.3.89 0 . 9,: 42 

Day X Time x Sex 8 306 . 72 1.276 0. 2649 

b,ay x Time x Condition 16 205.91 0 . .857 0 . 6192 

D.ay x Time x Sex x Condition 16 136 . 48 0. 568 0 . 9005 

Error 
(Day X Time x Sex x Condition) 96 240.33 

* significant 
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Figure 2. Comfort rotin gs over time . (A) Top braph sbows r ating 
at be ginning of .session (I), end of Baseline I ( Bl)', mid\vay in 
conditionin., period (Cl), end of con_d{ tLoni n g period ( C2) , and 
end of Basel ine 11 ( 82). La r ger r a ting& re tlect ma r e disc rnnfort. 
Figure is aver.:l r; e for 311 s ubjects on a ll days·. (B) Bottom graph 
sllows same datn plotted for each s e · • 
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Table 5 

F Table for Room Temperature R~tings Analysi-s 

Source 

Sabjects 

Sex 

Condition 

Sex X Condition 

E r ro.r (Sex X Condi tion) 

Day 

Day X: Se_x 

Day X Condition 

Day X. Sex X. Condition 

Error (Day X S,qx X. Condition) 

Time 

Time x. Sex 

Time X Con.di ti·on 

Time X S.ex X Condition 

Err·ot ( Time X Sex ~ Condi t ioo ). 

Day x Time 

Day X Tim.e X Sex 

Day x Time X Condition 

Day x Time X Sex x Condition 

Err:or 
(Day x- Time X Sex :x: Corid i ti on:) 

* significant 

DF 

17 

1 

2 

2 

12 

2 

2 

4 

4 

24 

4 

4 

8 

8 

48 

8 

8 

16 
16 

96 

Mean 
Square 

9292 .80 

8323.94 

5935 . 30 

9:oso .·65 

83"53 .13 

2582.5$ 

1901.89 

270.24 

1111 ~85 

17912.53 

2737 .32 

76.9.82 

636.74 

480 .s2 

433 . _58 

2"86 .97 

219.22 

281.51 

324.68 

F-Rp.tio PrQbability 

1.023- 0 . 33.17 

0. 917 O. t,261 

·o .654 o~ 53 n 

7 .513 0.0029* 

2.323 0.11% 

l · •. 711 0 . 1805 

0.243 0:9110 

36 . 8 18 0 . 0000* 

S . 626 0 . 0008* 

1-.582 ·0.1552 

1.309 0 . 2.620 

1.3'35 0 . 2354 

0. 884 G. 53:31 

0. 675 Cl . $116 

0.867 0. 60 78 
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4A). As in comfort l"'atings, there was a significant time by sex inter­

action (F
4 48 

= 5.626, .E. = .0008) with males and females showing differ -, 
ent patterns of ratings over time (Figure 4.B). The patterns are very 

similar to those found in the case o f the comfort ratirtgs. 

Digital Dexterity Task 

The F table ftom a 2(sex) x 3(condition) x. 3(day) x 4{time) r e peated 

measures analysis of variance for scores on the dexterity task is 

presented in Table 6. A s ignificant inte_raction of day , tirn , sex:, and 

condition was found (F
12 72 

= 1.898, ~ . = . 0488) and is plott ed in Figure 

' 
5. .From this graph, no consistent pattern which reflects group differences 

or changes over days is seen for females . Males, however, shm,1ed a con­

sistent improvement over days . This i mprovement was gr eater f or the 

ContJ:ol a.nd Ins true tion groups than for the Feedback gr oup . tn addition, 

and, on two days (Day 1 and Day 3) 1 coincided with the end of the condi­

tioning period at C2. 

The sex differ ence across days .nentioned above is supported further 

by the significant day by sex interac.tion {F 
2 24 = 3 . 431, .E. = .0489). 

' 
This interaction i ·s plotted in Fi gure 6 . Pooling th~ bvQ sexes, the main 

effect £or days was also significant (F 2 , 24 == 7 . 259, .E. = . 0034) and is 

plotted in Figure 7. A least significant difference {LSD) test showed 

tha t only the difference between Da y 1 and Day 3 was significant (D < . 001). 

Figure 6 shows that most of the imp rovement: seen over days was d1:1 e to the 

consistent i mprovement of the male ~ubjects . 

The main effect for time ,~a s also sii;ni f:icant (F
3 

,3 6 = 4 . 932, 

.e. = . 0057) . The gi.-aph of this time eff ct (Fi gu r e 8 ) shows a decrement 

in perforr,1ancc over th~ first three trials and a slight improvement on 
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Table 6 

F Table for bigi t .al Dexterity Task Analysis 

Source DF Mean f-Ratio Probability 
Square 

Subjects 17 

Sex 1 3.63 0.207 0.6570 

Condition 2 9.04 0.516 0.6093 

Sex x Condition 2 29.09 1.661 0.2307 

Error (Sex x Condition) 12 17.51 

Day 2 15.29 7.259 0 . 0034* 

Day x Sex 2 7 .23 3. 431 0. 0489;!< 

Day .x Condition 4 1.15 o. sz.4_ 0 . 7050 

Day x Sex x Condition 4 1.79 0.849 0 . 5080 

Error (Day x Sex x Condition) 24 2 .11 

Time 3 6 . 50 4.932 0.0057* 

Time x Sex 3 2 . 93 2 . 220 0 . 1026 

Time X ConJition 6 0. 41 0.31.3 0 . 9262 

Time x Sex :x: Condition 6 0. 61 0 .460 0 . 8329 

Error (Time x Sex x Con.dition) 36 1..32 

Day X tt.i.me 6 0.38 0.570 0.7530 

Day x Time x Sex 6 1.02 1.517 0.1848 

Day X Time x Condition 12 1.19 L 768 0 . 0703 

Day x. T_ime x Sex x CQndition 12 1.28 1. 898 0. 0488* 

Error 
(Day x. Time x $.ex x Condition) 72 0.67 

* significant 
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the final trial. LSD tests on these points showed that this final increase 

was not significant (E_ > .05), altbough significant decrements were seen 

from trial 1 to trial 3 (£ < .001), and from trial 2 to tri al 3 (E_ < .025). 

Again, from Figure 5, it should be noted that this decrement on trial 3 

(C2) was most apparent in the Feedback males . 

Reasoning Test 

A 2(sex) x 3(con'dition) x. 3(day) x 2(time) repeated me~sures univar­

iate analysis of variance on the number of correct items for each trial 

showe·d no sign:i.ficant differences io. per fot"rnance within a session. The 

F table from this analysis is presented i n Table 7. A s i gnificant improve­

ment over days was found (F2 , 24 = 4,649, £ = .02). This result is graphed 

in Figura 9. As in the dexterity task, the improv ement from day to day 

was not significant (J2. > .OS) J but from Day 1 to Day 3, an LSD test was 

sighif:i.ca.nt at t~11:: .01 le.\Jo:::i. . 
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Ta;bl,e 7 

F Table for Reasoning Test Analysis 

Sou re~ OF Mean F-Ratio ProbabLli ty 
Square. 

Subjec·ts 17 

Sex 1 10. 7.0 0.095 0.7635 

C.ondition 2 15.08 0 .133 0.8763 

Sex x Condit.ion 2 282.56 2.501 0. 1237 

Error (Sex x Condition) 12 113. 00 

pay 2 106. 86 4.649 0.0197* 

Day X Sex: 2 26.73 1.163 O. 3296 

Day x Condition 4 17.74 0. 772 0.5544 

Day x Sex X Condition 4 24.55 1.068 0.3939 

Error (D,ay x Sex X Gonditi.oi:i) 2~~ 22.99 

Time l o·. s.o 0.075 0.7887 

Ti.me X Sex l L81 0.230 0 . 6401 

Timex Condition 2 16.90 z,1,42 (J,ibUl 

Time X Sex :x Cqndition 2 9.23 0.790 0.4761 

Error (Time X -Se~ X Condition) 12 7 .. 89 

Day x; Time 2 2.79 0.220 o. 039 

Day X 'J;ime. 'X Sex 2 .3. n 0.295 O. '7473 

Day X. Time X Condition 4 14.55 1.150 0 . 357.3 

Pay l( Time X Sex X Coi:1di t _i 01\ 4 4.94 0.390' 0,8134 

Error 
(Day X Time X Sex X Condition) 24 12 .65 

* significant 
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P·ost hoc Analyi:;i.s of Conditioning Effects 

Al though no signifi cant differences in dig ita l t emperature wer e 

found across the three e.>..--perimental gr oups, observati.. on of t he continu0us 

temp~rature records suggested group differenc es in the numbe r a nd magni ­

tude of short-term i ncreases which occurred during the conditioning 

period. These increases can be thought of as a. measure of the variability 

in the steady dat-mward cooling trend observed in the cold room. It i s 

possible that the experimental groups showed more v ariability , but tha t 

the changes we.re too trans itory to be reflected in a n overa:J.l analysis 

of temperature. 

It was further noted from a naly sis of the continuous records that 

most subjects .reached a point of equ i l ibrium before the end of the hou r ­

long sessions . Rat.e of cooling f r om thi s poin t was greatly d e celerated; 

small (.1°F (,-,.06 ° C)) f luctuatio1.1s were common ; an.cl i n s ome CA.SP.S 

rhythmical oscillations were noted . :Svch fluctuations may h ave b e en 

r eflecting the synchron y of volleys of i mpulses in the sympathe tic 

nervou" system at equilibrium as has been discussed by Burton (1972, 

p . 201 ·207) . Since the se increases seemed to reflect spontaneous 

oscillations of t he thermoregulatory system , it was dec ided t o l .ook only 

at increases occurring pr~or to equilibri um and determine if the groups 

were differentiated on the bas is o f the.sc ~arlier ;i.ncreases . 

Equi libriutn was defined as the. te11pe rc:iture 1 °·F higl e r thnn the final 

temperature for each sessien for each subject . The 5 -minute block during 

which this ten;iperature \,fas rcnched was noted and only increase.s which. 

0 0 
occurred prior t o that block and were gr eater t han .1 F (~.06 C) were 

i,nc luJ ed in the foll owing annlysis . 

Tables 8 and 9 list thi.:se equilibrium il'fl<l incr ase data for ma l e"~ 
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Table 8 

Criterion Increases During Conditioning Period for Hales 

Subject Day Equi libr:i.um 5-minute Magnitude of Start i ng 
Temperat:ure Block for Criterion Temperature 

Equilibriwn l .ncreases Of Increase 

FERDBACl< 

Fl 1 69 .6 B2 2 .3 70. l 
2 70.1 B2 1 none 
3 68.3 C 5 none 

F2 l 70.8 B2 1 none 
2 70 . 0 B2 1 • 2 70.1 
3 70.4 B2. 1 none 

F3 l 69.9 B2 l . 4 70 .1 
2 none .9 76 .7 

.2 77.4 

.7 77 .5 
• I+ 75 . 8 

3 71.0 B2. 1 • .8 72 .o 
INSTRUCTION 

11 1 67-. 7 C 5 none 
2 71. 7 C 2 nonl" 
3 68 . 0 C 6 .2 68.1 

12 1 none 14 . 7 77. 5 
.4 88 . 5 

2.3 88 .2 
.7 90.0 

2.0 89 . 2 
2 none 2 . 3 72.2 

.8 73.8 

. 6 ?ei.O 
3 none 3.3 84 .3 

4.4 87 .6 
2 . 0 92 . 0 

.2 94.0 

13 1 67.8 C 5 none 
2 68 . 1 C 6 .2 70.2 
3 68.6 B2 1 1.0 69 .7 

CON'l'ROL 

Cl 1 70.6 C 2 non e 
2 68 . 0 B2 2 1.0 83.5 
3 68 . 3 B2 2 none 

C2 l 70.2 Bl 2 none 
2 68.6 C 3 non e 
3 67.4 C 5 none 

C3 1 68.3 C 6 non 
2 70.4 C 6 none 
3 69.7 C 2 none 
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Table 9 

Criterion Increases During Conditioning Period for Females 

Su.bjec t Day Equilibrium 5-rninute Ma:gnitude of Starting 
T•ernperatu re Block for Criterion Temperature 

Equilibrium Increases Of Increase 

FEEDBACK 

F4 1 69.1 C 3 none 
2 68.7 B2 1 none 
3 66.6 C 5 .3 67 .9 

.3 67.0 

F5 1 70.6 B2 1 4.9 70.8 
2 68 . 3 B2 2 4.9 71.2 
3 66.4 C 5 .2 66. 7 

F6 1 68.6 B2 2 .3 69 . 9 
.5 69.2 

2 69.6 Bl 3 none 
3 68.0 C 3 non~ 

INSTRUCTION 

14 l 67 .1 C 6 . 3 71. 2 
2 66.2 )32 l • 2 66 .6 
') f 5 .1 E2 ') .2 c-i i - -

.3 66 .6 

. 4 66 .0 

15 1 67. 2 C 4 .2 6 7 . 4. 
2 66 . 4 C 3' nlDne 
3 66.0 C 6 none 

16 1 6.9 . 6 B2 l. non~ 
2 67.5 C 6 . 2 69 .i 
3' 67.2 C 6 none 

CONTROL 

04 1 66.5 C 3 .3 68. L~ 

2 64.0 B2 l none 
3 64.9 C 6 none 

cs 1 67.5 C 6 none 
2 66.4 C 5 none 
3 68.9 B2 2 none 

C6 1 68 . 8 C 5 none 
2 69 . 2 C 3 none 
3 68.2 C 5 twne 
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and females. respectively. This data is summarized in Table 10. It ca.n 

be •seen from Table 10 that all s.ubjects in both the Feedb.ack and Ins true-

tion groups showed criterion :(.ncreases, while only one male and one 

female in the Control group showed these increases. T-tests between 

the g;roups showed a significant difference between the Feedback and 

·control group s :i.n the number of criterion increase'S shown by each subject 

(t(lO) = 2. 7353, .E. < .OS). No significan t differences were found between 

th·e Feedbacl< an.d Instruction groups (t(lO) = -.6016, .e, ::> .0,$) or between 

the Instruction and Control groups (t(lO) =· 1.8574, .E. 7 .05). Although 

it appea.rs from Table 10 t hat the Instruction group had done better 

than the Feedback group in. t erms of criter ion increases, one subject (12) 

accounted for 12 of the 15 observed increases for males in the Ins tru.c tion 

group. This disproportionate total for one subject probably accounted 

for the lack of s i gnificance in the In.c;,truction group . 

Subject I2 was the only subject who showed any clea r ;:ind c-ons.istent 

evidence for an abili ty to raise hi$ digital $kin temperature and maintain 

it .at a high level throughout the conditioning period . This subjo~¢t 

sh:owed a · net increase in temperature over the cond:i.tio•ning perioc· in all 

three sessions. However, continuous temperature records for this• sub j ect 

show that on Day 1 and Day 3, 12 did not show the steep cooling curves 

durirtg the first baseline period that were shown by nearly all othe:r 

subjects I but :i,n fact showeq incro~ses in temperature during !:,his ,baseline. 

On these two days he sho\,;e d much larger net in.creases than he did on Day 

2 when he did show cooling during ·the firs:t: baseline. The,se res ults r .aise 

the qu·estion of whether t:he :increased temp er.rtur du.rin g the conditioning 

period for; this subj:e.c.t was the result of voluntary control or merely a 

reflection of this subject's norms'll re sponse to eqld. Only one other 
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subject (Cl) showed no steep cooling and actua l in_creases during the 

first b ase l;i.ne. I2 and Cl had highe r weights for their heights tha n any 

of the .other s ubjects ( Tab le 1), which t>"ould suggest that the:y had more 

tissue i nsulat ion than any other subj ects. Tbis extra insLilation probab ly 

accounted f or their temperatures being maintained at a high l eve l for a 

long~r p eri od of time. than other subjects. The digital skin t emper a tures 

for these two subjects over .each session are p l o tt ed in F i gur e 10. 

While the pattern of cool ing is sirnilar for t hese t wo subjects during 

both initial and f inal b-as elines , it is very d i fferen t during t he 

conditioning period. I n addition, the curves for I2 during t he condi ti on ­

ing period a r e very different from t he curves during the t wo baseline 

periods on e.ach day . These di ffer enc es support the idea that 12 was 

able to voluntarily increase and mainta i n his t emperature fore. spec ifi e d 

period of time . J.t is interesting to c mpare I2 1 s performance on tbe 

three days. On Day 1 there was v ery l ittle coo ling duriug the initia l 

base line period and some variabili ty in the curve , A l ar 0 e conditioning 

increas.' occurred on this day . On Day 2, there was no variability i n the 

initial baseline record and a l arge drop in t emperature occurred b efore 

cond i ti,oning. While the sub j ect still showed a n inc r eas.e for this day 

during conditioni1 g, i t was of much smal l e r magni t ude tban on Day 1. On 

Day 3, more va r iabi l.i t:;r i n the initial baseline oc curred than i n Day l 

and the subject began the cond i tion ing period at a much high e r level . On 

this day he was able to maintain an even hi gher level throu
0

hout the con­

d1tionirr.g period . These resu lts sugg~st a r ela tionsbip between th.e amount 

o f v a ri a bility i n digital skin temper a tlll:c , temperat.ui:e at the beginning 

of c ondit ioning, and th ability to increase and maintain one ' s inger 

temper atur.e . 
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Discussion 

Voluntary Control of Digital Skin Temperature 
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Although oo significant difterences in digital sk,in temperature were 

observed in this st;:udy as a result of attempts a t voluntary control , the 

results suggest that it is possible for individuals to voluntaril y increase 

the variab{lity in digital skin t emperature ev en thou gh workin_g against 

an ongoing environmental cons traint. The data also suggest that external 

visual and auditory feedback aid and enhance an indi vidual I s efforts at 

voluntary control. Wh:Lle. no significant differences in the number of 

increases occurred between the Feedback and Instruction group, the 

Feedback group l1ad significantly more increases than the Conti;ol g roup 

while the Instruction group did not. In general , subjects with ext -•rnal 

feedback were able to show more t emperature increases than subjects who 

only concentrated on :warming their bands. 

Even though a ll of the subjects in the Feedback group and In.struction 

group were' able to show short-term increases in their digital skin temper­

ature, they general l y were not able to sustain these increases . Jn 

addition, many of the observed increas~s- occurred late in the con,ition­

ing period when temperatures were very near to equilibrium 1.evels. Since 

several ;i,nvestigators have reported th.at peop l.e can le.arn to voluntarily 

increase digital skin temi:erature i.n a thel,"moneutral environment 

(Wick.r.runaskera, 1973; Saq;ent et al., 1973; a nd Roberts et al.,. 197 L1 ), 

it appear s t~1at the stress inv o lved in colc.l exposure 1n;:iy be inhH it ing 

long- term increas es in tewpera ture. The data of s ubjec · I2 su1;g s ts that 

th i.s s tress ma y be ov ercome if conditioning b eg.ins ( a) while tbcre L still 

variability in the cooling curve , i:md (b) whUe digital tcrnp e r.1turc is 

still r lat ively high . The variabili ty in. t.he cooling curve! woultl insur, 
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the· occurrence -of a response which could then be reinforced by the feed­

back. This. factor alone, however, must not account for all the variance. 

since subjects in the Feedback and Instruction groups were often able 

to increase: the variability in the cooling curve, but still could not 

maintain a higher d:lgital skin temp e rature. On botb occasions when 12 

was able to produce large increases and mairtta:in them, hi.s increases 

started from a higher temperature t han was found for any other subjects 

in the Feedback and Instruction g roups . On the one day when his temrera­

ture had dropped to a level comparable to other subjects in the experi­

mental groups, he did not show as large a magnitude of incre,:tse, al though 

be was able to maintain th.e increase until the end of the conditioning 

period . The day with initial cool ing also occurred afte r a day i;;m which 

he bad been successful in producing a la:rge increa se: and main taining it 

ove.,.. the entire period , w'hich rnay hc:ve given h-im ~n adclitj_cn.:1l .qdi:rantage 

over subjects who had only shown trans itory increa ses . While 12 had not 

r eceived continuous external feedback) the possibility is not rul ed out 

tha t he was recei ving int~rna l feedback such as fee ling a finge ~ pulse 

or a s ens a tion of warmth f rom his hands . In addition, he was she m his 

results at the e nd of each session. This would res ult in reir1forcing an 

overall pattern of r esponse from the first session, and as such should 

h ave. bee n a 1:oore. pci\,1e r f ul rei .nfdrcer than the re i n forcemen t of ;i.sol a t e d 

responses wh.ic;h other s1J..bjccts would have r e.c eived.. Since 12 did report· 

us i n g the same stra t egy on Day 2 as h e had on Day 1, the previously 

r e in forced pa ttern of response cou ld ~ecount for h is abil i t y to sustain 

an increas e ftbrn a l evel which inhibited other sub_iects . 



Relationship of Digital Skin Temperature to 
Comfor t and T~~perature Sensations 
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Since no significant differences in digital skin temperature as a 

result of experimental manipulation were observed, the basic. hypothes es 

of this study could not be tested. Without a group who had increased 

their digital skiQ temperature in the cold, no st.atements can be made 

about the effect <:if increasing digital temperature: in the cold on sub­

jective comfort, temperature ser;isation , or performance of t asks . 

However, some of the co,rrelational data from this study should be 

discussed in terms of support it offers for the origina l proposal that 

increasing digital skin t empe rature in the cold would result in increased 

ratings of comfort and temper ature sensation. Gagge et al. (1967) 

reported a good correlation ·between comfortJ temp erature s .ensat·ion, and 

mean skin tempetatur,e durtng cold exposure . By comparing the top graphs 

also seems to be a good predictor of comfort and temperature sensation . 

Sim~e no other temperature measures were taken in. th is study, no state-

rnents c an be made a.bout possible interactive effects of tempetat1.Jre.s 

from other skin sites or internal temperatures on comfort and temp e rature 

sensatibn . But the predictive quality of digital skin temperature is 

further supported by noting the sex ditferenc~ in the cooling curve s in 

the bottom graph of Figu:re 1 and comparing this with the s e..'C differences 

in comfort and temperature sensatio1l ratings shown in tbe bot tom graphs 

of Figures 2 and 4 . Although this se.· difference in cooling was not 

experimentally manipulated, the corresponding corr•lations in comf ort 

and t empcra tu1.· e ratings offot· further support to the hypothcs,· s that 

incre,asing di gital ski.n t rnpcrat1,1rc in the c.o lcl shoulJ l ead to higher 



52 

coi:nfort. and temperature sensation ratings. 

The sex differences in comfort and temperature sensa tions f ound in 

this study are of particular interest in and of the£11selves. Only one 

previous study of comfort and temperature sensations has looked at the 

effects of cooling on these variables in women. DuBois et al. (1952) 

found females to have a relatively wider neutral zone than men when 

re.1-ating mean skin temperature to comfort an.d t emperature sensati.ons . 

Comparing DuBois et al. 1 s d a ta for women with similar data for men fto;n 

Gagge et al. (1 967) , no app. a:rent diffo1;ences are seen eith.er in width of 

the neutral zone or level of comfort and temperature sensations for a 

given TS . Since DuBois e.t al. 1 s data were based on ratings made after 

2~ to 3~ h0urs of e~:posure to different ambient temperatures, no di r e ct 

comp,aris.ons can be made with the present study ,~here: r ~tin gs we.re made 

throughout exposure to a single. ambient temperature:. However, the .data 

from this study do sugges t .similar relationships for the t wo sexes .betw.een 

comfort and temper a ture sensations and digital skin temperature . F i gures 

11 and 12 show digital temperatures plotted against temperature sensation 

ratingr for females and males respect_ively, These scatter plots show 

similar relationships between tempe-rature perceptions and digital skin 

temperature for the two sexes. Females gave a higher percentage o f ratings 

above 10 (reflecting colder perceptions), but also show.~d lower digital 

skin tcmperat;u'.t'e_s at the time of the ratings. Due to the more rapid 

coolin g ;in femal es th.an in males (Figure lB), v ery few ratings we.1,-e 

made by Eemnles a t di g ital skin temperatures b etween 72°P ( 22.2°c) and 

77°F ( 2-5°C), .a t emperature rang" which was quite common for ron les during 

ratings. 11lis Jnta s u ggest s that the observed seK differences i n 

p1.n·ception ol: c omfort ancl t 0111petutu1~e arc based in different phys iol ogi_ ~ 
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cal reactions to the same ambient temperature . 

Digital Dexterity Task 

As in comfort and temperature s .ensation ratings, the hypothesis that 

dexterity would improve if digital temperature was raised could not be 

tested . Although a s::i. gnificant practice effect was found over days, 

within a session the test was still sensitive to effects of eold exp osL~ e . 

Rowever, since no significant decrement was seen u nti l the end of the 

conditioning perio.d , it s .e·e ms that at least 45 minutes of cooling was 

necessary to s how a decrement. The r esponse of t he males i.n the Feed­

back group is of par ticular interest. Even th ough males sl10wed signif­

icantly more improvement across days than did fema l es , the males in the 

Feedback group showed very little improvement across days. In addition, 

t hey showed the greatest decrement within a session. This decrement 

c.oinci.ded with the, end <Yf tl1 e condi ti0ning periml 2nd .sugee.s ts th::it 

some aspect of the feedback trai.ning was: actually int e rfering i •1i th 

performance of the task in thes e subjects . 

Mental Reasoning Task Performance 

The significant practice effec t observed over: days for the reasoning 

test was a surp1·ising f inding . The t ~st is repor t ed to have a 11 r e.:ison­

ably small" practice effect by Baddeley (1968). Baddeley , h owever, 

bases this assumption on data ob tained from admini s tering the test 5 

times in a 1-hour peri.od, while h ere the practice effect c.Jme out over 

days. Although h e reports a reliability corre l ation 0£ . 8 be·tween 

performanc0 over dr~ys ) this giv es no information .tbout 11 practice effect. 

This data is also reported for only 2 s uccess ive days . A signif;icant 

i rnp i·ovem '11: was not found between two s uccessive days in th e present 
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study, but the trend of higher scores on each successive day over the 

th:re,e day period did show significant practice effe·cts from. Day l to 

Day 3. Unfortunately, the ability to generalize from the present study 

to Baddeley's data is limited by the fact that 0~ly one-third of the 

original test was administered, The data do suggest, b0wever, that 

performance on this test is not as stable .as Baddeley implies. 

The lack of ti. significant decrement as a result of cold expos·ure 

can not be adequ·ately interpreted from this study . It is possible that 

the entire test is required to produce sensitivity to cold e:>,.7=>.osure, or 

the reliability reported by Baddeley. It is also possible tha t a practice 

effect within the sess ion masked aP.y decrement which might have· occurred 

as a result of the cold. And ) finally, the test itself may not be sensi­

tive to eff;ects of cold exposure . Further t es ts ate necessary to 

ciete1711i.ne the extent of the pra:c.tice effect and whether or n,.,t the. tes·t 

is sensitive to effects of co l d exposure . 
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E Xl? E RUlE NT Il 

In ro·d1..1ction 

a hrief follow-1.tp study was desi gned in an attempt to clarify the 

r-esu.l ts of II,<peri.meilt I a:n.d C-~st some. of t:he impli.cadons of t:he con­

clusions drawn from that study. Clianges. in .the orig.ir;ial design were 

introduc:G!d in order tQ imp-rove t1ie. e>qieri.men ·al (:;Qndltions ~nd clari f.y 

some procedural and theoretical questions raised by tbe first study. A 

cold room was· used :whic-h ·could maintai a constapt low t:emperq_ture and 

the!:eby eliminate. the temperature os.ctllation and araft ~hi~·h .occlilrred 

in E~erimcrnt I. A subjects-as-ow-n-contToLs design was used to elimi,nate 

the. proh.lerr\s enc01mtet;ed io E'xpet"i'me.nt I when comparing s.ubJec'ts who 

cooled at different rates i different groups or ev.aluati.ng a subject's 

perfort:nance dm:iug eondi.ti oning against: a b.aseline whe):'e n.o cooli11g 

had occurred. Only su ject:s wh • h_au parJi.ciriated :in tbe fit:st s ucly weir!:! 

a.ddition, the initi.al base.line period wils shor'te.ne·d in au attempt to 

give. feedback to .subjects before they be..g.an to cool rapidly. l'his wa6 

done to allow for bo.th mo'te variability and hiig_her digit.al. ·tempe.ra ut·e.s 

at the begi'nning of the fe..e. back per- iod. lfot\1 of t:1-e.se. variables we:.re 

d ted in Exparime.nt ! as being 0£ possible importanc e f.or s.us tuined 

terr1pe:r:.:lture incre.:.se.s. The explorat-ory nature of tlili.s s tudy ~ togeth r 

wi tl constr.:1i 1.ti: imposed by scheduJ..i_ng demands on th cr.,ld room and the 

restr;i.ct.ion ct: subjects t'.o those: nrn in l~xpt•rim nt I> rne..::n1t that only a 

small o!.lmb ·r o: s,ubjec.ts co ld be 'run ov()r a mini.m.::t.1 n.umb.zr o session. • 

for.th r modified so. :rs to inc udi;? onJ.y 

f e<lb.:1ck and contl;'oI coudi t: i.ous. 
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Method 

Subjects, Subjects were five males from Experim.ent I and one female 

(the experimenter). In Expetime-nt I , t h r e.e of the 111ales in the present 

study had been in the Feedback group I on.e in the Contr ol group a nd one 

in the I nstr uction group . The subject from the Instruction 6 roup was the 

subject who had shown ten)pcrature inc_reases durin:g condition i ng periods 

on all t hree sessions of Experiment L 1\.lo sub jects had to b t:l dropped 

from the analysis due t o illness on the s-econd day of running . Only 

the results from the remaining four subjects (all male, two fr,om the 

original Feedback group , one from the Contrbl group, and one from the 

Instruction g~oup) ~ill be repotted hare . 

Apparatus . The experimental chamber for thi s study was a 6 ' x 10 1 cold 

0 0 
r oom . Temper ature ,.ias maintained at 53 . 6 F (12 C) with a gr.adual 

im::rease to 5.5,4°F (J.3°C) by t he. e, d of Bi sessi on due t,:i additicnu.l heat 

fro,m subjec t and experimenter. This room eliminated the draft and 

rhythmical t emperatuxe fluctuations of Expe_riment I, but a.l so n.ecessi­

tate d lowering the experimental TA d 1e to limitations of the compressor . 

All other apparatus i s the same as tescribed in Experiment I. 

P-r;-ocedure. To compensat-e for the lower temperature , subjects wer e. clothed 

in <lenim pants, a long-.sLeeved c otton shirt , a long- slee ved flannel shirt, 

shoes) and socks for this experiment (insulative. v.alue /V 1 clo (Belding , 

1968)). According to Belding, J . 2l clo ~wuld be required to maintain 

0 0 . 
comfort at 53 F (ll.7 C) , while only 2 . 31 clo w uld be required t o main-

tain comfort at o4°F (17 .s0 c) ( TA for E:iq)er:i..incnt I). The insulati.ve value 

of clothin in E-xperiment I wa!': rv O clo , thert:for. c subjects in both 

experiment"l we.re und rclotl10d \vi·th r spcct to comfort by approxim tely 
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2 clo. 

Before entering the cold room, subjects were asked to sit quietly 

in a warm anter'o.om for 15 minutes to equalize the effects of p r evious TA 

for all subjects. puring this time, a thermistor was attached in the same 

location as previously employed in Exp e riment I, The thermistor wa;s 

insulated from room air by a piece of absorbent c·otton. Subj ects then 

comp l e t ed the digi tal dexterity task. and the reasoning task b efnr e 

entering the cold roorn . This was done so tha t performance in the cold 

could be compared with performance at ndrma l temperatute, and also so 

that the shortened baseline per~od in the cold room would be uncomplicated 

by confounding effects of p-erforming the tasks. 

Each subject was run for two sessions on cons ecutive days, one 

und e r Feedback conditions and one unde-r Cont1~ol conditi ons , The. order 

o[ the conditions was cou nterbal anced for the six orig inal sub jects . 

Since the two subjects who were ex.eluded f rom the ana lysis were run in 

the same order, their exclusion r esulted in an incompletely counterj)al­

anced cesign. three of the remaining four subjects were run in th e :Feed ­

back c mdition first, and only one in the Control condition first . 

In the Fe~dback session, subjects were seated in the cold room an<l 

t emperature recording was begun. Subjects ~:,,er,e asked to complete the 

same roting sc~les for comfort and room temperature as in Experiment I . 

They t hen i:ead f6r the remainder of a 5-minute baseline period . At the 

end of t his pario<l, a nother set of ratings was compLeted ,c1nd i:l JO-minute 

conditioning period began . ·rhe s ame ins truct ions and apparatU's as in 

Exr>eriment l \vCr~ used . Another set of r ating,. \vere take n 15 minutes 

into thi~ period and again at the end o i; this period. Subjects th('n 
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completed another dexterity task and anothe r reasoning t ask g_nd aga'in 

read for the remainder o.f a 5-minute period while final bas.eline temper­

atures were recorded. At the end of the 40-minute session another se t 

of ratings were made. 

In the Control session, subjects followed the same procedute for 

tes ts anp ratings, but continued to r ead duriJlg the 30-minute equivalent 

t o, the conditioning period , This gave baselin e data ov er an e quivalent 

length of time (40 minutes) to the Feedba ck session for each subj ect . 

Tbe c omplete design is outlined in T'able 11. 
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Results 

Figures 13, 15 , and 17 present the results for digital temperature , 

subjective comfort ratil"lgs, and room t emperature ra tings resp-ectively. 

Th ese figures show the averaged data for all subjects on these measures . 

Figures 14, 16 t and 18, prese·nt the correspondin g data for individual 

subjects. It can be seen from thes e figures that by the end of the 

conditioning period there was no overla p for the two sessions on ao.y of 

thes e variables. Fol: this reason statistical ana lyses were not requir.ed 

for thes e variabl ~s . Results will be discussed with reference to graphs 

and performance of individual subje<':.ts. Given the smal 1 numbe r of s ub­

jects, i t is felt that graphic repres en t at ions o f each subj e ct ' s data 

rires e nt a c1earer picture than do summary statistics. 

Digital Skin Ternp~rature 

Figure 13 presents cl,e Jigit.31 s}::in tempe.ra t.m·e results uver~ged 

across the four subjects in this study for each session. Score s are 

plotted in 5-minute intervals for each session, with the firs t s core 

b•eing , he ini tial temp e rature ( I), the second the temp e rature a t the 

end of the first baseline (Bl), the ne x t six from the conditi oning period 

(C), and the fina l score from the end of the l as t baseline ( B2) . l'oi_uts 

a t I ., Bl, Cl, C2 , a nd B2 c orrespond t o the ti(nes when ra,t i n g sc<l l e-s were 

compl e t ed durin g each peri od . Resul ts f or i.ndivirlual subj ect s a r e g iven 

in F i gure 14. 1-l eavy bla ck dots denote read ings at 5.-11inute intervals . 

Any inf l e c ion poin ts in tbe t crnpera tur => curve · which oc-cutre d bctwc.en 

these intervals n.re a l so noted. 

No t e in Figure 13 th a t not only vere t empe ratures consistently 

higher ncl more s t able: during conditi onin g £or tho Feedback sess ion, tut 
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a large decrease was shown immediately after conditioning, The dl:!crease 

in this fin_al baseline in Feedback sessions w.as greater than a ny other 

decrease for a 5-minute period for either session . Although it appears 

from this graph that subjects had lower initial temperatures f or tbe 

Control session than for the .Feedback session, it can be seen from 

Figure 14 that this was. du.e to an extremely low temperature for Subject 

1 for the Control session . Initial temperatuxes for t he other three 

subjects were comp!lrable on the two days . 

Figure 14 shows that on ly one subject (Subj ec t 4
1

) showed any over­

lap of temp~ratures du-ring the conditioning pe r iod over the two days. 

This subject did not show evidence of cooling in his Control session 

until 25 minutes: into the session . No further incr eases were shown by 

hi m after that time. In his Feeclbac)< session , however , he sh owed an 

ioc~ease from that point to the end of the conditioning period, For 

this subject and all other subjects t.he l a r ges ·t do:crease for a 5-minute 

period was seen in t:he final baseline period of the Feedback sess ion, 

indicating a 1~eversal in trend tin1e- locked to the change from conclition­

ing to baseline.. In add,i tion, no subject showed increas·es in tbe Con t rol 

session which were equal in magnitude t o his i n creases in the Feedback 

session . 

Regarding Subject 1, it should be noted that al t hou gh he began the 

C.onLrol ses s ion at a much lo\ er level than tbe Feedback session, his 

curve for th Q Feedback session wa s not only highe~ but ghowcd increases 

11ot shown on chc Control session. Moreov.er I like the other ,subjects , 

1 Subject 12 . rorn Exper iment 1. 
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Subject 1 showed his greatest decrease for a 5-minute p e riod immediately 

following conditioning. This indicates that the observed difference for 

t l'le two days was due to more than a difference in leve l. 

Only t wc;> subj'ects (Subjects 3 and 4) showed variability in t hei r 

tcrnperatures during t he: i nitial 5- minute baseline, but a ll four subjects 

began the conditioning pe1:-iod with temperatures greater than 85°F (29.L~
0
c) . 

This leve l was com,iderab ly higher than tempera tu-res at the begin-ning 

of condi tioning ii1 Expex-iment I (wi th the exception o.f subject 12). 

Although the design \vas not c;:ompletely c ounterba lanced after t he 

elimination of two of th.:e: original subjects, an accHmation effect does 

not af1pear to be biasing the. results . Subjects 1., 2, and 4-were run with 

the Feedback session :Hrs t and sti ll showed a greater degree of cooling 

on the second day, or- Con tr.al session. No systematic difference.s were 

apparent between these subjects ,md Subject J \•?lo t,,as un wj th the Control 

session first: 

The g reatest differe1ices between F•eed back and Control days were 

observ ed in Subjects 1 and 3. Botb :)f these subjects had been in t he 

Feedback g roup of Experiment I. Hot ever, since Subject 1 1 s initia l Con­

trol t emperature w2.s so mu.ch l ,ower than his initial Feedback temperature .,_ 

there is no strong basis for drawing any conclusions a bou t a practice 

effect of previous feedbac'k training from only the se two subjec t s . 

Subj ect i v e C_omfor t Ratings 

Figure 15 shows the grnph of subjectiv e cornfort r at ings aver.ag-c.d Gver 

the f our subjects , Comfbrt ratings during tha c onditioning p e riod were 

higher and mo:rc .table for the f eedback session th an for the Contrul 

session , bJt with term'n.::i.t.i on o f c ondi t i.oning , corn ott ratings on. Che 
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Feedback session fell to a level comparable to the Control level fot 

th:e same time . 

The trends for individual subjects arc shown in Figure 16. All 

subjects showed greater comfoi:t ratings at the end of the conditioning 

period (C2) in the Feedback session than in the Control session . Two 

of the subjects (2 and l~) reported being more comfortable afcer condi­

tioning than at any other time on either day . Two of the four subjects 

(2 and 3) al.so showed clearly greater comfor't ratings halfway through 

the conditioning period (Cl). in the Feedback session than at the equiva­

lent time in the Control session. Subjects 1 and 4 gave comparable 

ratings at Cl f or both sessions. 

The averaged data for comfort ratings and d i .gital temperature 

(Figures. 13 and 15) show a very strong relationship between digital 

t emper.atnre and comfort . tn particuLar, it should be noted that t11e 

greatest decrease in comfort for a 5 -minute interval occun:ed at. B2 in 

the Feedback session , which coincided. with the greatest 5- rnin_ute decreas.e 

in digital temperature, and again, was time-locked to the end of the 

cond,itioning period. In addition, f-t1e sligh t increase in cotnf.ol;"t 

which occurred at C2 in the Feedback session coincided with the slight 

increase in temperature at C2 in the same session. Data for individual 

subjects (Fi gu:z;-es 14 and 16) support the relationship of di g ital temper­

ature to comfort, al tboug.11 the minute by rninute chan ges \yer:e not as 

highly correlated as suggested by tbe. averar,es . 

Room Temperature .Rati n gs 

Figure 17 presents th~ datn for room temperature ri'lting s aver~ged 

across th ·• four subjects . Compa ri:ng Fi 0 ure s 13, 15, a:nd 17, a g 0od 
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correlation ccin be seen between digital temperature, comfor t ratings , and 

tempera ture sensation. Subjects rated the room as warmer in the Feedback 

session than in the Cont rol session. Againr the greatest i ncrease in 

~old sensation coincided with the greatest decrease in comfort and 

greatest decrease in digital temperatur e at B2 in the Feedbaek session, 

a gain time - locl<e<l wi.th the end of the conditioning period . And , again , 

a slight decrease in co,ld sensation at C2 in the same session coincided 

with increased comjort and digital t emperature at th.e same time . 

The pattern of response for each subject is shown in Figure 18 , 

A~ain , all subjects showed warmer ratings at t he end of the condi tioning 

period (C2) for the Feedback session than £.or the Control session. Once 

again, although a good correlation existed between room ternp.erature 

ratings and both digital temperature and comfort ratings, tlris correla­

tion was not as hi gh for individual subjects (Fir;t,1.re,s 14, 16, and 1'8) as 

is suggeste.d by compari.ng the averages (Fi gures 13 , 15, and 17) . 

Digital Dexterity Task 

A 2(c0ndition) x 2(time) repeated measures analysis of varia1ce 

was done on scor s for t he dexterity task. The F t able for this .malysis 

is presented in Tabl e 12. The only signifi.cant effect was a main effect 

for c Qnditions . There was a significan t difference in p.crform:mce on the 

two condi. tions Hi th highet s .c:ores in the Control sessi.on th;:1n i n the 

Feedb ck se.ssion. Ct\ 
3 

= 13 . 364 , .E. = ,035). These tesu1ts /Jre graph e d 
' 

in Fi .urc 19 . 

Since , \vith the in 0111pl te counterba:lancing , co11ditions and practice 

~ffects· \.Jere confounded, it is useful to examine th@ i ndividual r e~u lt s 

und erlyini-; th is I'i1ain eff~c t. The d"tn fo;r :lndividua l subj cts· i s 
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Table 12 

F Table for Digital Dexterity Task Analysis, E>..rperiment Il 

Source 

Subjects 

Conditions 

Etror (Subjects/Conditions) 

Time 

Error (Subject::s./Time) 

Condit i ·ons x Time 

EtT6r (Subjects/Condition X Time) 

* signifieant 

DF 

3 

1 

3 

1 

3 

l 

3 

Mean 
Square 

3,06 

0 . 23 

3.06 

0.56 

0 . 06 

0 , 23 

F-Ratio frobability 

13 . 364 0 . 0354""· 

5.444 0 . 1018 

0 . 273 0.6376 
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presente d in Figure 20. It should be noted that only one subject, 

Subject 3> did not have a higher score .on the task for his first trial 

in the Coi;i trol sess ion. Thi s was the subject who was run in the opposite 

orde r from the rest of the subjects . This subject did his Control 

session f irst while the others had done their Feedback session fi r s t. 

His score on the task was the same on the initia l trial on both days. 

This score. was also the highes t score on the t ask for all subjects . In 

light of this , i t is possible that th e higher average scores on the 

base l ine day were thB result of a practi ce effect fot Subjec ts 1. 2, and 

4. I f t his is the case, Subject 3 may have reached a pl a t eau and ther e ­

fore not shown a practic·e effect for t his r eason. 

No cl0ar trends are s uggested by this data with r e gard to cold 

ciecrern,ent ,rnd the effec t ,of conditioning . It s hould be r;ioted that despite 

the s 'aGB-Stion of ~ rac;tice effects aero s. Sf'SRion.c::, 11t,· .c::111Jject showed 

i n.creases in performanc e within a session and sub j ects showed a d~crement 

in performance in 5 out of 8 sessions . It is also interesting to not 

that three of the four subjec t s (Sul-Jee.ts 2, 3 , and 4) showed a decremen t 

in performance on the Fe.edback sess · on even thou.gh two of these subjects 

(Subjects 2 ancl 3) showed no decternent on the Control sess ion . 

Reas oni.ng Test 

A 2(contliti on) x 2 (tim ) repeated measures analysis of variance 

was done on s cores from the reasoning test . The F t able from thi ~ 

an.:rl si s is pres ~rct. eci in T.:ibl ~ 13 . On ly a significant main c.ffcc: · for 

time ,-1ns famnd with s ubjects showing hir,her scores for the s cond t e st 

in each session (l\ 
3 

= 12 , 000 , I: "" .04.1). 'l'his result is gr nphed ill 
l 

Figure 21. Figure 22 presents t'.hc dat for indivtdu i:l l subj cts , No 
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Table 13 

F T4ble for Reasoning Test Analysis, Expe.rinien t II 

Source DF Mean F'-·Ratio Probability 
Square 

Subjects 3 

Conditions 1 4 . 00 1.333 0 . 3318 

Error (Subj ects /Conditions ) 3 3.00 

Time 1 4.00 12 . 000 0 . 0405"" 

Error 3 0 .33 

Conditions X Time 1 1 . 00 Q.500 0.5305 

Error (Subjects/Condition x Time)J 2.00 

* significant 
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clear differences existed between performance on the two days, but 

averaging the scores for the two days tog~ther for each subject, all 

subj ects showed improvement on the sec.and administration of the test 

within a session . 
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Discussion 

Digital Skin Temperattire 

The consis t e nt pattern o f results across all four subjec t s in th i s 

study <::l early s.hows that i t is p ossible to exercise v olunta:ry control 

over digital t emp eratures in a cold environme n t. Duri11g the Feedb ack 

s e ssions, subj ects maintained relatively h igh tempe r atures throu ghout 

most or all of the 30- minute cond i tioning period . In contrast, an 

four subjects shov1ed steady decreases over at leas t the l as t hal E of 

.the c onditioning. period in Con ttol sessions , wi. th three o f t he .four 

s howing steady declines f or the en tire period . In addition , al l sub j e cts 

showed 1-atge decreas.e s immediately following the con.dit:ioning period in 

t he Feedback session . 

It was suggested in Experiment I that in order for l a r ge a nd 

sustained i -:r.e& ~s t.n occur as t . e res ul t of fe<>dback, di.g i tal tP-mper-

ature at the beginning of t he f eedback peri od mus t b e b ot h high and 

v ar i ab l e . The presen t study sugges ts that the hi gh ini t ia l t emper.2ture 

is t.he c ritical f actor . While al l subje c ts demonstrated high t em·1era­

tures at t hP. onse t of the condi ti on ing p er iod, only t wo of the fen· 

showed variabil:i.ty in t heir temperatur.es rrior to t his time . All subjects 

sh ow ct feed' a.ck effectfi , howev er, and there ,,~as n o di ffer ence in the 

m.:ignitudt: of this effec t between subj ects with er with ou t variab.i,lity . 

Of c ourse ; the poflsihility c annot b e absolu te ly n,.1l ed out frorn th se dat'a 

_th a t some spontanocus v nrL.1.bi lity occurr ed in some or all sub j cc t s durin g 

the condi t ioning per;i,od itself , b ut the data from the Control s,~s Lens 

off r little support for posi t i~g variabi lity as a ~ece-sary fnctor . 



82 

Rating Sca l es 

Subjective c omfort ratings and r atings o f ro:om temper atu re coin­

cided very well with changes i n digital temperature, esµecia l ly if 

averaged data is considered . Subjects gave h igher comfor t ratings a,nd 

warm~r room temperature ratings in Feedback sessions than in Control 

sessions . Moreover·, in feedback sessi ons, the termination of t he 

conditioning period was followed by a sharp drop in both comfort and 

temperature -ratings coincidental with the decline. in di g i tul temperaLure 

at t11is same time. There are a t leas t three possible explanations £or 

this phenomenon . First, it is possible that the concentration i nvolv.ed 

in voluntarily controll1ng digital t~~erature dec r eased the subjcctsr 

sensiti,vity to or awareness of the cold on tbose days . Second, it is 

possible that subjects expected to feel warmer if t bey were increasing 

th~ir finger temperatures, and since fee dba ck showed the~1 they we r e 

successful , they then felt warmer . The third explanation is that 

digit.al terripernture changes in the11S'e.lves were instrumental in cban ing 

,comfort and t emperature sens·at:Lons. Th.is third explanation is consistent 

with the high c0rrelations reported ... n E:xper:im nt I bet\11e.cn digital 

temperature, comfort ratings , and room t emperature ratinijS in both men 

and '-"omen in all groups , even tho\.lgh the cooling curves wei:-e different 

for each sex . It is self evid ent th~t since those effects were unre lated 

to feedback ffeets, tho_se cor-r elnticm i:; c-ould not have beQ1l a ccounted for 

in tc~rnis oI a concentration or e ·cpec tancy factor . 

Tas4: Per[ormancc 

Contrary to prediction, improvement in t ask performance Jue to 

increa.,e.d -l iJ?,it 1 temp rutures and comf,;,rt W<.1s not found. Practice ef[.l.!cts 
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apparent in bo_th tasks used in this study (lending support to findings 

of Experiµient I), plus the incomplete counterbalancing make it difficult 

to assess the effects of tr eat~ents . It is interest ing to no t e that on 

the dexterity task three S\:lbjects showed a decrem~n t in performance in 

the Feedback session even though two of them had shown no decn~ment in 

the Control session. Since a ll subjects in t his study were males. this 

supports the finding from Ex--periment I that feedb ac k train j_ng was actu.ally 

interferi11g with performance on tbe task. All subjects in E:-:peri111ent II 

reported th.at t;he coudi tioning period had required intense concentration 

and was vety tiring. It is possible that these two factors actually 

resulted in lm,1e-ring perfor mance on the task since it was a.dmi.niste red 

immediately after condi tioning , Although the trefid toward a decrem~nt 

in performance withi~ sessions was not statistica l ly significant in this 

study , it shou ld b-e ren:f:mbc: ·cd th:~t tb E' second t l"-:st ,-.n~ _givl"n ~fter 

35 minutes of exposure. In Experiment I, no significant decrement in 

performance occurred unti 1 45 i:nioutes of e ::-q:>osure. Further studies 

should b e done ~ith a more stable and sensitive tes t to det ermi ne if 

there is a stablQ decrement in perform, nee related to condi ti nin _; , an.d 

if this de.creme,nt is on ly seen for males as suggested by Experiment l , 

If conditioning requires s uch intense concent ration th~t performance 

on t asks is in11ibited , tJ e practical applicability of incrc..a~ in.g dig ital 

skin temparatur.e is severely lim i tecl . Fur ther s tu ies arc nuc essary to · 

determine if th"' um0unt of concentration r e.quir=>d is reduc ·d ,1i.tlt add ition-

al trainin g t o the point wher it is foasibl e to conduct roµtine 

activity while keeping dlgi tal sl·i n tcmpci:c1ture e l c v;:it:cd . 
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Evi!.luation of Methodology: Co.ntrols and Me.diat"ion 

tn order to draw conclusions about the effec.ts of operant condition­

ing procedures upon autonomj..c responses, a numo·er of me·t hotlological issues 

ml.ls~ qe consi(:iered. Katl<.in, arid MurtcJ,y (1 971). presented a critical review 

of tl;le cxis !=ing s tui:'H cs in the area and pr:opos~d st-ringent criteria to 

b e used in evaluating whether ·or not observed effects could be attribute.d 

to ope1;ant conditioni )g , and wh ether these eJfects wer e s pecific to the 

system being conditioned. these criteria were (l) that results sbou]d 

demonst_nite that the resp<:mse iTi ques tion bas shcwm appropria te change 

in frequertcy, amplitude , or probability of occ:urr~nce ov-2r a fr-ec 

operant ra.te Qbtained in a baseline pe-ciO'd; (2) that cornpa:r-i.sons b.~ made 

between e:;.,perimental groups 1:md a,ppropriate controls; and (3) tha t dr.tta 

be fi:ee fton1 obvion~ a1ternativ'e .expla"Qat"ions st~ch as c·o gnitive 01· 

pe.riph e r,21 m0diation. Wi11l~ these cri te-r ia have been cridci7.l'>d as too 

stringertt (e. g ., Crider et al., 1971), they ma,y be us eful guidelines for 

discussion of the present study , 

Followi'-Gg a stri.ct i n terpretation c,f. Katkili and Murray ' s Ht-st 

cri.terion, one- would bave to conclu,·e that subjects in Experiment I I 

f aiied t o .coodi tio.n, since , during the Feedback session> t empera t\.ires in 

the con di tinning perio~ were gener~lly not higher than those in the 

prc~conditiunlng bas _line pcrio.d . Hm-1~ver, a:,; Crider e t aL (19.71) h ave 

pointed out, a1,,1tono111ic variables do not tend to show steady operant 1~otes , 

but rr,1ther· t nd to ~hangc over time . This was es·pecialJ. y n :-u~ in tlre 

pr;esent stuuy where t:he envir.onnmntql constraint of cold expoiwre tend:ed 

to effect n s eady d c l ine in p riph~ral t mp~raturc. In ~i w or th is 1 

th . comp_;ffisort o f equivalent exp.osur tirn s betwe en e:.-..-pc1.·imcntal nd 
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control sessions (a within-subjects application of Katkin and Murr.oy·' s 

second criterion ) provides a more accurate means• of as·sessing condit;i.oning 

effects t,han does the use of the preconditioning b.aseline. Insofar as 

subjects sho'wed c:onsistently higher tempQratut:es. in the Cbnditioning 

period durir1g Feedback ses.sions than in comparable periods during tha 

Control sessions, it rnay be c oncluded. that the conditioning procedure 

had a definite effect on skin temperature and subjective com.fort and 

temperature ratings . The exact n_ature of th{s effe,c t, hov1ever, cannot 

be inferred ft:010 th~ pr-.esent data. This brings us to a discussion of 

Katkin and }!urr:ayr s s econd criterion -with r espec t to the "appropria teness 11 

of the control session. 

In btofe-edhac-k, a _s in any expeJ,·ip;i~nta~ design, th1:'! controls must be 

apµrqpriate to th.e question.(s) being asked by the study. No previc,us 

studies had looked :at the possibility of using con di tioi,in t o increase 

peripb.eral temperature under a col.d eon.stra;int. I'l:ius, th_e present ~tudy 

was exploratory in nature, asking the que:9t·ion "Can individunis volun­

t.a.J:"ily produce increases in their dJgital ski.n temperatures in the col.d?rt 

The cont.rel ose:d here (th.e same individuals not attempting te inctease 

te.rnpe.ratures under the same emii,ronmental constraint) is an approp.riate 

control for s µch an expl.c:iratory qu estion . This control doe s not allow 

for deter-mining the factors in the feedback situa tion which cnabl .ed tbe 

subjects to prod_ucc inc_rea·~es irt t em erature . Since the :r;- e_sµUs of th i s 

study showe d tl1at individuals are ahle to volµntarily inc r ase di ~1. t al 

skin- t .e1,1r~ra turc in the. cold, it is qf interes t t J cxarnin al t e rnativc 

controls \vhic11 might aid in determining :-wetly which fo:c to · s in the 

.E , edbnck si l'.ua tion werL. relevant t0 the ef f ects obs erv ed . 
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The conditioning method us ed here included (1) instructions to 

inc:rease temperature, and (2) the provision of xris ual and auditor y feed­

bac k. s tirouli with tl1e implicit demand to attend to it. A c ontrol group 

s uch -as the one used in Experiment 1 , ,Jhere subjects were instructed to 

increase their digital te·nperatures but no t provided with imrnedi u t e 

feedback, would aid in determining the effectiveness of i,nstruct;Lons 

a:lon·e . (Since there w.ere no clear differenees i n tempera tures bet :reen 

the Feedback and I nstruction groups in Experiment I , or between either 

of these groups and the 90ntrol group, that stu:dy provided no cl ear 

evidence for the relative effectiveness of instruct ions or feedback.) 

A similar strategy could be usE!d t o determine the relative effectiveness 

of visual versus auditory feedbaek by runni:n g these two mod.es of fee d ­

back as independent conditions . Th.e feedback situation, however, 

intr0duces .othe.r potential sourc e:s of con£ounding . Fi:rs t, there is the 

possibi 1 ity of effects resulting from the concentratio.n i .nvolved in 

:attendin,1; to the feedback. Subjects , in fact, reported intense concen­

trat;ion and effort ; and, as discus sed above, the data from the dexterity 

task sugg.ested ef[ects r esul ting frcr" this concentrat;i.on. A second 

problem ha·s to do with the pote ntial for the stim.ulus and reinforcing 

properties of the feedba~k itself to e licit effects indepe:ndent of the 

instrumental contingency betwe n feedback a:nd teo1peratu1:e . This prob l em 

was discusse:d earlie r wi.tl, r ei;;:ird to the subj ective 1·c1tings of comfort 

and Lcrr1pcra.turc m.:ide in tbis study . Ont! way of separatin ~ the conce:n­

tr:~tion and st:lrnulus - e licitc<l effects from the f: e.~db<1ck. conti.n &ency might 

be t o requit'e groups to perfor m a vi gilanc e tas 1< tJsins visual and at1di-

ory s iniuli, assu1oj.ng th· t c n.c_entr,:Hion rcquin~d in th vi g il~rnc , and 
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feedb ack t ,asks could be equated. An alternate method which is often 

used to a s ses·s the effects of both concentration and elic.ite.d effects 

of feedback s ti. muli i s t:he method of noncontingent feedback. Such a 

procedure pre sents con.trol subjects with conditions and stimulation 

identica l t o that ot the experimentals, e xcept that the feedback in this 

case is not contingent upon the response > and so,. by definition, should 

not pro-duce a ny instrumen tal effects upon it. Al though this ap-µroach 

appears quite appropriate on first consideration , rroblems inhe i.-en t in 

the method may a ctua lly bias the results . For example, if the control 

subject is using a strategy which is effe ctive in p·roducin:g the desired 

effect, erroneous feedback may induc~ a c hange in this stratesy , thereby 

producing artificially l ,ow performance in the cont:rol subject and inf lat ­

ing the es tim.ate of performance in the experimen tal group. I f , i n add i­

tion to ad.opti ng an qffectiv@ Rtr. a te.gy , t he control subj ec t also has .some 

means o f internal feedback t o success ( for example, feeling an increased 

finge r pulse in the present study) • a rea liza tion that t he feed ba ck is 

erron ec,u s may occur. In this case the sub j ect mi ght ch oose to i 0 nore 

the Ee :dback p.rovide d and e ither persist i n the strategy or stop t rying 

t o produce the effec t, both respons .es producing qui,te different results, 

and both e qu a lly di ff icult to ·e:valuate post hoc. The l a ttl!.r case has· the 

potential :Eor the additional disadvantage of ma king the s ttbj e c t distrus t 

experimenta l situat~ons. Since sub ject s in psychological studies quite 

o ft;en pa.r ticip.:J.te in more than QUI'.! st\1dy, t he imp l icat ions of me k ing sub­

jects l ess respons ive to ins tructions a nd exp l anations pi:ovid d in 

experimental situ:.ltions should not be a minor concern . Re.gard l .ss o'f 

t hi s aspect of nonconting nt f cdbuck ., t:he r esu lts obt~ined (rltn S 1:Jch a 
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control group .are not always clear and exp.erirriente.rs should be very 

careful in the interpretation of sucb results . 

Katk,in and Murray's (1 971) t "hird crite rion deals with the. problem 

of mediation . The issue m-ay b e expressed as follows: if autonomic 

ch anges are observed in feedback studies, the effects r.1ay be t he res~t l t 

of elicited cogn itive or skel e t a l responses \•1hicb in tu rn e licite d 

either conditioned or ur1conditioned responses in the auton orntc sys tem 

being observed . Related to and i mp lied by the mediation i ssue i s the 

question of the specificity of observed effects to the sys t em upon 

which feedback is contingent, In the p1~esent study, for exarn'.'l e, general 

r elaxation of skeletal muscle may have .elicited an unc ondi tioned 1:eduction 

in syrnpathei-ic (S NS) activity resu lting in, among other things, periph-

eral vasodilation; or thoughts of sitting on a hot, sandy beach may have ~ / 

out that such periph ral and c0gnit i ve mediation i s of inter.es t only if 

one is concerned with proving condi tionip g of a specific autonomic 

syst em rather than control of tha t system. Since the pr.esent stuC:y was 

not concerned 1,ii tb specificity, it was not de:signed to eliminate .h e 

possibility of wediation . Moreover , in terms of practica l application 

of thi.s te.clmique, such mi.::diation may greatly enhance its"effsctiveness . 

It s till, how v-er., ma y he of interest to d iscu ss the media tion problem 

from the broader p e r p ctive of pos sible physiologic~} me chan isms o r 

syst~rns inv olveod in the ef ects . These rnuy b e of int rest both xom a 

theor ~tic.ul viev,point and fro.n1 .the practical poi nt of s u gges t'i.n g more 

efEectiv lnc:.in.s of t1·aining than the one used here . Several po:;s ible 

mechanisms c an b e . L1 gges t cd as a 1:;uide for f u tl,ll"e rese:nrcb . 

r 

'I 
: It' 

' ._ ' . 
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First, the observed increase i'n temperature might have be.en tbe 

result of more blood reach{ng the skin in the hands . This c ould be 

mer ely the result of inhibition of the adrene~gic SNS fibers causing 

vasoconstri.ction in the cold , or possibly a combination of inhibition of 

thaae adrenergic fibers and activation of the cbolinergic SNS fibers 

causin:g vasodilation_ . Fox and Hilton (1958 ) have proposed that this 

sympathetic vasodilation is the r-esult of the release of bradykinin 

from the sweat glands which receive direct chol.inergic SNS innervation 

rathe:r than from direct cbolinergic innervatj_on of the blood vessel s . 

If their hypothesis is correct, the remote pos si.b ility of increased 

s ... •eat gland activity under the co l d s t ress of the presen stucly would 

make inhibition of v a soconstri c tion a more logica l possibility than 

active vasodilation . 

The second method for · nc.re3si. g digi ta1 skin ternpe1·a.t·L!':' e ,,01.1 h 1 

involve a redis tributiofi of the venous return. During cold exposure , 

veuoua return frbm t.he e>.:treini ties normal ly occurs through deep venous 

plexuses allowing. countet·cur-rent hea'.: exchange between warm arteria1 

b lood and th e cooler venous blood . Tbe net result is that arterial 

hlood is greatly cool ed when it reaches the extremit:ies while the 

venous blood is warmed when it re<1ches the core . In a vrarm environnPn·t , 

venous return is shif ted to surface vessels, thus teduci ng cauntercurr nt 

heat exch.:ini;e and allow;ing mort'. 11eat to pass t o '-be ~nvir.onn1cnt . The 

re·ult is v.1armer blood r achin g the extrentiti:es (Bull.ard , l 971 ) . While 

it is believed. tliat this redistributJ,.on l s acc omplished throu . h s ymp3-

t hetic ~antral , the precis~ me ch<1 nisms arc not knmvn (Bli gh> 1973 ). The 

r edistr1.bur:ion of v~nous r ti turn., th rcfore., can e f f ec L ch.an.'.',cs in <li git .. .; 1 
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skin temperature indep.end.cnt of changes in peripheral blood :flow . Such 

a mechanism may have been involved in the increa.se 0£ digit.al skin t emp ­

erature seen in the present s tudy, pos sibly in combinatiort with an 

increase in blood flow. 

A third method of producing the observed temperature increases n1ay 

have been t ht"ough increased metabolic a ctivity tvhich mi gh t have resulted 

in warmer blood reaching the bands . Possibly the most log ical way for 

this to occur in this study would have be e n throu gh shivering . While no 

v is ibl e shivering was noted during the feedback periods, it is possib le 

that EHG re.cordings might. have picked up an increase in activity . In 

addition, increased ~bemical thermo
0
enesis, heart r a t e , or respitation 

might also have occurred. 

It is lnteresting to note that th.ese three medlanisl\ls for increasing 

di ;;i ·a l t 1:.mpe1·ature are not mutually consL,tent.. FQr ex.-m:1 T0 ; skPlr->t:,il 

rel axat i on as e basis for generali zed inhibition of S S activity ~ould 

conflict with the expectation 0£ heightened activation i niplici t in 

i ncreased ~etabolic ~ctivity . Monitorin 0 only blood flow or tempPrature 

at the periph ery would not b e sufficient to di f ferentiate these p~~sihil ­

ii::i es . F.or this ·reason, rega1,clless of which or what conib in,1tion o f thes e 

mechanisms was involved in the present study, the que.s tion of the specific­

ity of observed effects i s sti ll of interest. 

If t l .e observed eJ:fec t~ ,were tbe result of a mctnbolic: i nc r e as , bow 

general an i crease wa_s it? Did it irwol\· ~ nn increase in musculur ac tiv­

ity, an incr~.!lse in tissue met:iboli.sm> or some. comb in.:ition c,f both? And 

likewlse , if thu eff~ct 1;1:as one of relaxation, was it a r elaxat ion o[ 

t L~ SNS as Wickrrun· s ~c r a (1 973) has susges ted 1 ar did it involver l3x-
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ation of not only the SNS but of skeletal mus c le activity too? 

If the effect was specific, what systems -were involved? For ex.ample , 

if inhibition of innervation to the vasculature was inv:olved, did thi.s 

include all i:, e r ipheral blood vessels, only blood vesse l s in the hands , 

or only vessels in qne of the hands analogous to t he case of r a cs 

conditioned t0 respond with differe·ntial blood flow in t he two e ars 

(Dicara and Miller, 1971)? 

In addition to the theoretical interest in the: mechani Si:.1S underlying 

tbe p eriplTeral temperature e f fec t s , the consequenc;es that inc·r eased dLgi ­

tal t empe rature mi,g.ht have fo:t c ore temp erature a r e also of int1ctrest. 

Did increasiJg di gital skin temperature when homeostatic mechanisms 

r equ ired it to decrease caus,e a concomitant deer.ease in core tenperatute 

or mere ly a r edistribution in peripheral temperatures ? If no drop in 

severe exposure have produced a core te._~per-ature decreas.e? C.oul.d sub­

jects have shown peripheral t,emperature increases in a more severe 

exposu ·e ? Would disruption of homeostatic rnec11anisms in ruor:c severe 

eKposuc~s have de leterious effects? 

While tlie pr esent study has demonstrated that s ubjects can con t r ol 

di gita l skin temp erature in the cold, it obviously has rais ed Lany more 

ques tlons , such as the above, which must be answ 'red before the prac deal 

applicability of such a t echnique. cai1 be adequately ilS$esse<l . Studic.:; 

monitorin • skeletal muscle activity, re.spirat;i..on, hea:i;-t rat(;!, blood -low, 

corollary cl:l ange.s in temperature occurr:l.Tii"; over t,he rest of the body's 

sur :ac ~ and chn.nges in core tempet:a ture may provide us with ;:i more c rupletc 

understanring of th,= f..:tctors inJluencinb cornfort and t el)1per.:i.tur~ s m, 2 ti.ons 7 
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as well as a better understanding of other factors i nvolv ed in volun­

tarily controlling temperature. 
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