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CHAPTER 1 

INTRODUCTION 

What happens to a person who is put in a monotonous sensory 

environment? In 1951 at HcGill University, an experimental program 

was begun v7hich attempted to ans•ver Uds question.. Volunteer 

subjects were paid to spend t wenty-four hours a day doing nothing; 

that is, they were asked to lie on a bed and to wear headphones 

over their ears, translucent goggles over their eyes , and cardboard 

tubes over their forea:r111s and hands ., This equipment ensured that 

the variety of the subjects' sensory eA~Grience was r educed to a 

minimum, a condition called by the HcGill investigators perceptual 

deprivation. 

}!any functio~s have been studied under deprivation conditions , 

and gener<:l.lly, all have been sho>m to change, usually for the ·Horse . 

These i .nclude the subject 1 s emotional state , his motivation, his 

perception , and his cognitive abilities. One function that seems to 

have been ove:z•looked by deprivation res earchers • ho-..rever, is sleep. 

This se8r'JS surpr isj_ng sinca information about s]_eep during deprivation 

would appear rC"Jlevant to the reticu..la:c theory of: deprivation. 

Briefly, th:i.s states th!tt depr:tvation symptoms e.'iiXn be attributed to 

dysfu.."lction of the reticulo.r acttvating system r ·esulting from the 

monotono;.1.s n?-.tur a of the incom..i..ng sensory infoi•u!!.g_tion. In addition, 

an :hnrostignt:i.on of s].e'3p under th•3 s pecial con'-dtions of perceptual 
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deprivation Hould seem pertinent to several contemporary theories 

of the function of sleep, specifically to those proposing that 

sleep rrith rapid eye movements performs a cognitive function, or 

to those linking sloiv-wave sleep to reco<rery from physical fatigue. 

The present study, then, is an investigation of sleep in 

hQman subjects exposed for long periods to perceptual deprivation. 



CHAPTER 2 

BA.CKGHOUND 

This chapter is intended to provide a review of the 

experimentation and theory relevant to the present resear ch. 

The depx:ivn.tion literature will be dealt 'Hith first, and i\lill 

include a brief summary of some of the more striking of the 

dep•i va tion symptoms , tha t is, co gni ti ve, perceptual, and 

emotional changes, together with a consideration of some of 

the more prominent theoretical accounts. The next s ection of 

this chapter is concerned 1\lith sleep, beginning with 8, summary 

of current ideas about the neural mechanisms which control it, 

and continuing on to consider wha t its function is. Finally, 

sevoral experiments bear1ng 1~ore directly on the present study 

of sleep under depr hration conditions are r evieued. 

DeJ?:r.ivaj:i oE. 

The fi rst deprivation experi ments , performed at HcGil l 

Uni Yersity 1n the 1950's, have had pr ofound effects, not the 

least of 1.:rhich -vras to generate a huge amount of subsequent 

resear ch. A r ecent bibliography of publi ca tions in this area 

(\veinstein et n:±_., 1968) contains 1199 r ef er ences. Perhaps the 

most s urp r:Ls ing outcome of all thi s r es eareh is the a maz ing 

numbe1:~ a nd variety of activ1ti8s t ha t d eprivat i on affects . 

3 



For a comprehensive review of these, a recently published book 

edited by Zubek (1969) is excellent. It is not possible to 

present a complete summa ry in this chapter, but several of the 

more prominent sympto~s, including cognitive, perceptual, and 

affective changes , will be su1~eyed. 

Co gni ti..Q..I]_ 

There aro tHo >vays to ass ess any changes occurring in 

the subjects' cognitive abilities during deprivation; one is to 

listen to their o\om connnents on the subject, and the other is to 

attempt to me;~.sure any changes directly. Subjects at NcGill 

reported that they could not concentrate, and .felt unable to think 

in a directed fashion, and that t hey occasionally felt confused. 

In fact, this has been an invariable r eport fron all deprivation 

laboratories . When subjects are asked to descrjJ:;c their thou::;ht 

processes dur ing deprivation, they state that t hey gradually 

cease to think in a directed and rational v-ray, and instead spend 

most of their time day-drea1ning. All of these indicate a rather 

dramatic degradation of cognitive capacity; obj e ctive t ests 

suppor t this conclusion to some extent. Isolated subjects are 

worse than non~is olated. controls on the follol•Ting tests: Kohs 

Blocks , Digit Symbol, Thurstone~Gotts chaldt figm·es , Copying 

a Passage , Delta Blocks, and Picture Anomaly. In addition, they 

are impaired on Hord-:making , nm11ber s eries , and anagrams, but 

shoiv no deficits on digit span and analogies t ests (Heron , Bexton, 

and Hebb , 1953; Heron, 1961). 

Since these first stuc~ies at NcGill, mr.1.ny more 
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e}.'?eriments investie;ating cognitive phenomena have necessarily 

complicated the picture, supporting some of the above results 

and contradicting others . To illustrate , the deprivation 

laboratory under J.P. Zubek at the University of Manitoba has 

investigated the cognitive effects of variations in the 

conditions of isolation, as follo~rs: sensory deprivation, or 

darm1ess and silence (Zubek, Sansom, and Prysiazniuk, 1960), 

perceptual depr ivation, or unpatterned lie;ht and white noise 

(Zubek ~ al., 1962), and perceptual deprivation -rTith required 

exercise (Zubek, 1963). Generally, the results indicate that 

perceptual depr ivation leads to greater cognitive impairment 

than sensory deprivation (Zuhek , 1964c), and also support .HcGill 

in showing deficits in deprived subjects on tests of nwnerical 

l'eas oning, verbal fluency, and abstract reasoning. Isolates 

had little or no trouble with digit span, rote learning, recall 

and r ecognition . One interes ting rasult of the ivJ:anitoba 

experiments is that simil ar , though l ess severe , cognitive 

impairments can be produced by body immobilization alone (Zubek 

and H:i.l gosh , 1963; Zubek and Ha.cNeill, 1966). 

These fe\.,. experiments suffice to give some idee. of the 

cognitive effects produced by s ensory monotony. Suedfeld (1969) 

has eyJu:tustively reviewed the literature on this subject and 

attempted to pr·ovide a. synthes is of the many r esults . If the 

tasks us ed by experimenters to objectively assess cognitive 

function are ranked a.ccordlng to their complexity - complexity 

e.s defined by Suedfeld being Jo-c-1 for a memory t es t "rhich demands 
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almost no active intellectual effort, and high for a test requiring 

unstructured creative thinking - then there is a positive 

correlation behreen the mngni tude of the cognitive deficit 

observed and the degree of tssk conplexity~ In other words, it 

looks as though deprivation has a s elective effect on cognition, 

not much harming simple well-learned behavior , but greatly 

impairing a subject 's ability to deal creatively with novel 

unstructured ms. t orial. 

Perce-etion_ 

iarly reports from f.rcGill indicated that subjects 

experienced quite severe, though relatively short-lived , perceptual 

disturbances follo;.;ing isolation. Subjects reported difficulty in 

focusing, a t endency for objects to merge with their backgrounds 

and for the environment · to appear hw--dimens ional, and super

saturat1.on of colors (Bexton, Eeron , and Scott, 1954; Doane~&·, 

1959). In addition to recording subjects' comments on the 

perceptual alterations t hey experi enced, the Hc .. Gill e:>q)erimenters 

employed a large number of objective t ests (Doane , 1955; Heron, 

Doane, and Scott, 1956). Those which shovred a significant post .. 

deprivation change included the Gottschaldt ~mbedded Figures, 

size constancy , color adaptationi figural after effects, autokinetic 

effect, Archimedes spiral a.fter effect , and speed of copying a 

prose paragraph. No significant changes occurred in measures of 

critical Dicker frequenc:y, phi phenomenon, brightness contrast, 

brightness constancy, shape constancy, Necker cube reversals , 

tachistos copic percoption , an~l mirror dra-vring. There was a strong 
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suggestion of an increase in visual acuity. 

As with the cognitive effects, some of these results have 

been confirmed and others have not. For example, the Manitoba 

laboratory reports no change in size constancy {Zubek ~ !1•• 1961; 

Zubek ~ !!:!•, 1962; Zubelc, 1964b), thus disa.greeing l'1i th the early 

reports from HcGi11. Ho'irever, the two laboratories used different 

methods of measuring size constancy, so the seemingly contradictoF~ 

reports mlght be accounted for by methodological differences . 

A deficit in color perception, on the other hand , s eems to be an 

invariable r esult of deprivation; Vernon ~i &· (1961) and Zubek 

!:..!-. !1_. (1962) agree l<rlth the Ho'Jill experi.rnenters on this iV>m. 

All these results '..rere obtained with rnultimodality 

deprivation. Single-modality deprivation experiments have been 

performed as i'fell, using the visual (Zubek , Flye, and Aftanas , 1964; 

Zubek , Flye, and WilloHs, 196Ll·; Schutte and Zubek, 1967), t actual 

(Heron and 1'1orrison; Aftanas and Zubek, 1963a and b), and 

kinesthetic (Zubek et &·, 1963; Zubek and V.Jilgosh , 1963; Zubek and 

HacNeill, 1966) sensory systeriS . In general, the findings of these 

studies indicate that single-modality deprivation is sufficient to 

produce many of the effects of n1ulti-modality deprivation, including 

j_ncreases in tactual acuity, auditory discrimination, and pain 

sens itivity. 

Perhaps the most striking perceptual alteration reported by 

the HcGill investigators vras the occurrenco of hallucinations in 

their deprived subjects (Heron, 1961; Bexton, Heron, and Scott, 1954; 

Heron , Doane, and Scott, 1956). These occurred uhile the subjects 
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were unequivocally awake and consisted of definite "perceptions 

without object11 • They ranged in compleY..i ty from simple dots or 

lines to full-fledged scenes appearing in front. of the subjects. 

Like the other perceptual and cognitive effects. these 

hallucinations have not gone unchallenged, and the general attitude. 

to,.,rard them today is one of considerable skepU.cism. This 

skeptical attitude may be partly due to the fact that extremely 

short durations of deprivation have been reporte d to induce these 

hallucinatory phenomena (eg . Zuckerman~ al., 1962). In addition, 

it has been found that subjects >vho receive pre-deprivation 

instructions such tlli~t they e~~ect to experience vivid visual 

imagery are much more likely to report such experiences th~n thos e 

who are not so prepared (Pollard, Uhr, and Jackson, 1963). 

Nevertheless , neither of these tHo fact.·ors can account 

for the 11cGill reports of hallucinations, since deprivation 

durations were long, and the experimenters, far from priming 

their subjects to report hallucina tions, 1-rere i..n fact greatly 

surpris ed by their occurrence. It vms only aft.er several subjects 

had repeatedly as ked the experimenters ;.;hether pictures rTere 

being proj•9cted. on their goggles , and after one subject showed 

repeated h•3ad HithdraHal vrhen he thought he sav-r objects moving 

towa rds him that these reports began to be take.n seriously (Eeron, 

personal conn.1Unica tion) • 

Zucke r man (1969) revie'.~s the evidence p e1·taining to these 

phenomena and points out tha t though their incidenc0 is much 

loHer tha n that initially r eported at Ec'Jill, t hoy are n everthel e[;s 
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genuine effects of the deprivation experience and cannot simply 

be dismissed as the i maginings of subjects previously 11 set11 to 

report hall ucinations. 

Emotion 

Subjects in the early deprivation experiments at HcGill 

· became bored and irritable , and said so ~~thout hesitation. In 

a. complem.;mtary f ashion, they s eemed also to be very easily arrrused . 

In general, tho deprivation experience seemed to produce an 

increase in emotional l ability and a slight regression towards 

more childish emotional behavior, at t..rhich some subjects expressed 

considerable surprise (Heron , 1957). Another interesting result 

of thes e experiments , and one invariably replicated by subsequent 

investigators , l·Tas that not all subjects managed to stay in 

deprivation for as long· as they had previously volunteered to 

st..1.y. Zubek et al. (1961, 1962) find that onlv about b•o-thirds - - ., 

of all volunteers can endure sensory deprivation or perceptual 

deprivation for one week. This provides strong support for the 

proposal that deprivation is an unpleasant experience and perhaps 

makes subjects fe el stress ed and anxious . As l-rith changes in 

cognition and perception, attempts have been made to assess the 

emotional changes exper:i.encod by depriv•3d subjects objectively, 

"t>rith most of the emphasis being placed on measurements of stress 

and anxiety. Hhen subjects rate themselves on these variables , 

a clefini te shift to~..rard these negative emotional stn tes is 

apparent (Zuckerman , Levine , and B:i.ase , 19614-; Z.uckerrn~1.n et al. , 

1966). Further investigations of Hhich aspects of the deprivation 
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experience (loss of vision, loss of hearing, loss of social 

contact , confinernent) are related to which emotional changes has 

revealed the following correlations: general complaints of 

discomfort are most co~n..rnon in a perceptual depr-lvation situation, 

but reports of fear and anxiety seem more related to the presence 

of 'Hhite nois e , whether or not vision is restricted as well 

(Leiderman, 1962). Confinement , even Hithout sensory deprivation 

or social isolation, can produce significant subj ective stress, 

but the great est increase in anxi ety r esults fro:n the deprivation 

experience (Zuckerruan ~ a1. , 1968). An interesting finding from 

the Hanitoba laboratory (Zubek , 1963) is that physical exercise 

durins perceptual depriv<>.tion can to some extent counteract the 

impairment found in intellectual and perceptual function, but 

that the proportion of quitters in this exercis e group is about 

the sa:ne as in non.-exercise perceptual deprivation eroups. It 

seems , then, that exercis e does not r educe the subjects' f eeli ngs 

of stress although it can produce rather dramatic i mprovement in 

other functions. 

Clear ly, then , when the meC~.surament devi ce is the subject's 

raports or s elf-ratings of emotional change, there am·erges the 

consistent pictura that deprivation produces stress and anxiety. 

Howe·,rer 1 sensory or percGpbJ;ll deprivation apparently does not 

p< .. rallel other stressful situations in altering the activity of 

trie D.drE•nocortical and SYinpathetic- ac1renomedul1aJ-y systen:.s . 

l·Turphy ~ aJ.. (1955) report no change in the excretion of 

ll .• oxycortieoids dul'ing deprivation; Zubek and Schi.l.ttc~ (1966) 



\•rere unable to detect any difference behreen the amount of 

excr·oted ca techolamines in experimental compared 1o1i th recumbent 

control subjects. These results are puzzling. The only general 

conclusion that can be dralm is that the b:i.ochendcal measures so 

far employed are not sensitive to the variety of affective 

disturbances reported by deprived subjects. 

11 

These, then, arf: a few of the effects produced in subjects 

undergoing sensory or perceptual deprivation. 11uch of the 

research produces conflj_cting results, much of it cannot even be 

compared because of methodologic-9.1 differences. Yet there is e.n 

enormous mass of data and, unexpectedly for e. phenomenon with 

such wide .• r.;mging a.nd important symptoms , there is almost no 

theory available -vrhich attempts to syDthesize it. I·Jith this 

- discouraging thought in rrl.nd, it s eoms , Vernon na.:med the 1 as t 

chapter of his 1963 boo!{ "Facts without a theoryn. 

It is unfair and incorrect, ho-viever, to say that there 

are no theories at a.lJ , when, in fact, there have been tr,ree ma jor 

ones a.dvancGd about the neural basis of the efft-3c ts of depriva tion. 

The FicGill lf,bora.tory put fo!'l.Jard a reticula r s;y-stem theory vlhich 

states that the reticular activating systern needs continuous 

varying input from the sensory :receptors in order to properly 

perform its tonic activating function on higher brain centers . 

When it gets little input and when tha t little is tmchanging , 

the cortex i s deprived of its normal input and cannot continue 

in its usual f D.shion (Heron, 1961). This is also the gist of 

the theory put for~ti.:n·d by U .ndsley (1961), but ·Hi th the 
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significant modification that the reticu..1e.r forrr1at:'Lon serves as 

a kind of homeostat adjusting input-output relations. In order 

to perform these adjustments most efficiently. the reticular 

formation itself becomes 11 tuned'' to ongoing activity within certa:i_n 

limits , in somewhat the same fashion as a band-pass filter deals 

with incoJ1ling frequencies only within its pre-set limits. In 

other vlords, the reticular- formation ca n be said to be set at a 

cer-tain adaptation level. 1-Jhen one element impo1·tant to this 

r egulatory funct:l.on is drastically altered, for example, when 

sens ory input ceas es to vary in :i.ts usual manner , the adaptation 

level of the r eticular forma tion is no longer appropriate , and the 

whole system malfunctions. Lindsley envisions t he cortex as 

unarous ed by the reticular activating syste111, and the subject, 

deprived of this activa tion, as inev""i t ably beconing bored and 

inactive , and eventually falling asl eep. S chtlltz also postulates 

a homeostatic sort of mechanism, based on a principle he calls 

s ensoristasis. S ensoristasis is 11 ••• a. dri vo of' cortical arousal 

which i mpels th8 organism to strive to maintain an optimum lovel 

of sensory vari a tion." (1965, p. )0). \-Jhen sensory input is 

reduced in amount and vari ety, the reticular activating system 

adjusts to this sta te but the organis!ll becomes very sensitive to 

incoming stimula tion, and its arrival j_s considered to be 

reinforcing sinee it r educes the drive for sensoristasis. 

These, then, are the t hree most conprehcnsive theories of 

depriv<>.tion phenomena , compr ehens:lve in the s ens ·e tha t they 

attempt to enco111pass all of j_ts effect s and not just concent rate 



on one or a fe\v. Clearly, the three are variations on a single 

theme . All implic&.te the reticular activating system as the 

mechanism which is responsible for the production of deprivation 

symptoms. Briefly stated, the r eticular theory attributes the 

effects of deprivation to an unarot1Sed cortex . 

The concept of arousal is central to any discussion of 

deprivation effects and the theories attempting to account for 

them. The HcGill experiments ·vrere done just after the pioneer 
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work of Horuzzi and Magoun (19l}9) and Lindsley~ aJ.. (1949, 1950) 

on the as cending reticular activating s~~tem, so it was quite 

natura l for these deprivation vJorkers to formulate their theories 

in these terms. Since then , hoHeve:r, much new j.nforrnation about 

tho r eticular S)~tem has emerged, with the result that concepts 

of both its structure and its ftmction have been considerably 

modified . The arousal function of the reticular system is no 

exception , and the entire concept of arousal deserves r e-examination. 

Dement and :Kl eitman (1957) dePJ.onst.rated a clear d:i.ssociation 

betw·een behavioral and l~cG arousal Hi th their recordings of lo•v-

voltage fast cortical activity from sleeping humans. Bradley 

(1958) shoi·Jed that atropine pl'oduces a similar dissociation: 

anj_mals given this drug are behaviorally m·rake and alert , yet 

sho-r,.r 06Gs indicative of deep sleep. Further, Evarts (1967) has 

sho1m that tt is not posslble to predict the behavior of single 

neurons from the ch.: .. racteristics of the cortical E8G , since there 

are some c ells vrhich increase their spontaneous rate of discharge 



from the vraking to the sleeping state . These studies clearly 

demonstra t e that the conventionally accepted equivalences 

betw·een behavioral and .2;$ arousal and bebreen iliG activity and 

the discharge of single neurons are no longer altogether valid. 

Other measures believed to indicate the state of arousal of an 

organism, such as activity, or various aspects of evoked 

potentials, or sensory thresholds, nrust also be similarly 

questioned. 

Considerations of this kind urge a reappraisal of the 

usefulness of the concept of arousal, and in particular, of the 

simple form of it vrhich prevailed at the time of the first 

deprivation experj_ments. In spite of this, however , present 

day investigators of deprivation phenomena still use the arousal 

concept as originally formulated , perhaps finding it difficult 

to discard so serviceable a theory., Their research has 

produced r esults considered to support the reticular theory of 

deprivation by indicating decreased l evels of arousal, as well 

as thos e which do not seem to support it. 

One piece of evidence Hhich has been t aken to support 

the reticular theory in that it seems to indicate a loHering of 

brain activity is a slot-;lng of the alpha rhythm in deprived 

subjects . Heron describes the change as follows : 11It is 
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apparent that there v7as progressively slower activity during the 

isolation period •••• It should also be noted that the changes 

progress ed regularly; that is, that there is more sloH activity 

after 96 hours than after 48 hou.r s in all cases ." (1961 , pp. 24-25). 
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In addition, this r educed frequency alpha rhythm pers ists for a 

considerable time after subjects have emerged fro1 isolation. 

Heron (1961) measured the alpha frequency following four days of 

deprivation and found it still reduced at three and one-half hours 

after~mrds . Others have found that this effect can l ast as long 

as ten days after a deprivation period of fourteen days ( Zubek, 

1964a). Though the slo-vdng of the alpha rhythm its elf has been 

interpreted as offerring support to the reticular theory in that 

it s eern.s to indicate decreo.s ed arousal, the details of this process 

are more difficult to understand. In terms of reticular function, 

it is hard to understand why the changes occur so sloHly and 

gradually, and also \oihy they persist so long after deprivation. 

Subsequent experiments on this phenomenon have been 

performed in North Ameri ca (Zubek and irJelch , 1963; Zubek , Welch , 

and Saunders , 1963; l~arjerrison and Keogh , 1967), in ~n .'?;land 

(Smith, 1962), in Japan (Nagatsuka and Kokubun , 196l~; Sato and 

Kokubun, 1965; Ohyam:i , Kokubun, and Kobayashi , 1965), and in 

Russia (Lebedinsky, Levinsky, and Nef edov , 196L~; Hiasnikov, 1964; 

Gorbov , Niasnikov , and Yazdovsky, 1963; Aga.dzhanian et: al., 1963). 

These experiments have added many more details to the finding that 

brain activity is slowed during dGprivation, but none have fail ed 

to confirm this bas ic result. 

There are several animal studies involving the surgical or 

chemical r eduction of incoming sensory stimulation \>Ihich are 

clos ely reJ.ated to the deprivation experiments. The high voltage 

slow \<raves seen after rr.[..."l.ssive deafferentation procuced by brainstem 
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transection, as in the cerveau isole preparation of Bremer (1935), 

cannot be attributed to the elimination of s ens ory input alone, 

but must be vieHed primarily as the result of gross damage to the 

reticular formation (Lindsley et al., 1949, 1950). Hmvever, there 

are more recent reports which indicate tha t s elective elimination 

of a single sensory modality can lead to an increase in ~~G 

synchrony. Arduini and Hirao (1959) produced a reversible visual 

deafferentation by raising the intraocular pressure in cats with 

brainstem transactions , and observed that this procedure 1-ras 

follovred by cortical E£G sleep patterns. Both Hodes (1962) B.nd 

Randt e.nd Collins (19 60) have reported EJXJ slo1dng in cats 

depr ived of proprioceptive input by neuromuscular blocking agents. 

These animal experiments , then, as well as those using 

hu111<m subjects, have been cited ~.s support for the reticular 

theory of deprivation in suggesting that the arousal l evel is 

lo·wered during this experience. On the other hand , various other 

deprivation effects have been considered as strong support for 

the opposite contention, that arot:sal levels are heightened 

rather than depressed dur i ng deprivation. 

Activity has been shovm to j_ncrease during the period of 

deprj_vation. Smith, Hyers , and Hurphy (1962, 1967) found a 

significant and progressive increase in r0stlessness, or body 

movements , measured over four days of sensory deprivation. It is 

••ell known that patients hospitalized for eye sm·gery, a situation 

l'lhich could be considr:)red as clinical sensory deprivation, often 

are very restless (Jackson, 1969). Observations of ani'ilals 

16 



17 

reared in restricted environments may conceivably be r el a t ed to 

the deprivation effect on activity. Both Thompson and Heron (1954) 

and l1elzack and Scott (1957) have r eported that dogs reared in this 

~ray tend to shoH an aimless hyperactivity. Goldfarb (1955) has 

observed similar hyper activity and r estlessness in institutionalized 

children. 

Quite different from these activity measures, but thought to 

provide as strong support for the increased-arousal theory, are 

recordin~s of evoked potentials in deprived subjects. Gendreau (1969) 

reports tha t prison i nraates subjected to a wild deprivation procedure 

for one 1-1aek exhibited a decreas e in the latency of visual evoked 

potentials >-Then compared >·lith non-deprived cont r ols. Also, aPlpli tudes 

of evoked r espons es t ended to habituat e less in the deprived group. 

Ho1·1ever, it is poss ible t hat thes e r esults should be de-emphasized 

since the experiment included very few co;!tr ol subjects , and 

consequently the liw~its o.f normal variation in thes e measures of 

evoked potentials Here not well defined. 

Finally, there is cons iderable information on changes in 

acuity and s ensitivity Hhich als o has been cited as support for 

an increased-arousal interpretatj_on. Doane ~ al. (1959) r eported 

an increase i n tact ual [J. Cuity foJ.lov:ing per ceptual depr ivation; 

Zubek (196l.J-b) has r eplicated this finding. Incr eased pain 

s ensitivity also seern..s to result from sensory deprivation (Vernon 

and McGill, 1961), but can occur after visual dep1·ivation alone 

(Zubek, Flye , and Afta nas , 196/..!·). Single modality deprivation 

can l ead t o increa3 •3.S i n acuity in s everal modalities, not only 



in the one restricted; these changes have been observed in the 

tactual (Zubek, Flye, and ltJillows , 1964), auditory (Duda and Zubek, 

1965), and olfactory modalities (.S chutte and Zubek, 1967) after 

visual deprivation, and in the tactile modality (Heron and 
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Morrison; Aftan:?.s and Zubek, 1963a and b) after tactUr:tl deprivation. 

These data concerning activity, evoked potentials, and 

acuity changes , then , seem dia.metricaD_y opposed to the reports of 

.2:1£G sloHing in that they are thought to reflect an increase, rather 

than a decrease , in arousal e.s a result of deprivation. Host of 

the cognitive and per ceptual changes, except for the reports of 

increased acuity, can most easily be ascribed to a decrease in 

level of arousal. The subjective r eports of affective change tend 

to support the idea of increased arousal , but the biochemical 

measures are not conclusive. All of these effects have been 

repeatedly demonstrated by experiment; none can be merely ascribed 

to accident. Both bodies of fact, interpreted as supporting 

either an increase or a decrzase in arousal, must be accepted , 

leading to the paradoxi cal conception of deprivation as producing 

both an increase and a decrease in the level of excitation of the 

central nervous system. A poss ible resolution j_s provided by 

Beteleva and. Hovikova (1961). These authors produced olfa.ctory 

deafferentation in the rabbit by therrr.ocautery of the mucous 

membrane housing the olfactory receptors. ~~G r ecords taken from 

the visual and sensorimotor cor tex showed a largedecrease in 

amplitude and some decrease in frequency follo1,ring this treatment. 

On the other hand, simultaneous r e cordings from the reticul ar 
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formation were increased in amplitude and s ho1.red a greater prominence 

of fast fr equencies. The UG slo>.,ring observed during deprivation 

lllight be the counterpart of the cortical depress ion obs erved by 

these authors, whereas the increase in reticular activity, if such 

an effect genuinely occurs in sensory and perceptual deprivation, 

mieht account for such effects as the increase in several sensory 

acuities and the progressive increase in activity. In fact, there 

is some evidence already available for reticular involvement in 

increas ed acuity. Fuster (1958) observed faster reaction times 

and generally improved performance on a tachistoscopically presented 

visual discrimination task in monkeys dur ing stimulation of the 

reticular forn'..a. tion. Reticular stimulation also seems able to 

improve the resolving ability of the visuel cortex fo r brief flashes 

of light (Lindsley , 1961). 

The reticular theory of deprivation, then , s eems to broadly 

fit and generally explain the effects of this procedure. In its 

present formulation , hm-1ever , it is far from precis e , making no 

attempt at all to define in more detail neural mechanisms which 

might underlie the various SJ-IIlptorr.s of deprivation. One additlonal 

limitation has been pointed out previously, that is, the persistence 

in theories of deprivation of an ove1·simplified concept of arous.al. 

It seen1S to be a characteristic of all research in deprivation that 

it is not a i med a t the development or elaboration of some 

theoretical point, but r ather seems to accu~Qlate in quite ai mles s 

fas hion. Clearly, vThs.t ara needed are r esearch programs· which s et 

out to collect information about r et i cular system func tion under 



both normal E~.nd d.spri vad condj_ tions. ~ually clearly, one of the 

most obvious choices, and presently an ar.eEJ. of intense res earch 

activity in its 0~1 right, is sleep. 

Sleep 

The reticular system has been implicated in r egulating the 

various states of consciousness, including sleep, since its 

discovery by Horuzzi and Hagoun in 1949. Their report that 
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reticular stimulation l eads to EEG arousal, coupled vrith Bremer's 

(1935) finding that cerveau isola' cats display only slo1>1-1~ave :2:~ 

actlvity, led to the hypothesis that it VJ8.s the reticular formation, 

rather than the classical s ensory pathways as Bremer had initially 

supposed, that Has responsible for regulating E~ arousal. 

Subsequent classic experi ments by Lindsley et al. (1949, 1950) 

shoHed that reticular lesions alone vTere able to reproduce the 

effects of the cerveau isole operation, but t hat lesions of the 

sensory pathrtTays were not; the hypothesis v<as confirmed. Basically, 

this is the evidence which led to the proposal of what is now called 

the deafferentation theory of sleep. Briefly, it states th.at sleep 

is attributable to elimination of the Haking influence of the 

reticular activating system, or, alternatively, that sleep occm~s 

when the background activity of the cerebrLLl'il , which depends upon the 

tone of the ascending r eticula r formation , decreases below a critical 

level. 

This dea.ffer-ent.:"..tion notion sUll forms the core of most 

theories of sleep, although much ne·.r info:rmation has forced 



elaborations and modifications of it, and has often led to 

considerable confusion. For example, one of the mora startling 

discoveries (l!..serinsky and YJ.ei t m-::m , 1955; Dement and Kl ei tman, 

1957) -vras that sleep is not a homogeneous state, and t ha t its Ii;~G 

signs do not alHays consist of high voltage slow activity. All 

hun1ans and msny animals experience a phase of sleep characteriz ed 

by lo•tf vol ta.ge fast iliG activity which greatly res embles t he 

waking record, by great relaxation of certain body nn1scles, and 

by frequent rapid movements of the eyes under the clos ed lids. 

From these eye movements the stage has taken its name - REJ:.! (for 

Rapid Sye Hovement) sleep. 

Huch additional information has become available Hhich 

implicates many other brain structures bes.ides the reticular 

formation in the production of sleep. Stimulation of many po.ints 

in the diencephalon of cats revealed that natural sleep, complete 

vri th j_ ts preparatory treading and curling up, could be elicited 

regularly from points in and close to the midline thalamus (Eess , 

1954). This beh~wio:ral r esemblance bebTeen natural and sti:rmlation

induced sleep is p'1ralleled by the striking simile.rity in their 

E~G patterns (Akert , Koella , and Hess , 1952). In a similar 

f ashion Clemente and Sterman (1967) 1-tere able to produce sleep in 

cats by stimulation of the praoptic area and the diagonal band of 

Broca, an area they r efer to as the basal fo rebrain . These 

authors postulate a des cending functional pathHay from the or~ital 

cortex to the brainstem and thala1nus by way of the basrtl forebrain 

r egion and limblc system; this pathvmy :i.s inhibitory and acts to 
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oppose the ascending reticular activating system. 11oruzzi (1960, 

1963) also believes in structures which act to oppose the 

activating system and promote wG synchrony and sleep, but 

maintains that they are located in the lower brain stem. The fact 

tha t ca ts with miclpontine pretrigeminal brainstem sections spend 

much more time in a. state of .2;2:G arousal than do normal intact 

cats ( Batini et al., 1959) stron~;ly supports the existence of 

these synchronizing structures. Eagnes ~ al. (1961) speculate 

that they are located in the vicinity of the nucleus of the 

solitary tract, since it 1-ras from this region that they obtained 

widespread bilateral synchronization of the cortical 3t~G by low 

frequency stinru.la tion. r1oruzzi feels that this discovery is in 

good harmony Hith the deafferentation theory of sleap if it is 

accepted that the reticular barrage rr:Ay decline because of :J.ctive 

inhibition from the synchronizing mech~nism as well as falling off 

passively. In fact, this hypothesis seems particularly able to 

explain those cases in which sleep is produced by sti'n1Ulation of 

the brainstem ( Favale et al., 1961) or by repetitive sensory 

stimulation. Finally, as a r esult of many years of experimentation, 

Jouvet (1963, 1967 a and b) ha s dis ca:rcled th•9 possibility of an 

electrical sle.-:3p nechanism in favmu~ of what he calls 11Het11 

n europhysiology, tha t is, the idea that sleep is dependent upon 

fluctuating l evclc of brain chem:icals. Hore specific3.lly, the 

monoamine serotonin cont:~.ined in neurons of the raphe nuclei of 

the brainstem plays a part in the process of sleep , and j.s 

prirr'.a.l':ily coneerned with slo~.:-w:;.ve sleep . The neurochemi cal 
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system respo:~sible for the control of paradoxical or R~-~ sleep 

seems somewhat diffuse, and is only understood in a f ragmentary 

fashion, but implicated are monoamine oxid!l.se-containing and 

noradrenalin-containing neurons of thH locus coeruleus. 

It is obvious, then, that sleep is far from being a 

homozeneous function subserved by a single sleep "center". Far 

more likely is a system in Hhich many brain structures interact 

and perform different roles in triggering or regulating various 

aspects of sleep . Koella (196'?) is the m-.:t jor contemporary theorist 

who has attempted to survey all the evidence pertaining to sleep 

and to reconcile the var ious viewpoints about ho1.r it is pro::luced. 

He believe:> t hat the hypnogenic 8.rea described by Eess in the 

thalamus is the "head ganglion" of sleep , that is, the only brain 

area which s eems caJX1.ble of controlling aD. a.spPct.s of sleep. 

Other areas v1hich , on stimulation , have l ed to the production of 

sleep or, on lesion, to its disturbance he designates as 

subordinate structures , since all seem able to influence only 

certain aspects of sleep , and do not regulate the phenomenon as 

a 1·lho1e. The nucleus of the solitary trB.ct is conceived of as 

the brainster11 synchronizing mechanisrn postulated by Noruzzi ; its 

action is to oppose the activating or arousal system. The 

midbrain r eticular formation also is considered to function in a 

subordinate m<:-tnn.:lr during sleep , perhaps being involved in the 

control of phas ie, short-lived episodes of sleep or deepeninc.; of 

sleep. The role of the basal forebrain is constdered to be the 

organj:z.ation of the adjustments Emd change in slwleto-motor tonEl 
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and autonomi c output which are characteristic and to some extent 

necessary for sleep . The hippocA.rripus too is a subordinate structure , 

which is very likely r esponsible for the prE)sotnnic phase of sleep; 

stimula tion of this structure in ca ts elicits behavior l-rhich 

closely parallels norrn2.l pre-sleep behavior , including yaHnine;, 

curling up , g:roomine; , and relaxation of the nictitating membranes 

(Parmeggj_ani, 1962) . That region of the pons which s eems to be 

responsible for paradoxical or REH sleep a.lso falls into Koella 's 

subordinate ca tegory. 

All this , ho<iever , constitutes an answer to tbe question 

"How? 11 of sleep ; tha t is , it concerns the neural ma cl.-d.nery 

r esponsible for sleep . Very little att ention has been paid to the 

question ~~~~ hy! 11 • In fact, Jouve t b elieves that nvery seldom in 

the history of physiology has so mu ch effort b een devoted to the 

description, quantification, classification, and de]im.i.tation of 

such a complex phenor.!enon of al1r:.ost totally unknoi-Jn function" ( 1969 , 

p. )2) . Neverthel ess, some theor:i.sts have very recently b een much 

preoccupied with possible functions of sleep. On the face of it, 

the question 111-lhy do we sleep?" s eerns ridiculous. The obvious 

ans1-rer is b ecause >-Te are tired , a.nd sleep is the r ecovery process 

from t his tired sta te., Indeed , the investig~.tions of Hess and 

Horuz!Zi and l'Iagoun dHel t on this problem not. a t all, considering 

it already anS1·Jered by the recovery from f ati gue idea . Given tha t 

this is a s ens ible a.ns-vrer, the next question HotJld have to be , 

11\rJhat exactly i s it that gets tired and neEJds sleep to r ecover? 11 • 

The common sense r,nsvrer to this question is a little l es s obvious 



than that to "i'ihy do He sleep?" but neverthel ess carries the same 

intuitive appeal. It cannot be true that we sleep solely in 

order to rest our muscles, since simply lying still is able to 

overcome muscle fatigue . The obvious alternative, then, is that 

it is the nervous system which needs sleep. This view draHs an 

analoe;y from the obs erved states of rest and exercise i.n skeletal 

muscles in i mplying u .. _a t sleep is a period of neuronal quiE:scence 

when compared with the intense activity of -vmkefulness. In other 

words, a sleeping brain is an ina ctive b rain. 

Recent evidence has s hoi''n, however, that cerebral neurons 

are not inactive during sleep. 2:varts (1962) has shown that the 

average discharge frequency of neurons in the eat's visual cortex 

during stage I R2H sleep is approxim:1tely the same as that observed 

-vrhen the cat is a."'rake and attending to its environment, but t hat 

this f requency is t wi ce that of waking in darkness. Hi gh l evels 

of activity during R0~'1 sleep have also been reported for neurons 

in the brainstem (Huttenlocher , 1961), the somatosensory cortex 

( ~varts, 1963), and the motor cortex ( ~varts , 1964). It appears, 

then, that sleep is not an inactive state, but an active one, which 

probably functions to allow recovery from some brain activity, and 

not s i 111ply to overcome mus cular fatigue . 

Hovrever, soTIE": experiments have shown an increase in 

syncr .. ronized o:!:"' s lo>·T-Have sleep after physlcal exercise. Hobson 

(1.968) exercised cats in a treadmil l before permi tU.ng them to 

sleep, and fotmd both an increase in the time spent in slovi->rave 

sleep and an earlier ons et of this stage than in non-exercis ed 
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cats. Na.tsumoto ~ al. (1968) have performed an identical 

experiment using rats, and report exactly the same results. In 

consequence, the theory that sloW-1-1ave sleep, at least, is related 

to physical fatigue has been seriously proposed. Hauri (1968 a and 

b, 1969) has failed to replicate these effects :i.n hmrl<'lns. Six 

hours of physical exercise b efore sleep did not influence time to 

sleep onset, amount of sloH-"Have sleep, or time to the first slovi-

1-rave sleep period. i-l ebb and Friedmann (1969) did not attend 

specifically to slovr->-rave sleep , but report that rats rais ed to 120 

days of age in cages with or Hithout activity wheels sho-vr no 

differences in either total sleep or diurnal distribution of sleep. 

There appears, then , to be evidence >·rhich both supports and 

contradicts the theory linking physical fati gue and slow-w-ave 

sleep. The current belief , ho1-rever , is that it is unlikely that 

sleep serves only as a recuperative process from physical fatigue. 

Far more in vogue is the alterna tive tha t it is some 

menta.l process -vrhich needs the sleep time to recover. It is 

impossible to n eatly classify theories of sleep functio n according 

to >vhe ther they are primarily concerned with RL:":11 sleep or sloH~· 

vmve sleep or both. Some theorists have concentrated spe c:i_fically 

on the function of RGJ1 sleep, ignoring synchroniz ed sleep, while 

others have spoken of sleep as though it -vrere homogeneous, 

ignoring its tvro distinct phases . 

Snyder (1966) has suggested that R0'H sleep functions to 

allo·~r periodic arousal and activation, and so permit .a quick 

or ientation to the outs ide environment if the or~anism is in need 
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of it. Ephron and Carrington (1966, 1969) propose t hat the R~M 

state, >v:tth its intense brain activity, serves to reverse the 

partial deafferentation occurring during slovr-wave sleep, and 

preserves an optinrum level of 11 cortical tonus 11 • A quite different 

interpretation has been advanced by Berger (1968) who feels that 

Rl:.11 sleep provides a mechanism for establish.rnent of the 

neuromuscular pathvmys serving binocularly coordinated eye 

movements, and in adult life maintains this binocular coordination 

during sleep. A primarily developmental role has been assigned 

to the REi'i state by Roffwarg et al .• (1966) and by Dement (1965); 

its intense neural discharse , probably from a pontine center, 

provides endogenous input ne cesse.ry for the maturation of the 

neonatal central nervous system. 

Pro~ably the most attractive hypothesi3, and one advanced 

by a. nu.rnber of authors, is that RE!·-1 sleep , or sleep as a whole, 

is necessary at some stage of the learning~memory-consolidation 

process. Horuzzi (1966) s eems to have been the first to advance 

this hypothesis and provide some indirect experimental support 

of its plausibility. He postulates tha t sleep is necessary, not 

for the whole brain, but only for those neurons •·:hose synapses 

show plastic changes during V>Takefulness (learned synapses ). It is 

possible that some metabolic substance slowly accumulates durinr; 

the >mking activity of these neurons or synaps es and can only be 

dispersed by lon:; sloH process es of recovery. Othe r neurons or 

synapses, by contrast, do not need long r ecovery periods; like 
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the neUl·ons of the r ospi ra tory or vasomotor centers , their recovery 



takes place in the intervals betHeen cell discharges. Similar 

theories, but framed in the terminology of computer science , have 

been advanced by several other authors (Svans and Nm-.man , 1964; 

Newman and li:vans , 1965; Gaardner, 1966; Shapiro, 1967; Dewan, 1968, 

1969). ~ssentially, these authors propose that sleep provides an 

opportunity for the processing of n<:Mly acquired information and 

its integration with older inforir.ation, for discarding information 

that is irrelevant and unneeded, and for "reprograrnming" for the 

arrival of ne-.;-. information. 

Some experimental evidence in support of these cognitive 

theories of sleep haG r ecently been published. Greenberg and 

Dewan (1968) report significantly greater amounts of Rc..'H sleep in 

aphasics improving in comprehension and production of speech a.s 

compared with those who a re not improving. Feldrnan and Dement 

(1968) deprived subjects of !<.~1 sleep for one night and of non-

RiH sleep for another night and required them to perform a s erial

anticipation learning task either before or after these nights. 
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They report that R2H deprivation is associated "'rith lovrer savings 

scores for material learned fo11Nring sleep and relearned several 

days l ater , but that non-:\.EI·f deprivation is not. Other investigators 

have reported an increase in the amount of R-2::}1 sleep following 

the wearing of distorting spectacles, an observation l ending 

considerable support to the hypothesis that the RL11 stage is 

involved in learning , and specifically in this case in perceptual 

learning (Zirmnerman. Stoyva , and Hetcalf , 1970). A different kind 

of evidence is pr ov-ided by Fe:inb01~g and ~·:varts (1969) Hho carefully 
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trace changes with age in certain sleep variables. For example, 

they report that the total amount of sleep, and the amounts of 

R2!1 sleep and slow-vrave sleep change relatively little during the 

mature years, compared to the chanees ;.;hich occur during childhood 

and old age. They hypothesize that these sleep variables " •• • reflect 

brain processes vlhich underlie such cognitive activities as 

information acquisition and retrieval. 11 (1969, p. 336). On the 

other hand, such variables as the high-voltage component of slow

wave sleep, and the frequency vTith -v:hich sleep is interrupted by 

waking change appreciably dtu-ing maturity, and these authors 

consider that 11 ••• they might be related to those brain processes 

which underlie intellectual poH•:::sr as manifested by problen-solving 

and creativity, or general plasticity, t>.S reflected by the ability 

to acquire langua;;es or complex psychomotor skills." (pp. 336-337). 

There is also sone evidence from studies involvin~ animals. 

Stern (1969a and b) reports that fiv•d de>.ys of R~~I deprivation 

impairs the acquisition of active a nd passive avoidance tasks in 

rats, and that this i lllpairment can be attenuated by the administration 

of drugs which potentiate the action of norepinephrine in the c entral 

nervous system. This tN.nsu.d. tter substance is thought to be crucial 

for the normc-.1 development and regu.la.tion of RbH sleep (Jouvet, 1969). 

Similarly, Fishbein (1969a, b, and c) has postulated a very specific 

f1L'1ction for R.ii;N sleep, namely, that it is a mechanism t'lhich secures 

and maintains inform..3. tion fo r long~term rnemory stores. This author 

relates his vievr of Rii:H sleep to cu:n·ent theoretical speculations 

on the nature of me1nory, >oJhich sugges t that cert ain neural 
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transmitters play a vi tal role in both its formation and m .. ~intenance, 

and postulates that deprivation of RD~l sleep could deplete thes e 

transmitters . He reports that n:d.ce deprived of R3H sleep between 

the learning and testing phases of a one-trial pas sive avoidance 

task showed amnesia for the initial l earning , unless they are als o 

perm:i tted to r eco-ver from the loss of R:i.11 sleep. Inferring from 

this result that the memory trace had not dissipated completely, 

but Has held in labile form during the period of REH deprivation, 

Fishbein postulated that el ectroconvulsive shock should disrupt the 

memory trace of one-trial passive avoidance training if the mice 

v-rere REl'l deprived , but not if they Her e permitted to sleep norrr.a.lly. 

Experimental findin3s confirmed this possibility. 

The various cognitive theori es of sleep, supported by 

evidence like that cited above , s eem to presently be the most 

popular , and to generate tha most r es earch. By no r1eans , hoHever , 

do they exclude acceptance of one or several other theori es. For 

example, the vie-vi t hat Il2H sleep plays a role in the development 

of the f et.?..l and infant nervous system is quite compatible VTith any 

or all of the coznitive theories. There need not be a single function 

of sleep, or even tHo, one for e.:J.ch of its tvro stages ; it is quite 

possible tha t sleep s ervas many functions. 

Qoprivat1on~nd 3leep 

The previous sections of this chapter have dealt Hith 

studies ''rhi ch investir;a t e s ensor y deprivation and sleep independently. 

This f inal s ection >-rill r evie-:..r the very f e•:J studies i n \·rhich an 



attempt is made to study the interaction bebreen these two. 

Kripke and O'Donoghue (1968) isolated five subjects in a 

dimly lit soundproof chamber for 36 hours. Subjects were 

31 

permitted eight hours of sleep in the first twelve hours, but were 

asked to stay awake for the final 24 hours. They were w1able to do 

so, and instead fell asleep repeatedlJr in a cyclic pattern 

resembling the periodj.ci ty of R£:,'11 occurrences during noctu-rnal 

sleep. The authors interpret this finding as demonstrating the 

persistence during wak-lng hour s of a biological cycle previously 

identified only during sleep. In another experiment (Van der Kolk 

and Hartmann, 1968), subjects tmderwent either three or five hours 

of perceptual deprivation im:-nediately before going to sleep. This 

treatment produced no significant changes in sleep variables , but 

there was a tendency toward increas ed D-time (Dream or RI~1 time) 

and D-percent , and a decreased D-latency. Several investigators 

at Tohoku University in Japan have also examined ilih records from 

subjects isolated for 4-3 hours ( Nage.tsuka c..nd Kokubun, 1964-), for 

24 hours (Sato and Kokubun, 1965), and for 18 hours (Ohyama, 

Kokubun, and Kobayashi, 1965). One minute of GSG was recorded at 

fifteen minute intervals throughout these deprivation periods, and 

similar r esults ~.;era reported for all three experi ments. The Gi!X.l 

records typically showed a predominance of high amplitude middle 

slow 1vaves throuGhout, with extre~lties of arousal waves and sleep 

waves appearing infrequently. These r esults are difficult to 

interpret since these experimenters did not record continuously 

from their deprived subjects, and us ed a method for classification 



of Eli'G records Hh.ich is obsolete as it Has developed before tho 

discovery of RE!1 sleep. 

Finally, after the present study was completed, a similar 

study was reported by Steinberg and Russ o (1970). These authors 

confined ten subjects in groups of b-10 or three for 21 days. No 

attempt was made to perceptually deprive thes e subjects , but their 

task activity and recreational material was minimal, and they had 

no outside contact, so their environment was certainly monotonous 

and borin~ . EJG recor ds were obtained for the first three days 

(days 1-.3), the middle t hr ee days (days 10-12), and three days 

toHard the end of confinement (days 18-20). In addition, recordings 

·v-rere made of three baseline nights prior to, and three nights 

following the confinement period. All of these polygraph records 

were classified by a system vary similar to that us ed in the present 

study. 

The results obtained , with the figures in parentheses being 

percentages of 24 hours, are as follo•v-s : (i) Total daily sleep time 

for each subject had a mean of 10 • .34 hours during the first three 

days of confinem,::nt , and s ubsequently decreas ed to 9.21 hours during 

days 10- 12 and to 8.6.3 hours for d8.ys 18-20 . (ii) Stage "D1 values 

increas ed from a mean of 21.1 minutes (1.5,'b) for days 1-.3 to 29.2 

minutes (2.0;b) for days 10-12 , and then r emained r elativel y constant 

at 28 .1 minutes (2.0;6) for days 18- 20. Preconfinement measures were 

lower than any of these at 17.5 minutes (1.2;£), and postconfinement 

measures higher at 32.6 minutes (2.3;;)~ (iii) St age III time , both 

during and after confinement, di d not change appreciably from 

.32 



preconfinement values. (iv) The mean amount of time spent in stage 

I REH was 102.1 minutes (7 .1~) before and 83.9 minutes (5.8;,;) after 

confinement. During the first three days of isolation, this stage 

occupied 172.8 minutes (12.0~), dropping to 137.3 !l".inutes (9.5~) 

for days 10-12 and then remaining relatively unchanged at 133.2 

minutes (9.3}~) for days 18..20. 
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It is unfortunate that these authors cho;; e to average their 

data over three day periods rather than present the results obtained 

on each separate day. The calculation of an average value inevitably 

involves some loss of information , and this loss is especially 

regrettable for days 1-3 of confinement, since it precludes any 

knoHledge of t he changes >-rhich r>right be expected t o take place during 

the early part of the isolation period. It is obvious that the 

experiJ'llental conditions devised by Steinberg and Russ o differ 

considerably from the perceptual deprivation situation us ed in the 

pres ent stud_y . Neverthel ess , the two have enough elements in common 

to vra rrant a comparlso;1 of the results obtained. A detailed 

comparison ·Hill be delayed until t he discussion section, after a 

revievl of the results obtained in the present study. 

At the moment, then, there is virtually no detailed 

infortl'Jr::t tion available about the sleep of subjects exposed specifically 

to a perceptual deprivation environment. Eany questions occur: Hight 

deprived subjects sleep more than norlT'.al, or do they maintain a normal 

cycle of sleep a.nd wakefulness ? Could deprivation cause them to 

sleep less? Regardless of a.ny changes in total amount of sleep, is it 

possible that dep!'ivB.tion co1_1ld h.e.ve s elective effect s on one o1· 



sever al of the various sleep stages ? 

The pres ent study attempts to provide sorr1e answer s to these 

questions , and to r elate them to theories of sleep and of deprivation. 



Subjects 

CHAPTER 3 

PROCSDURE 

Eight adult hu.111ans, seven male and one fem<1.le , bebreen 

the ages of 21 and 27, served as subjects . 

Appara tus 

The deprivation environment used v1as similar to tha t 

described by investigators at HcGill (Bexton , Heron, and Scott, 

1954). The audiometric room ·H·hich served as the deprivation 

chamber ;.1as manufactured by ~ckel Industries of Ho1·risburg, 

Ontario. Its inside dj_mensions -vrere 4 1 0" by 7' 4 11 by 6 1 8 11 

high , l arge enough to snugly hold a single bed. This, as well 

as the other apparatus contained in the deprivation chamber , can 

be seen in Figure 1. Two hooded 40 v1att bulbs supplied light ; 

during deprivation, as measured through the subject's mask, the 

intensity of the light \-ras 1.2 log foot lan1berts. All inner 

walls of the room were painted gloss i-rhi te to r eflect well. 

A speaker whtch supplied 80 db. white noise from a Grason-

Stadler model 901B noise generator was attached to the ceiling 

above the heads of the pl:'ono subjects. Com..111unica tion betvreen 

subjects and experiment ers was via a t wo-way systerr1; the subject 1s 

microphone inside the chamber ;.ras suspended about three f eet 
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FIGURE 1 

Diagram of a subject in the dep:dvation chamber, shoHing 

his mask, cuffs, and EEG electrodes. The positions of the 

chamber microphone, white noise speaker, communication speaker , 

chamber lights , and ventilation f an are also illustrated . {After 

Heron, 1957) 
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above his chest, vThile his speaker vras mounted on the window 

wall of the chamber, slightly above and to the right of his 

head. The temperature of the chamber was kept at a level which 

was comfortable for the subject by an airconditioner connected 

to the intake fan of the chamber ventilation system. This 

temperature ranged froPl 68 to 74 degrees for the various subjects. 

During deprivation, subjects wore masks which permitted 

only w1patterned visual stimulation. These were constructed of 

draughtsmans tracing paper cemented behreen two sheets of clear 

flexible plastic, and were padded around the ~Jges with foam 

rubber for comfort and to minimize light leaks. They were held 

on with elastic around the back of the head. To restrict tactile 

sensation, subjects wore heavy cotton gloves and cardboard tubes 

extending from the elbo·..r to beyond the finger tips. The tubes 

were secured Hith elastic ties arow1d the wrists. Clothing was 

left to the discretion of the subjects, \·Ji th the restriction that 

it cover arms and legs. 

Lavatory and ·Hashing facilities vTere available in the 

same room which housed the deprivation chamber , so that subjects 

were never 1•equired to leave this one room. 
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The electrodes used were chlod.ded silver discs covered 

with felt pads. These were filled vlith a co!ll.lnercially available 

electrode cre.!!..m, EKG Sol, and B.ttached to the scalp Hith collodion. 

The International Federation 10- 20 system of electrode pla cements 

was us ed (Jasper, 1957), and the follo,~ng electrodes applied, 

all loc.ott ed over the right hemisphe1·a : Fl..'- (frontal), C4 (central), 



T4 (temporal) , P4 (parietal), and 02 (occipital). For two 

subj•::lcts, either F4 or T4 v.ras dr opped in order to rec·:>rd from 

the occipital area of the l eft hemisphere (01). Recordings were 

monopolar with reference to the right ear (A2), or, in the case 

of left henusphere placements, with refer ence to the l eft ear (Al). 

An electrode applied to the vertex (Cz) s erved as ground. In 

addition, an electrode was fixed at the outer canthus of each 

eye to provide a bipolar r ecord of eye movements (electro-oculogram 

or EOG), and b fo additional electrodes approximately one em. apart 

over the submental muscles gave the electronzyogram or BI·D . 

Honopolar Ji:EG der iva tions and bipolar :C:OG and E?·1G were 

recorded on a Grass model 330 P 8-channel polygraph, and from 

there were f ed to an Ampex m::>del SP 300 7~cha.nnel tape recorder . 

The ~1D rras not recorded on tape since the seventh channel was 

needed for voice. A Tektronix 502A dual beam os cilloscope was 

available for monitoring of the SED as i t vras r ecorded on tape . 

Procedure 

A Scraenino.; Procedures 

Volunteers for the deprivation experiment were asked to 

come into the l aboratory for an initial intervieYT with the 

experi menters . Almost all of them had some misconceptions about 

the experiment , so considerabl e car e -.ras taken to inform them of 

its exact nature before procaeding any further . Since another 

aspect of this experi mental progrant concerned the alph~ rhythm 

and its changes du:dng deprivation, short recording sessions to 

)9 
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este.blish whether or not volunteers were alpha producers ~>rcre 

usually also ru.Yl at this initial meeting. Only those volunteers 

shovdng a strong occipital alpha rhyt~m were accepted as subjects. 

Once it had been established that the volunteers 1o1ere alpha 

producers and vrere still ·Hilling to serve as subjects, they were 

asked whether they 11ould undergo d eprivation for four days or for 

seven days, and were told that the pay scale was $20 per day. In 

addition, they were informed that they vrould be required to sleep 

in the laboratory for three nights prior to, and three nights 

immediately after the depriva tion period. $10 per night vras the 

rate for these additional nights. Since the depriva tion period for 

a 4-day subject actually lasted for four days and five nights, he 

would earn a total of $150. Similarly, a 7-d.ay subject \-Iould earn 

$210. 

Before their final l'.cceptance as subjects, volunteers were 

asked to undergo further tests and intervimm, including a physical 

check-up by a doctor, an interv1eH 'Hith a psychiatrist, and an 

HMPI administered by a clinical psycholoe;ist. DBpending, of cotu•so, 

on favour .abl => repo:.•t s from these three, the date was set for the 

first night's sleep in the labora tory. 

B E,r_!!- an,.S!...f.s!stdepd.va tion Slee.l?~ 

Procedures vrere identical for the three predepriva tj.on and 

the three postdepriva tion sleep nie;hts. Subjects arrived in the 

labora tory approximat ely one and one-half hours prior to their 

nor:nlfl.l b edtimes , h<J.Ving abs tained fron1 excess coffee , t ea, or 



alcohol. On the first night of the three predepriva tion sleeps, 

the subjects 1 heads ;.rere measured and the placement of the 

electrodes was marked. Small patches of hair about one-quarter 

inch in dia.meter vrere cut at these spots to promote good 

electrical contact with the scalp. All ~lectrodes were 

moistened vrith a cor.1.mercial non-irritative t:BJ paste and fixed 

to the skin "Hith collodion. 

On these pre~ and postdepriva tion nights, subjects slept 

in the sarne audiometric chamber that ·Kas us ed for deprivation. 

The cha.mber wa.s illuminated by a. s:1.ngle 40 ;.mtt bulb aimed at 

the ceiling, so that the experimenter could observe the subject 

while he slept. This single bu1b provided a light level of .6 

log foot lamberts. 

Fifteen nrl.nutes .before retiri11g, sub jt)cts tv ere given a 

sweet drink, which was usually l emonade or orange juice, but en 

occasion was coffee, tea , or milk if the subject requested one 

of these .and ;.ras in the habit of drinking it before going to bed. 

At least tvro level teaspoons of sug3.r t·Jere added to the drink, 

enough to ra.isE"~ the blood sugar level to the high end of the 

normal range. This precaution Has t a ken against the possibility 

that several hours of food deprivation, >vith the resulting drop 

in blood sugar, wotud affect the alpha frequency. 

Before the subject settled do-vrn for sleep, a s eries of 

eyes open and eyes closed r ecordings were taken , and re-cordt:;d on 

tape. Preceding these , the subject ;.ms asked to do s e:voral simple 

mental arithmetic problems (eg . 21} divided by 6 times 5 plus 7) 
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or, al terna ti vely, some counting ( eg. count backvrards from 67 

by 6 's). This procedure -v1as used to ensure a relatively 

comparable state of alertness during all such eyes open and eyes 

closed recording sessions. 

During the night a continuous paper record of the subject's 

E:EG, EHG, and i OG >·Jere taken on the polygraph, -vrhich ran at 15 mm. 

per sec. In addition, frequent samples were recorded on tape. 

In the morning, at the time he had requested, the subject 

was a•·m.kened by the experimenter. For all subjects, the times 

requested were betueen 0730 hours and 0800 hours. After a-..rakening, 

subjects were gi van another S'\oreet drink, and, fifteen minutes 

later, after the usual mental arithmetic or counting, a second 

series of eyes open and eyes closed recordings were taken. The 

subject then got up, the electrodes -vrere removed, and he v1as free 

to leave the laboratory. Subjects were asked to refrain frotn 

sleeping outside the laboratory, and to report any deviations 

from this request. 

C P.~p:rivat=b_~ 

The deprivation period started at the subject's usual 

bedtime, so that the preparatory routine 'Yras exactly the same as 

it was for the pre- o:r. postdeprivation sleep nights, with the 

exception that the subject Hor o mask, cuff:::, and gloves, and 

listened to >-.rhite noise in the chamber. Before retiring, subjects 

were assured that an experimenter wouJ.d be pr esent in the room at 



all times durj_ng the deprivation period, and would attend to 

their needs on re-quest. The subjects were reminded that they 

were under no obligation to stay in isolation for the entire 

period if they -vlished not to; they had only to clearly state 

that they -vmnted to end the experiment for it to be ended. 

Heals ·were regularly given the subject at approximately 

8 am., 1 pm., and 7 pm. No attempt was made to extend sensory 

rnonotony to the diet by permitting 011ly bland foods. As far as 

was possible, subjects were given foods tha t they had previously 

stated were their normal fare, or i'Thich they enjoyed. At meal 

times, subjects were permitted to s moke, and usually ••ashed their 

hands and faces and brushed their t eeth a s vTell. Routine checks 

/.JJ 

of electrode resista nces \<iere made at every meal; all electrodes 

were filled with paste or r epla ced as necE:s s ary. Subjects vrere 

encouraged to r eport any drea ms they rem ~mbered; these were recorded 

by the experimenters. 

Before and after ee. ch meal, an eyes open - eyes closed 

session ' ' as run and taped in order to track the changes in the 

alpha rhythm. Ah;ays before a meal, and fifteen minutes before 

the eyes open - eyes closed session, subjects ·1-1ere given a st.;eet 

drink. 

Meals and trips to the lavator y constituted the major 

interruptions in the deprivation experience ; others included 

the r eplacing of h..i.gh resist.nnce electrodes e.nd the retrieving 

of fallen pillo"Hs. All together, these interruptions occupied 

an avera ge of 3.5 hours out of eve1·y b -Ienty- four . 
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Except for these ).5 hours, the polygraph ran continuously. 

Subjects ·v.rere encoura ged to report the occurrence of any visual 

imagery they experienced, and the ongoing i£.$ was taped during 

these phenomena. 

At the end of the deprlvation period, St1bjects caMe out 

of the chamber at the usual breakfast time, but instead of eating, 

'\oTere settled in a chail• prior to removal of their masks. They were 

asked to provide the experimenters with a running co~nentary on 

vrhat they sa-vr, how they felt, and so on, after the mask was removed. 

In addition, they >-Tere asked to -vrrite an essay describing their 

experiences during the deprivation period. 

D Zrxi Analysis 

The polygraph records •mre visually analysed in to the 

follo...,"ing categories: A-vm.ke, Stage I sleep, Sta.ge II sleep, 

Stage III sleep, Stage IV sleep, and Stage I RiDN sleep. This 

is the classifica tion system prO}>OS ed by Dement and Kleitman 

(1957) and, for the most part, their definitions of the various 

stages vrere used as Hell. These are as folloioiS: the essential 

characteristic of ~:_~l is an absolute lack of spindle activity. 

In general, it is a lou voltage, relatively fast pattern; any 

activity betvreen full vra" kefulness and the appearance of spindles 

is included in stage I. ~...11 is characterized by the presence 

of spindle activity "rith a lovr voltage backgro1..md, including a 

s~all amount of slo>-rer acti vity in the 3-6 per second r a nge. 

K-complexes occur in this stage. Stag_e II+_ j_s an inter!l!edia te 



stage characterized by the appearance of high voltage slow waves 

with some spindling superimposed. For borderline cases , records 

with an average of less than bTo Haves over 100 }lV. and 1-2 hz. 

or sloHer in ten seconds are assigned to stage II. Records vrith 

more than half ove!' 100 gv. and 1-2 hz. or slower are assigned to 

Stage Dl e Stage I Ri.!:}1 , as the name implies, is characterized by 

a stage I SEG in conjunction vTi th episodes of rapid eye movements. 

The submental Er1G is also depressed during this stage. 
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Several of the modifications of this classifica tion scheme 

proposed by Rechtschaffen and Kales (1968) were found to be helpful. 

For example, the present investigators felt t h.'>. t activity that 

clearly was stage I but for the occasional brief low a mplitude 

spindle or K-complcx was more properly classified as s tage I tha n 

stage II. Accordingly, the criterion suggested by Rechtschaffen 

and Kales (1968) to deal idth these borderline states ·Has adopted; 

prov-ided tha t the spindle burst or K-complex clid not exceed 0.5 sec. 

duration, its inclusion in stage I was justified. Also the 

amplitude cr iterion for stages III and Dl was lowered from 100 pv. 

to 75 gv. by these authors . Since i-v'aYes of 100 p.v. were not commonly 

seen e'\ren in the r ecords of s tage rv sleep during the present 

experiment* poss ibly becaus e a reference electrode i psilateral to 

the active olectrode was used, the 75 pv. criterion >ms us ed. 

&.ch pae;e of the polygraph record , represent ing 20 s ec., 

v1as assigned to one of these categori es. In addit i on, a further 

breakdown of stage I RS!:! sleep into pertods 1-rith and >vi thout eye 

movements, na1ned , r especti veJ.y, RC:H sleep and NN sleep ( fol' ~.0 
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Huscle activity), vias made. Following this page by page analysis, 

the amount of time spent in each E$ stage >-ras converted to e. 

percentage. For deprivation, these percentages were calculated 

over 24 hour periods v;rhich extended from 0800 hours to 0800 hours. 

In the case of the pre- and postdeprivation sleep nights and the 

first night of deprivation, percentages were also based on 24 hour 

periods. 

E Reliability of .2::20 Ana1ys.~.~ 

Since all of the polygraph records were scored by one 

individual, it v1a.s necessary to have some measure of the reliability 

of this individual 's analysis. Accordingly, for each of the eight 

subjects, 50 pages which had been assigned to each of the 

stages by the first individu?.l "YTere randomly s el ected for rescoring 

by a second rater . Thus, 2400 pages Here reans.lyseG., and these 

pages compared fo r agreement or disagreem·:mt between the t'Y1o raters. 



CEAFT m lj. 

R~ULTS 

The comparison b et wEJen the analyses of the hro individuals 

who rated the poly~raph records Ni1.l b e pres r:mted first, followed 

by the experimental r asults. 

Table 1 shoHs , on the diagonal, the number of pages 

independently r ated as belonging to the s ame S0J s tage , and for 

each stage express es this nu.:nber as a percentage of the total 

pages rated. It can be s een that the ~grecment behreen the hro 

raters is excellent; the tot~l number of pages sindlarly rated 

was 1988 out of 2 LI-O O, or approxima tely 8),:6 . This co:-1sistency 

wa.s not unexpect ed , since Honroe (1969) ha s s hovrn tha t the scores 

of 28 differBnt ra ters for a single sleep r ecord also agree 

relatively -vrell, though thes e i ndividuals are from 14 diffe r ent 

laboratories . 

Fi gures 2 to 7 and Tables 2 to 8 r epresent the a mo1.mts 

of time , expressed a s percantages of 24 hour periods , sp9nt in 

the various ~d:;. stages by all subjects . These -..rill b e dealt Hith 

in turn. 

Figure 2 and Table 2 shoH the time spent in the awake 

state, the 7-day group b eing on the left of the fj_ ~ure and the 

l~-day group on the ri:;ht . During the predep:rivation period, 

subjects spent an average of 72 .o ;~ of each day aHake , and , 



TABL:i; 1 

Comparison beh;een ratin:rs of t wo individual s fo r 2400 pages of 

S~'J r ecords . £(umbers refer to the total par:;es sirrd.larly or 

dissimilarly rated . 

St. I 

Awa.ke 

J80 
2.51 

18 

St . I ? ;;:! 2 

St. II 

3t . III 

St . I V 

RAT.i:2t i ~ m m.:,"R 1 

St. I St. I Rl:,'J.I 

76 2 

296 6 
?Lr:~ 
~ 

19 J82 
~ 

9 10 

st. II St. III 

1 

25 

6 1 

J42 6J 
861'~ 
.;;..:;;.;.;;. 

~5 260 
6t; ·- ~ 
~ 

1 '/'d 

Total number of p2ges sindlarJ.y rated : 1988 or e3;·;. ---

48 

St. n 

2 

70 

J23 
82:::) 
--J.:.. 



FIGURE: 2 

Time spent in the awake state by each subject, as a 

percentage of 24 hours. 
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TABLE 2 

Ti~.e s pent by e a ch sub,] ect i n the e.,·:al:<:~ ste.te, a s 11. percent a~e of 211 hours . 

Pre det:~s . Deur i vat ion Pos t de -ps . 

Sub,j ect l 2 3 Nt .1 1 2 l 4 2. 6 l 1 2 l - - -
D. G. 711. 3 71 . 5 73 . 2 75. 2 50. l+ 56 . 3 611 , 8 63.1 66 . 2 6h. 9 67. 8 76.6 74.2 76.1 

T. S. 74.0 71. 9 69 . 7 81. 9 57.h 62, J1 75 . 5 67. 1 76 . ll 63. 7 72 . 0 79 .1 76. 3 69 . 8 

P. H. 75 .2 70. 0 72 .1 85.3 47. 4 6l.l, 7 70. 7 611, 8 6h .1 64. 3 73 .1 69. 9 69. 0 68. 8 

I . 'l' • 76.1 75 . 0 77 . 9 76. h 56.1 83 .0 r; 3. 4 711 , 11 70 . 2 75 .6 65.2 69 .6 69 . 6 69. 2 

!'I! • B • 72.6 70. 2 71.3 74. 7 36 . 2 51. 0 62 . 9 75. 2 78.3 73 . 5 73 . 4 

P. C. 71. 8 69 . 2 69 . 4 72.0 52 . 4 60 . 2 63. 8 71. 7 71 .0 68. 8 66. 4 

H. P. 71.1 70. 3 69 . 7 81.4 51. 0 56. 7 61 .11 65.6 711, 5 71. 9 69 . 8 

D , !v~ , 73 . 8 66 . 3 72.1 69 . 8 '·15. 7 )l.h 70. 7 81.5 70 . 6 72 .6 

Average 73 .6 70. 6 71. 9 77 .1 49.6 60 . 7 66. 7 68 . 8 69. 2 67.1 69 . 5 75 . 1 71. 7 70. 8 



consequently, slept for 2S.o; . For the postdepriv.ation period, 

these values were much the sar11e , and represent a normal night 1 s 

sleep of approximately seven hours. 

Generally, subjects also slept a normal amount on the 

first night of deprivation. Three subjects ( T .s ., P ;w., and 

W.P.) sho>·Ted small elevations in the time a~<-Take on this first 

night; that is, they slept l ess than a normal amount. On day 1 

of deprivation, the time ay.rake dropped quite sharply, and on 

the average, subjects only remained awake for 50% of the time. 

As deprivation progressed, there was a gradual recovery from this 

excess ive sleep and a r eturn to the normal amount of awake time 

by day 3 or 4. For the additional deprivation days undergone 

by the ?-day group, the awake time remained relatively constant, 

sho~,.;ring no systenatic tendencies tNmrd further increas es or 

decreases . 3ubject I. T. was the sinc_sl e exception to this pattern. 

He slept very poorly on the third night of deprivation, and this 

is reflected in the high value for aHako tine on day 2 and in the 

general irregularity of the entire graph. 

Most of th.is extra sleep time early in deprivation appear::> 

to have been spent in stage II, vThich is plotted in Figure 3 and 

Table 3. Normal values for this stage, obtained on the three 

predeprivation nights and expressed as percentages of 24 hours, 

avera ge 13.5;~ ; that is, a1.::lout three hours out of every 24 '1-ierc 

normally spent in stage II. Values for the three postdeprivation 

nights Here very s i milar. The mean amount of time spent in stage 

II i-Ias 12 .o;s of 24 hours. On the first night of deprivation 



FIGUR~ 3 

Time spent in stage II sleep by each subject, as a 

percentage of 24 hours. 
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TABLE 3 

Tine s:pent b:r ea.ch subject i n stae:e II sleep , as a. percente.ge of 24 hou!'s. 

Predens . Denrivation Postdens . 

Sub;iect 1 2 l Nt . 1 1 2 l 4 2. 6 1 1 2 3 

D. C. 13.1 111 .7 11+ . h l? .1-+ 27 .5 211. 8 19.9 18 .3 18 . 0 17.8 18 . 2 9 .5 12.3 11.9 

T. S . 13 . 5 14 . l+ 17 .5 ll.8 23 . 9 17 . 6 12.8 19 . 5 10 .3 21.2 13.9 10 .1 12 . 0 12 . 2 

P . H. 12 . 9 13 . 8 10 . 1 7 . 5 33 . 4 22 . 6 13 . 0 17 . 1 18 . h 18 . 4 11 . J.! 10.3 12 . 9 15 . 8 

I.T. 9 . 5 10 . 6 8 . 1~ 11.9 23.2 1.? 20 . 3 9. 4 11 . 2 9 .1 13 . 2 13.3 12 . 0 10 .7 

~·1 . R . 15 . 5 16 . 0 13.0 15 . 7 ::38 . ) 31.0 21 . 1! 12 .7 8.9 11.7 11.2 

P . C. 12 . h 13 . 1 15.3 15 . 2 25 . 7 20 . 2. 17 . 1 13 .7 12.7 13 . 1 13.0 

'd . P . 14 . 0 12 . 9 16 . 5 12.h 31.0 22.6 20 . 7 14. 4 11.2 12 . 1 13.5 

D. M. 9. 6 1.14 • 0 17 . 8 21.8 35 . 3 27 . 8 17 . h 8.5 1 1 ~ . 5 111 .0 

Average 13 . 6 29 .8 21 . 8 17 . 8 15 .0 14.5 16.6 14 . 2 10.6 12 . 6 12. 8 



individual subjects shovred s mall changes either up or do't-Tn from 

their baseline values , but thes e were not consistently in the 

same direction. Generally, night 1 seemed much the sa.me as the 

pre- and postdepJ:•ivation nights; a mean value for stage II of 

13.6% v1as obtaj_ned . Day 1, hoi·rever , sho,,..red a large increase to 

levels vmll above bas eline for all subjects, with the mean value 

bein~ 29.8%. Restated, subjects spent an average of 7.2 hours 

in stage II sleep on the first day of deprivation, roughly two 

and one-half times as much as they did normally. On the 

folloHing days of the deprivation period, stage II values 

systematically decreased until they r eached baseline levels by 

day 3 or 4. For the ?-day subjects, these baseline values Here 

maintained relatively cons tnnt until deprivation was term .. i..na t ed . 

This stage II pattern of day 1 increase , gradu.al decrease, and 

subsequent l evellinc; off parallels q1.ute precisely the changes 

occurring in time spent awake . Again, the failure of subject 

I.T. to show this pattern is attributable to his extremely 

res t less night on clay 2. It is interesting to note that subject 

D.G., although showing the typicctl pattern, did not retu!'n to 

b~seline l evels late in deprivation, but instead maintained 

stage II at a sligi1tly elevated vo.lut3. Consistent vrith this i s 

the finding that this subject did not rBh<rn t o baseline amounts 

of aHake tiw:3 either . Rather , he consistently spent slightly 

less than his baseline amount of time awake dm·ing the l ast four 

days of deprivation. 

Changes in staga I sleep are shoHn in Figure l.J- and Table 4. 
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FIGURE 4 

Time spent in stage I sleep by each subject, as a 

percentage of 24 hours. 
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D. G. 

T. S . 

P.H. 

I.T . 

t:1. R. 

P. C. 

H. P. 

D. r< . 

Avero.""e 

TJ\BLE 4 

'l'ime s:pent by er.ch subject in st8c:e I sleep , as n percentage of 2~ hour s. 

PredeT's , 

1 2 

2 .1~ 1. 0 l. 4 

2 . 6 2 . 1 1.3 

2 . 1 . 8 1.3 

3.1 ;_:> , Ji 2 . 7 

1.5 1.6 1.3 

2 . 8 3 . 6 ? . 2 

2. 9 3 . 2 2 . 8 

2 . 3 1.5 1.3 

2 . 5 2 . 0 1. 8 

DP.uri vat ion 

I~t . 1 1 2 l 6 l 

5 . 3 4. 9 4. 8 5. 4 4 . 8 5 .1 3 .1 

1 . 3 5 . ~ 6 . 5 3.1 2 . 3 2 . 0 2 . 3 1 .7 

1 c· . :; 5 . 1: 5 . 1 5 . 9 6. 8 5 . 8 5 . 6 L . 1 

2 . 2 8 . G h. 9 3 .l1 6 . l~ 5 . 9 3. 7 6 . 1 

2 . 5 7 . 7 6 . 3 5 . 8 5 . 2 

3. 5 5 . 3 7 . 9 ? . 5 10 . 0 

l.A 5 . 2 5 . 2 3 . 8 

2 . 1, 6 . 2 5 . e 5 .J1 5 . 7 1~ . 6 1, . 2 3 . 8 

Postde))s . 

1 2 

1.0 1.0 1.3 

1. 8 1. 2 . 9 

1.3 . 7 1.3 

.3 .11 l. 2 

1.2 1.6 1.9 

1.9 2 . 8 3. 3 

1.8 2 .1 4. 0 

1.3 1.6 1.5 



The amou."lts of time spent in this stage were much the same on 

the pre- and postdeprivation nights; mean values were 2.1% Cl.nd 

1.6% respectively, indicating th?..t approximately 30 minutes out 

of 2iJ. houra -vras typically spent in stage I. Values obtained on 

the first night of deprivation were consistent with these 

baseline l evels , the mean for all subjects b eing 2.1~~. During 

the rest of the deprivation period, r•1ost subjects tended to show 

a small and relatively constant increase in stage I time • 

.!£xceptions are subject T.S., -vrho showed an early increas e and 

then a decrease to approximately baseline l evel, and su':lject 

vi . P., who sho-...red a linear increas e in this stage as deprivation 

progressed. On the whole, ho·...re·.,re:r•, staga I time appeared to be 

increased on the first day of depriva.tion to a level that >-ras 

two and one-half to three times baseline and to be maintained 

at this level throughout . That is, the normal 30 minutes of 

each day tha t vras spent in stage I >-ras increased to 75 - 90 

minutes during deprivation. 

The effect of deprivation on sloH-Have sleep, or stages 

III and IV, -vrill be dealt Hith next. Figure 5 and Table 5 sho,,r 

stage III. The a mounts of time spent in this stage during the 

pre- and postdeprlva tion periods 'iJere very similar. The mean 

value for both of these was 1.4-;"b. There Has virtually no chanr.;e 

fror1 the bas eline level for any zubje ct on the first night of 

deprivation, nor during the subsequent days. 3tage III appears 

to b e 1:1.aintained at normal levels dur in&; the entire d eprivation 

period, as can be se·':ln in T<1 bl e 5. S tP.ge IV sleep is sho1,111 in 
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FIGUR~ 5 

Time spent in stage III sleep by each subject, as a 

percentage of 24 hours. 
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E~ub.ie ct 

D. G. 

·r . s . 

F. H. 

I . T . 

T·. ~ . R . 

P. C. 

Vl . P . 

D .I<. 

Average 

TABLE 5 

'rir.'.e SI-Jent by each subJect in sto.,n:e III sleep, as a percentar.::e of 2l~ hours . 

Pre deps . 

, 
..1.. 

1.? J..l 

1.3 . 7 

1.2 1.2 

1.2 ? . 2 

l 

. 7 

.6 

') ':) 
C. o ..) 

l.G 

1.5 1.9 l.h 

1. 8 1.5 1.8 

. 5 . 9 .B 

2 . 6 2 . 1 1.1 

L l.~ 1.5 1.3 

Denrivo.tion 

I'!t .1 l 2 6 1 

1 . 1 4 . 3 2 . 2 1 . 5 l . G 1 . 0 1 . 6 2 . 2 

l . l 2.3 1 . 0 1 . 0 1 . 6 1 . 5 2 . 0 2 . 6 

1.2 2 . 0 2 . 3 2 . 0 1 . 7 2.1 1 . 9 

2 . :3 . 9 3 . 0 1.7 

.n 2 . 3 1.3 . 8 1.1 

2 . 3 2 . 7 2 . 5 1 . 5 1.6 

. 3 l . l 1 . 1 1.2 • 7 

. 4 . 5 J, . ' . 2 

1. 8 ,.... 0 
c. • ./ 

2 . 2 

3 . 0 

1. 2 2 . :? 1.5 J.. )l 1.5 1.6 2 . 1 2.5 

Postd.eDs . 

1 2 

1.3 1.3 

l 

.6 

• 7 l.l 

2 . 2 2 . 1 2 . 0 

1.8 2 . 2 2.7 

1.3 1.1 l.h 

2.6 3 . 0 1. 4 

1.1 1. 3 

. 1 . 2 

. 5 

.6 

1 )~ 1.5 1. 3 
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Figure 6 and Table 6. As with stage III, there we.s good agreement 

beh:een tho pre- and pos tclepri va tion periods >-nth regard to the 

amounts of time spent in stage rv. The mean percentage f or all 

subjects on the predeprivation nights r,.1a.s lJ-.2 :S , and on the 

td . t• . h~ 4 4~ pos eprJ. va lon nlg" "s , • , ~ . On the first night of deprivation, 

there -vms a tendency for stage IV to go slightly belo>v these 

baseline levels; the average amount of tiriJ.e spent in this stage 

was 2.6;-b of 24 hours. For the rest of the deprivation pel~iod, 

however, stage IV, like stage III, seemed to change very little . 

Individual subj ects sho~wd s~all fluctuations in the amounts of 

time they spent in this stage , but no systemati c change could be 

detected. 

The only sleep stage not ye t reviet~ed is stage I R~·I , 

which is sho1.,'1l in Figura 7 <.md in Tables 7, 8 , and 9. Ahile 

all subjects re:>pond.ed to deprivation with the same general 

pattern of changes in the other sle ep stages , they varied 

considerably Hi th r es pe ct to stae;e I ~?.61:- : . The mean percentage 

of 21-1- hours spent in this stage on the predeprivation nights 

was 6.9;6 , or approxiM-3- tely 1. 6 hours . All subjects sho-...red a 

decline on night 1 of d eprivation, and an increase on the first 

day, possibly becaus e of some rebound effect. After tb.is, ho-.;vever , 

there Has conside r able variabj_li ty. Thus , all 4-da.y subjects 

sho-...red ~' drop in the a mount of time spent in stage I R ~H as 

deprivation progres s ed , and t Ho of the 7-day subjects, T. S . and 

P.'vv ., shoHed this s an e tend ency ea r ly in deprivation. These 



FIGURE 6 

Time spent j_n stage rl sleep by each subject, as a 

percentage of 24 hours. 
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'I'Al~LE (; 

'I'i:ce s:pent by each suu.j ect in P>te.;::e IV slee:p , a s ~. :pe ~cent nge of 211 hours . 

Predens . lJen y- i vn.ti on Postde1Js . 

Snb,iect 1 2 l Et . 1 1 ? ..... h 2.. 6 l 1 2 3 2 

D. G. 3 . 7 7 . 2 2 . 9 5 . 11 3 . 8 3. S) 2 . 6 5 . 7 3 . 5 1~ . 5 2 . 3 5 ,l: 5. 3 5, 11 

rr ... s . 4.6 1~ . h 3 . 13 ') n 
'- . t') 

...., 0 

.) , U 5 . 1 lt . 2 3 . 0 3 . 3 5. 0 5. 1 11. 5 h , ll 5. 4 

P.W. 3 . 6 3. 8 5 . 2 2 . 4 5 . 0 1.3 5. 0 11, 7 3 . 7 3 .7 3 . 8 2 . 6 3 . 3 .7 

I . 'l' . 1 • • 1 11 . 5 h. B 3. ti 2. 8 1. 6 4 . 5 3 . 3 11, 8 4. 0 5 . 2 5. 8 5 . 7 4 . 6 

I'". R . . 7 3 . 8 11 . a 2 . 1 5 . 6 3 . C. )j . 0 )+. 0 11, 5 )j . 7 1 ~ . 2 

P . C. 3 . 8 2. 8 3 . 7 1.3 J. . 7 3. 4 11 .1 3 . 3 h . 7 3. 5 h. 2 

H. P. 3 . 6 5. 2 3. 1 . 3 3 . 7 3 .1 2 . 2 4.8 4.7 4. 6 4. h 

D. t,~~ . 7. 7 7. 0 1. ) ~ 2 . t3 3. 4 3. 1 3. 9 5. 2 ) ~ . 11 L, . 3 

Averar;e 2 . 6 3 .7 3. 2 3. 8 4 ,1 3 . 8 4. 3 h. l 4.7 4 . 5 4. 2 



FIGURC: 7 

Time spent in stage I R.6I1 sleep, and in its b1o 

subcategories , REI1 sleep and NH sleep , by each subject, as 

a percentage of 24 hours. 
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TABLE 7 

'l'irne snent by each sub,ject in stn.r-e I Rm! sleep, as a. percenta.e;e of 24 hours. 

Pre deps . Denrivation Fostd~12.§_. 

Subject 1 2 .l ~- 1 ? l 11 .2. 6 l 1 2 3 

D. G. 5 , 11 )1 . 5 7.3 3 . 3 8. 8 7 0 , u 6 )I 5. 7 6.5 6 .1 6 . 4 6.0 5.9 h. 8 

rr . s . J.l , l 6.11 7.1 1.?. 6 . 7 7. 4 3 .1~ 6. 5 6 . 5 5 . 7 1:. 7 4.1 5. 5 10 . 6 

P. H. 5. 0 10 . 5 9. 1 2.2 6.1 Jl . l 3.3 5. 0 5.9 6.0 5 , 11 13 . 7 12 .0 11.4 

I :r . 6 . 0 5. 4 11. 7 3 . 6 6 . 5 ., ), 
c . • --r 5.5 11 • 7 6 . 2 4.7 7. 3 9 . 3 10 . 0 11.6 

~1 . R . 8. 2 6 . 5 3. 2 ! ~ . ? 9. 8 G.7 5.1 1.8 5. 8 7. 4 7 .9 

P . C. 7. J, 9.8 7.G 5 .6 11.6 8.1 6 . 7 5. 7 7. 1 8. 7 11.7 

'!J . P. 7. 8 7 , ll 7.1 2 . 3 8.0 8.6 5. 0 l: . 5 6 .6 7.9 7. 8 

D . !-~ • 4. 1 9 .1 6 , 1, 3. 3 10 . 0 1 ? . 1 ~~ . 0 3.3 8. 8 7 .1 

Aver: age 6. 0 7. 5 7. 2 3 . 2 8. 5 7. ?. 4. 9 4. 8 6 . 3 5.6 6.0 7. 0 8.3 9 .1 



TABLE 8 

Time spent by each sub ,ject in the Ni'1 subcatecory of stap e I REN sleep , as n percentage of 24 hours . 

Predens . pcn:ri vB.t i on Postdens . 

Sub,1ect 1 2 l Ht . l 1 2 l )I 2. 6 l 1 2 l 
D. S. 3 . 2 3 . 0 4.7 l " . - 4 . 1 3.11 3 . 3 2.1 2 . 5 2 . 0 3 . 0 2 , l l 3.0 2 . 5 

rp c 
~ • u • 2 . 2 3 . 5 ) . 0 .ll 2.7 2 . 3 1.1 2.3 1.9 1.6 1.2 1.4 3 . 2 6 . 2 

P.H . 2 . 8 7.0 6.0 1.2 h,4 2 . l+ 1.1 1.9 1.1 1.3 1.3 5 . 9 5 . 1 6.11 

I.T . 2 . 8 2 . 8 2 . h 1.7 2 . 5 0 1.7 1. 5 2 . 0 1.5 1.0 1.9 2 . 5 3 . 1 . _, 

}t! . R. 4 . 6 3 .ll 5 . 3 2 . 2 )~ . 8 2.6 2 . 2 . 6 2 . 5 2 . 8 )~ . 3 

P . C. 2 . 7 3. 9 2 . 2 l.!S )1 . 0 3 .1 2 .1 1.6 2 .1 2 . 7 l~ . 2 

W. P. 4,0 !1 , 8 1. 6 1.3 3 . 2 3. 3 1.? 1.2 3. 8 )1 , 7 4 . 3 

D . !.'T. 1.0 2 . 9 1.4 .G ~?. . 0 ?. . 8 1.0 .3 2 . 8 2.1 

Avernrr.e 2 . 9 3 . 9 3 . 8 3 . 5 2. 6 1 . 7 1. 6 1 . 9 1 . 6 1 . 6 2 . 5 3 . 1~ 4 . 1 



TA3LE 9 

Tir.~e spent by e~.ch subject in the REH subc n.te[':ory of staee I RE!·:l s1ee r> , as a percentae:e o f 24 hours , 

P:redeps , iJeprivatiorc Postdeus . 

Sub ,ie c t 1 2 l l'/t .1 1 2 3 )j i 6 1 1 2 3 

D. G. 2.2 1. 5 2 . 6 1.4 4.7 4, J1 3.1 3.6 4.0 4.1 3.4 3.6 2.9 2.3 

T. S. 1.9 2. ? ? .1 • 8 4. 0 5.1 2. 3 11 . 2 )_. . 6 4.1 3.5 2.7 2.3 4.4 

p T,T 
e I t e 2.2 3.5 3.1 1. 0 2 . 3 1.7 2. 2 3.1 4.8 4.7 4.1 7.8 6.9 5. 0 

I . T . 3.2 2.6 2.3 l.C) 4. c 1.5 3.8 3.2 )+ . 2 3. 2 6 .3 7.4 7. 5 8. 5 

t'c . R. 3. 6 3.1 2. 9 2. 0 5. 0 1.1. 1 2 .9 1.2 3.3 4.6 3.6 

P .C. 4.7 5. 9 5. h h.o 7. 6 5.0 4. () 11 .1 5.0 6. 0 7. 5 

,.l. p . 3. 8 2.6 3.5 l.O 1~. 8 5. 3 3. A 3.3 2. 8 3.2 3.5 

D.J.'i . 3.1 6. 2 5.0 2 . 7 8. 0 9. 3 3 . 0 3. 0 6 .0 5.0 

Average 3.1 3. 5 3. )+ l. 9 5 . 1 1! • 6 3 • 2 3 . 2 1: • 11 4 • 0 J-~, 3 4.5 11 . 9 5.0 



ma.inta in sta p;e I ii. -2'! at a relatively constant level until 

deprivation r,ms terminated . The other t~.-ro 7-day subj ects , D. G. 

and I. T., shorlled virtually no change in this E;tage during 

deprivation . 

Postdeprivation values fo r t his s tage also differed 

>-lidely from subject to subject. Two individuals, P ; .,.; • and I. T., 

sho~,red excessive amounts of stage I J:h .. i ·I on these nip;hts. The 

other bro· '/-day subjects , D.G. and T .3., shol.·red similar values 

for t he pre- and postdeprivation periods, as did the entire 

lt--day groupo 

7J 

As described in Chapter J, stage I it ~H Has f urther analysed 

into bro subcategories , the first called lb~·: sleep for periods 

with active eye movements (Fi gure 7, open squares; Tabl e 9), and 

t he second, E:·I sleep fo r periods vli t hout eye movements (?iVJr·e 7, 

crosses ; Table 8). !dhen the relationship !:>ehre en thes e two 

subcategories is exand.ned , it. i s appe.rent that five of the eisht 

subjects (D. G., T.3 ., P_',·.J., H. R., and ·:·i . P.) spent more time in 

IJ11 sleep t han t hey did in Rr2i sleep during the predep1•iva tion 

period. ;_ sixth s ubj ect , I. T., sho~,red a ppl·oxi ma tely equal a mounts 

of these t'iio subcategor ies . Durine; deprivation , these six s ubjects 

shoNed a. r eversal of t his r0la tionship , -w-:i.th .?l. ~>I sl eep occupyin~ 

more of the stage I R •.!;i .~ time tha n did i·i!-I sleep. In four subj<::cts 

(D. G., F. :li ., H. R., and ~·i . P .), this crossover effect occurred 

durin~ t he dep'!"ivation poriod , 1-1hile in the re:1aining tno (T • .s , and 

I. T.), it Has present even on the first night of d epriva tion, 

!·loreover , tl:·tis r eversal is clearly an effect of depriva tion , for 



the relationship b etween R. .;:,r sleep and E!·f sle8p returned to the 

predeprivation state during the postdeprivatio~l period, with 

subjects (I. T. is the sinr;le exception) <'\gain spendine; more tirr:te 

in NE sleap than in ~ ~;;;:,~ sleep. This pattern 1-1as not present in 

subjects P. C. and D.H. of the 4-day group. Both disple<.yed a. 

gr.=>::.t ter a~·l·:n;rrt of E;SI sleep than £lH sleep thro11ghout the three 

phases of the experiment. 

By v.1ay of S'll.rtb'liary , ?ie;ure 8 sho,.,rs . changes in each 2iG 

sta e;e fo r all ?~day subj8cts , and Fi .sure 9, the s.;trr1e for all 

4,-day subjects , As ·v.ri th the pl' ev:LNJ.s fj_zures , arrmmts of tir::e 

spent in the var:i.ous stages are plotted <:ts percentages of 211-

hours . 3oth ~roups spent much les s than the normal aNount of 

time m.,ra ke on clay 1 of de prj va tion , but gradually returned to a 

normal sleep-Fakefulness cycle as deprivation progressed. 

Paralleling trtis decrefLse , then inc1·ease in a•-;·ake tiw~ '\vas the 

reverse pattern for stage II slee~p . ~'1ost of the extra. slee? 

early in deprivation appears to consist of this sta1:;e. bu t it 

returned to bas eline l evels at the sap,_e rate as the e>.He.ke ti~ne. 

Both g1•oups showed a. small increase i n st.<t[;e I, which Has 

r.1aintained q,Jite constant throughout deprivation. The curves 

for sloH--Have sleep , or stages III and rv, are quite flat 

74 

throughout deprivation and COP1I-'8!'8 i.Jell wi th pr<"J- and postdeprJvation 

curves in all cases. These stages appea!• unaffected by deprivation . 

Both groups shovred a decrease in ste>~ge I i(.j~f on ni3;ht 1 of 

depr ivation , and b.n inerease on day l. The 4·-day sub j ects clearJ_y 

disp1a::,rod a depross ion in this st2.::;e as dGprivation progressed, 



FIGURi'~ 8 

Time spent in each EEG stage for all 7-day subjects, 

expressed as a percentage of 24 hours. 
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FIGURE; 9 

Time spent in each .i!:bG stage for all 4-day subjects, 

expressed as a percentage of 24 hours. 
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vii th this cl:ange heine; only hinted a.t in the 7 .• da y fi:l'oup. On 

the o"c.her hand, the previously discussed cros£>over effect , '\.·rit.h 

R~'l sleep occup:;ring more time than NH sleep during deprivation 

but not during the pre- or postdeprivation periods, was shov.'n 

only by the 7-day subjects. 

Rather than calculating the amount of time spent in etJ.ch 

Ei!JJ stc~. ee · as Et pe1~centa.r;e of a 21~ hour period, most sleep 

investigators prefer to u.se the total amount of time spent in 

sleep . For exanple , a subject 1-Jho spent l. 6 hours in stage I 

RL:,E out of 7 hours of sleep vroclld have spent 22 .8;~ of this sleep 

time :i.n this stage. Tfte compaJ•able percenta.ge of a 21J. hour 

pe6od would be 6. 7;;. The data collected in the pl'esent study 

have been calculated as p e rcentages of sleep tir.1e as well as of 

2l} hom·s. Figures 10 to lLt- repres Emt the amot:.nts of time spent 

by each subjt;ct in each of the stages of sleep, calculated as 

percenta.s:;es of total sleep timn. 

Fisure 10 ar1d Table 10 sh0K l'tage I. Pre- c>.nd post •. 

deprivation a mounts of th:i.s stage agreo relatively Hell, 

averagin?: 7 .5;; and 5. ?;:, r espectively. :Iost. of this smalJ . 

disparity is very likely clue to the five subjects ·who spent 

slightly n:ore time in stage I on the first predeprivation night 

than on an;y oths :r.· baseline nie;ht . During depr:i.v-'~tion all of the 

L~ .. day group, and sub jects D.G. and F.~·.J . of the '/-day group , 

shoW"ed. a r~rogressive increas e in the perc:enta.ge of sleep tirne 

spent in this stage . 3ubjvct shoHed this sans tendency 



FIGUR~ 10 

Time spent in stage I sleep by each subject , as a 

percentage of total sleep time. 
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'I'AI3LE 10 

Time sy>ent by each sub ject in stc.ge I sleep, as a percentn.e;e of tot a l sleep time , 

Pre~. Den:d vat ion Post dens. 

Sub.ie ct 1 2 3 H .l 1 2 3 ) ~ L 6 7 1 2 3 

D. G. 9 , l1 3. 6 5.2 0 . 9 10.7 11.2 13. 5 111 .6 llr.2 ll.r ,6 9 .6 l+ . 1r 4 . 0 5. 1: 

r1, • S • 9. 9 7.3 11. 3 6 . 9 13.9 17 . 3 12 .7 7.1 8.3 6.11 5.9 8. 4 5.2 3. 0 

P , 11l , 8. 4 2 . 8 11 , 7 9 0 0 / 10 .2 ])! • 5 20 . 0 19 . 2 16 . 2 15.8 15.2 1~ . 2 2 . 3 h,1 

I . 'I' • 12 . 8 9. 5 12 . 2 ~ . 2 19 . 6 22-. 9 9 .l ~ 25 . 2 19 . 7 15.0 17 , )I 1.1 l.h 3. 9 

i-1 . H. h. 8 5 . 3 4.4 10.1 12 , 0 12 . £1 15 . 7 20 . 9 5 . l~ 6 . 0 7.2 

P.C. 9 . 9 11 . 6 7.0 13.1 12 .1 12. s) 18.6 1h . l 6.7 9 .1 0 () 
~ 0 / 

1:l . P . 10.2 10 . 7 9 .2 17 . 6 10 . 8 18.2 2lr , 6 28 . 9 7.1 7. l.r 13.1 

D . } ~ . 8.6 4. 6 lr . 5 6 . 0 9 . 5 10 . 7 12 .9 6 . 9 5 , l, 5 . 6 

J,vcr Fl.p;e 9 . 3 6. 9 6 .11 10. 3 12. 4 15 . 8 15 . 9 18.6 14.6 13.0 12.0 5.5 5.1 6 .5 
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. until da.y 2, then a. docrco,as e on days 3 and l~ which returned his 

stage I percentage t o baseline l evels. Subject I. T., as has 

been previously mentioned , slept very poorly on the third night 

of deprivation , and this is reflected in the .irregularity of 

this curve for stage I as 1orell as r.1ost of the others. 

Stage II is sho•m in Figure 11 and Table 11. Generally, 

subjects spent lllore sleep time in stage II during the 

predeprivation than during the pos tdeprivation period. Eean 

values for these are 4? .s;; and 43.8;; respectively. On nit:ht 1 

of deprivation, all subjects exc•3pt D.G . showed an increase in 

stage II to values >-rell above those obtained on the predeprivat ion 

nights , the mean percentage f or all subject s being 59 .o.~ . 

FolloHing this initial increase , all the 4-day subjects displayed 

a gradual decJine in t his stage as d epriva tion progr es s ed , -with 

values on day 3 or 4 back ' ' i thin the normal range . The 7 -clay 

subjects shov1ed much more va riability. Subject D. G. maintained 

approxi mately prE:depl' ivation a mounts of stage II throughout the 

deprivation p eriod. After the initial increase noted above , 

subject T. S . shovied considerable fluctuations i n this staze but 

no consistent trend tovrard either increase or decrease . S ub i ect ... 

P .~'j . displayed furt~1er i ncreases fro 1:1 tr.e night 1 value on days 

1 and ~ of deprivation, t hen abrt1ptly return ed to baseline on 

day J and maintained this l evel for the r er.>ainins days of 

deprivation . The curve for subject I.T . is distorted be cause of 

his abnorm:.;.lly r estl ess night on day 2, but stage II vras clearly 

ma j_ntainod 1.;i tr.in the normal ran::; e for the l as t four days of t he 



FIGURJ1: 11 

Time spent j_n stae;o II sleep by ea ch subject, a s a 

percentege of total s l eep time . 
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'l'AB~E 11 

Time spent by each subject in sta-t:o;e II Bleep, as e. percentn~e of tota.l sleep tir1e . 

Prer1ens . Denrivf;'..tion Postdens . 

Suo .iect 1 2 3 nt . l 1 2 l 
I 

5 6 1 1 r 

l l+ '--

r: .c. 51.0 51.6 53 . 7 50 . 1 55 .JJ 56 . 13 5G . 5 49 . 8 53 . 3 50 . 7 56 . 5 l~o . 7 h7 . 6 119 . 7 

.. , c 
.!. • ._) . 52 . 0 51.2 57 . 5 c:5 . o 5G . l 1:6 . 8 52 . ;') 59 .ll 1 ~ 3 . 6 513 , 11 )19 . 6 hG . 4 50 . 5 )10 . 3 

p . \\! . 52 . 0 115 . 9 36 . 3 50 . [) G3 .6 G3 . 9 114 . 5 l, p, . 6 51.2 51.6 42 . 3 34 . h 111 . 7 50 . 7 

I.T . 39 . 9 112 , 11 37 . 9 50 . ::; 52 . 9 h?. , ll 55 . 3 36 . 7 37 . 5 37 . ): 38 . 0 113 . 7 39 . 5 3)~ . 8 

J·- ~ . R. 51.6 53 . 7 1,5 . 3 6?. . 2 Go . 3 h3 . 3 57 . 7 51.1: 110.9 114.1 l-12 . 2 

P . C. 1df . 1 1,2 . 5 50 . 1 5h . ?. 5)1 . 1 5:::: . 1 Jn . 3 )18 . 6 43 . 8 1+2 . 2 3B. 6 

\~! . r_) . lt8 , h 113 . 5 51f . 3 GG .G C3 . 2 L-') q 
)t. . • {:_ 53 . 5 )~J . 8 44 . 0 h3 . 2 ll4 . 7 

D . !·1. 36 . 6 )11.6 63 . 8 72 . 2 G5 . o 57 . 1 59 . 5 116 . ? 119 . 3 50 . 9 

AverA.p;e 1+2 . 8 H . 8 44 . o 
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deprivat:'Lon period . 

Fi gur e 12 and Tabl e 12 shoH stage III as a percentage 

of total sleep tiJ'1G . For s even of tho eight subjects , pre-

and postdeprivation values for this stage agree -vrell, the means 

for all subjects being 5.0;s and 4. 9i:; respectively. D.H. is the 

single excepti on ; h..i..s predeprivation values v.rere the hiehest, 

and his postdeprivation values , t he lovrest , that >vere obtained 

fro m any ·s ub j ect. During deprivation, stage I II chane;ed very 

little and i n general appeared to r erfl8.in at approximately 

bas eline l evels throughout. 

Figure 13 and Tabl e 1.3 shoH stage IV. The mean percentage 

for this st"'1.ge on the predeprivation nights was 15.L:.;£, and on the 

postdeprive.tion nights , 16.?;; . As >-Iith stage III, these values 

agree well, both on the average and for the individual subjects. 

0 • I t ., -t' d • J. • -t' b • -1- ("' C> p c ') p d n nlgn .L o... eprlva~.-1on , .~.our su J GCvS !·; . f' • • , •• , ''· •-., an 

I. T.) s hoHed a decrease in s tage IV to subnormal l evels, while 

the r errl<'lining four displ ayed approXill!ately baseline a mounts of 

this stage. Tho s ame four individuals viho s hov;ed t his initial 

drop appea red to pro~ressively increase t he percentage of sleep 

time they spent in stage IV" dm•in3: the r8ma ining days of 

depriva tion, until baseline l evels were again reached to•;ard the 

end of this period. For the other four subjects , stage rv values 

were maintained at r oughly normal levels throughout deprivation. 

Stage I R.D'!·'I and its bro subcategories , R.2:i-I sleep and l-H,I 

sleep , are s hown in ?ieure 14 and in Tables lL~, 15, a nd 16. For 

all subjects, sta s:B I l-2.1-~ averaged LI-J- . 3;·;. o: the tot2.l sleep time 



FIGURJ~ 12 

Time spent i n stage III sleep by each subject, as a 

percentage of total sle0p time. 
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TABLE 12 

Tir.'.e spent by ee.ch subject in st uf"e I II sleep , e.s a percentar.;e of total sleep tiro.e . 

P:r.-e<'lcns . Denr i v-n.ti()n Post dens . 

Sub;1 ect 1 2 3 Ht . l 1 2 -:> '-! 5 6 1 1 2 3 .-2.. 

D. G. 1-~. . 5 3. 9 2 . 8 l~ . G 8.6 5. 0 L~ • l ~ l. ~ . 8 3. 0 1 ~ • 4 6 , 8 5.7 5. 0 2. 3 

T. S. l~ . 8 2 . 6 2 . 1 G.o 5 , 1: 2 . 7 l , , O ), 0 ' . / 6 .5 5. 5 9. 2 2 . 1 2 . 8 3. 7 

P. H. J,,s 3. 9 3. 2 8. 3 3.9 6.6 6 . 8 h. 8 5. 8 5 . )+ 8. h 7. h 6. 7 6 . 5 

I . T . 1t . 9 8.6 7. 3 9. 0 ~ . 1 5. 3 8 .? 6. 7 6 . 1 11. 9 8. 7 5. 9 7. 4 8 . 8 

r~1 . R. 5. 0 6. 4 h . 9 3. 1 3.6 ') ' c. . • o 2.1 L~ • l 1 6 . 1 4 . 2 5. 2 

P. C. 6. 1, ) . 0 5. 8 8. 2 5. 7 6. 3 4 . ~ 5. 6 8.9 9. 5 h. l 

H. P. 1. 9 3. 1 2. 7 1. 9 2 . 2 2. 5 ., l 
_) . ... ? . 1 1r . lr 1~ . 6 1. 8 

D. M. 9 . 9 6 .1 4.1 1.2 0 . 8 . 6 . 5 7 2 . 1 . - o I 

Averae.e 5. 3 5. 0 h. 7 5 . h 4. 6 4 . 0 ), • ~) 11 • 8 5 . )~ 6 • 8 8 . 3 5.1 5. 1 lr. 3 



FIGURE 13 

Time spent in stage IV sleep by each subject, as a 

percentage of total sleep time. 
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D .Jv:. 

Average 

TABLE 13 

'l'ir.:e spent by ea.ch sub ,~e ct in stt:>.f':e IV sleep , e.s a percenta[:e of total s1ee:p t ime . 

Pre dens . 

1 2 

J)l • 2 25 . l 11. 0 

17 . 5 15 . 8 12.6 

17 .3 1R . o 21.6 

11. 5 12.9 16 .7 

13 , l! 9 . () 12 . 0 

29 .3 20 . 9 5. 0 

16.3 16 .5 13.5 

D12nri v~.tion 

1 4 6 l 

21 . 8 7 . G g.o 7 . 5 15.5 10 .3 13.0 7.1 

15 . 6 8. 8 13 . 6 17.1 9 .1 14.2 13. 9 18.3 

16 . 0 9 .6 3.7 17.2 13 .3 10 . 4 10 . 5 14.2 

15.3 6 .5 9 . 5 12.2 12 . 9 15.9 16.3 15.0 

8. 2 8. 3 7. 7 10.7 16.1 

4 . 5 3.7 8. 4 11.3 11.5 

1 . 5 7 . 5 7.1 5. 6 14.0 

9.4 6 .3 6. 3 13.5 

11.5 7.4 8 . 2 11 . 9 13 .2 12.7 13.4 13.7 

Postdens . 

1 2 

23.3 20 . h 22 . 6 

21.7 18 .5 17.9 

8 .5 10.8 2 . 2 

19.0 18.6 1h.9 

20 . 8 17.8 15 .7 

16. 0 11. 3 12. 6 

18.6 16 . 1~ 14 . 7 

28.3 14.9 15 .5 

19.5 16.1 14.5 

\.() 
\.v 



FIGURE 14 

Time spent in stage I REN sleep, and in its two 

subcategories , Ri!.'}1 sleep and NH sleep, by each subject, as 

a percentage of total sleep time. 
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Time spent by each sub,ject in sta re I REJ·:r s1een, as a percentage of tota,1 slee-p time. 

Predens , DeT.1rivat i on Postdens . 

Sub.iect 1 2 1 Nt . 1 1 2 1 h 2.. 6 l 1 2 l 
D. C. 20 . 9 15.9 27 . 4 13 . 5 17.7 18.0 1B. 2 15 . 5 19.1 17.11 20,0 25.9 23.0 20 . 0 

T.s . 15 .7 23 . 1 23 .5 G. 5 15 . 8 19 . 7 13. 9 19 . 5 27 . 4 15. 8 16 . 9 19.4 23 . 0 35 .1 ,. 

P . v!. 20 . 3 35 . 8 32 .3 11~. 9 12 .7 11 . 11 11.5 111. 2 16.3 16.7 20 , 0 45 .5 38 . 5 36 . 5 

I.T. 25 . 1 21.5 21.1 15 . 3 1h.9 111, 0 14. <) 18 . 11 20 . 9 19 . 3 20.9 30 .4 33.2 37 . 6 

r.• . R. 27.1 21.7 28 . 6 16 . 11 15 . 4 13. 6 13 . 8 7.3 26. 8 27 . 9 29 . 6 

P . C, 26.1 31.9 25.0 20 . 0 2h . Jl ?0 . ? 18 . 6 20.2 211 , 5 27 . 9 34 . 9 

VI . P. 27.1 25 .1 23 .h 12 . 5 16 . 3 19 .~ 13 . 1 13.1 25 . 9 28 . 3 25 .7 

D. r-1 . 15 .7 27 . 0 22 . 8 11.1 18 . 3 25 . 0 13.4 18 . 0 29 . 8 25 . 9 

Averar:<:e <.. 22 . 3 25.3 25.5 13 . 8 16 . 917 .7 1lt,715.5 20 . 917 .3 19 .5 27.1 29 . 0 30 .7 



'I'ABLE 15 

Time s::;:-ent by each subject in t he rm subca.te,c:ory of st~-f!e I Rm~l s1ee:o , as E.t percentae:e of total slee:o time . 

Pre dens . Deurivat ion Post de£• 

Suu,4ect l 2 l l'l t . 1 1 2 ., l ~ 2. 6 l 1 2 l d. 

D.G . 12.5 10 . 5 17 . 7 7 . 8 8 , 2 7 . 8 9 . 1~ 5 . 7 7.3 5 . 6 9 . 4 10 . )~ 11.6 10 . 5 

T. S. 8 . 6 l2 . fi 16 . G 2 . 3 6. 3 G. 2 J,. 6 6 . 8 8 . 0 4 . 5 h.3 6 . 7 13. 1+ 20 . 5 

P.H. 11.3 23.3 21.3 8. 3 8 . 1! 6 . 7 3. 9 5. 3 2 . 9 3 . 5 1 ~ . 9 19.5 16 . 4 20 . 6 

I . '1' • 11.6 11.1 10 . 7 7 . 1 5 . 8 ,- ., 
) • ~J J1 , 6 6 . 0 6 . 7 6 . 3 2 . 9 6.2 8. 4 10 . 1 

r.t r.> 15 . 1 11 . !, 1B. h 8 . 5 7 . 6 5. 3 6 . 1 2 . 6 11 . 5 10 . h 16 . 2 !" • . .. '. • 

P . C. 9 . 5 12 . 6 7 ~ 
I o -' 5 Q . u 8 ,1 , 7 . 7 5. 9 5.7 7 . 2 8 . 7 12 . h 

H.P • . 111. 0 16 . 3 11.8 7 . 0 6. 5 7.6 3.? 3. J, 11.: . 7 16. 9 }11,1 

D • ~-: • 1~ . 0 8. 6 5.0 2 . 1 3 . 6 5. 8 3.3 1. 6 9. 4 7 . 8 

Averar:;,e 10 . 8 13 . 3 13 . 6 6 . 1 6.9 6.6 5.1 5 .1 6 . 2 5. 0 5 . 4 9 . 7 11. 9 1h . 1 



TABLE 16 

TiMe spent by each subject in the REI'I! subco.tefOTJ' of stap;e I I~:F~l~! sleep , as a percentn~e of tot al slee:p time . 

Sub;iect 

D. C. 

l ') 1,7 ... . 
I . T. 

t! . R. 

P. C. 

1·[ . p . 

rredens . 

]_ ') 
{ _ 

8, J1 5 , 4 9 , 7 

7 . 1 10 . 5 6. 9 

9 . 0 11.5 11.0 

13 . 5 10 . 1: 10.J: 

12 . 0 10 . 3 10 . 2 

16 . 6 19. 3 17 . 7 

13 . 1 " 0 () . t,) ll . G 

]_]_ ,li 11. 8 11. 9 

Depri v~.tion Postdeps . 

T,q ... 1 
.1. . v . - - 1 2 6 1 1 2 

5. 7 9 . 5 10 . 2 B. R 9. 8 11 . 8 11. 8 10 . 6 15 . 5 11. h 9 . 5 

12 . 7 9 . 6 11-1 . 6 

() , 6 11. 3 )1,7 7 . 6 8.9 13 . 1 ~ 13 . 2 15 . 1 2( . 0 22 . 1 15 .9 

n . 2 9 , 1 0 . 7 1o . 3 12 . 11 11r . 2 13 . o 18 . o 

15 . 3 1 7. 5 13 . 4 

1h . 2 16 . 0 12 . 5 12 . 7 1)-1 . 5 17 . 3 19 . 2 22 . 3 

5 . 5 9 . 8 12 . 3 

0 , 0 14 . 7 19 . 2 10 . 1 

7 . 7 10 . 1 11 . 2 9.6 10 . 4 14 . 7 12 . 3 14 . 1 17 . 3 17 . 1 16 .6 
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on the predepri vation nights. For night 1 of deprivation, however, 

this value dropped to 13.8,Z, and for every subject, the percentage 

obtained on this first night Has well beloH a.ny recorded during the 

predeprivation period. In fact, stage I RS'N "toras considerably 

depressed throughout the entire deprivation period, as Table 14 

shov-~s. On the postdeprivation nights, subjects P .\.J . and I. T. 

showed substantial increases in their stage I R~'I percentages, to 

levels that not only exceeded those recorded during deprivation 

but also during the predep~ivation period. The rer~ining six 

subjects also s hoHed increases, but of a smaller llk'l.gnitude; 

generally, these represented a return to baseline amounts of stage 

I Rt'I"' . The average value for this sta t; e on these postdeprivation 

nights -vms 28.9;·~ of the total sleep time . 

Turning nm• to examine the bro subcategorios of st,c>.ge I 

R.i:.'H in relation to one another, it can be seen that the previously 

described crossover of R.~?·'l sleep and NI1 sleep is displayed in these 

graphs as well as those based 0:1 24 hour periods. 

To summarize as before, Figures 15 and 16 shoH chanp;es in 

each r;z:;. stage for all ?-day subjects and for all 4-da.y subjects. 

Like Figures 10 to llJ., these tHo plot amounts of time spent in the 

various stages as percentages of the totE.l sleep time per 24 hour 

period. Both groups shovwd roughly compar.s.ble amounts of stage I 

on the pre- and postdeprivation nights. Dt1ring deprivation, both 

also sho•·red an elevation in this stage. For the 4-day group, 

this progressively increased throughout deprivation, •.rhereas the 

7--day group appeared to l evel off a ft er day 2 and then to ma intain 



FIGUR~ 15 

Time spent in ench sleep stage for all 7-day subjects, 

expressed as a percenta ge of total sleep time . 
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FIGURZ 16 

Tj_me spent in each sleep stage for all 4-day subjects, 

expressed as a percentage of total sleep time. 
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a fairly constant amount of stage I. Percentae:es of sleep time 

spent in stage II were also similar for both 3;roups on the pre

and postdeprivation nights, with, perhaps, a slight tendency 

toHard higher values during the predeprivation period. There 

vias a l a rge increas s in this stae;e early in deprivation for both, 

follot.:ed by a gradual return to baseline levels by day 3 or 4. 

lOh 

For the remaining deprivation da~~ undergone by the ?-day subjects, 

stago II was maintained approximately level. 3tage III for both 

groups shovred very little change during deprivation, and Has 

generally maintained at the same level as was recorded during pre

and postdeprivation periods. Percentages of stage IV obtained on 

the pre- and postdoprivation night s shoHed good agreement for both 

groups, and the valUf~ recordGd for the ?-day e;roup on night 1 of 

deprivation vras also much the s ame. Both sho>·:red a decline in 

stage D! early in deprivation, on nicsht l fo r the 4· ... day group and 

on day 1 for the ?-day group . Follo1dn~ this, both appeared to 

increase their stage Ilf percentages until b~.seline levels ·VJere 

a gain reached on day 3 or 4. The 7-day group seemed not to r eturn 

quite to baseline, but sorr.e stable l evel vras clearly reached and 

maintained until deprivation v1as terminatedQ vj ith regard to stage 

I Rc}I , the graphs for both groups clearly sho•r the depression of 

this stage on the first ni3;ht of deprivation. For both also, the 

decrease in the percent0.ge of sleep time occupied by this stage 

continued throughout the deprivation period. The 4-day group 

appeared to spond approximately equal amounts of time in sta.ge I RSH 

dudng both pr·3- and postdeprivc..t~.on pe1·iods, ·;.rhile for the ?~day 
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group, the pos t-deprivation values were consistently higher. The 

reversal or crossover in the relationship of R;:;-l"I sleep and NH 

sleep during deprivation ivas sho'-''11 only by the 7-day and not by 

the 4-day e;roup . 

To conclude, further analysis of the polygraph records 

collected in th:Ls experimant vlould be desirable. In particular, 

it would be of interest to examine the ind.dence during daprivation 

of the spindles and K- complexes characteristic of stage II sleep, 

and to compare this -vlith their occurrence on the pre- and post

deprivation nights. Further analysis of the crossover between REH 

sleep and rm sleep should include some measurement of the density 

of the eye movel!1ents. This experiment, however, is part of an 

ongoing pro gram of r esearch in this l aboratory. Povrer spectral 

analysis of the alpha rh~y'·::::m of d.s:pr·ived subjects is nearly 

complete, and sini.lar analysis of the e: ~n rhythJrlS characterizing 

the various sleep staget; is pla nned for the near future. It was 

felt that the d et ailed inspection of spindles , E-co:r1plexes , and 

eye movement density recorlrnencled above Hould be more Rppropriate 

in conjunction vJith the r esults of the po>rer spectral analysis , 

and for this reason , these have not b eon included Hith the present 

results. 
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DIS CUSSION 

As indica t ed iYl Cha pter 1, the data collected in this study 

of sleep durin8 deprivation are relevant both to previous research 

and theory in the area of d eprivation and in the area of sleep. The 

present chapter is orga niz ed in this way, and will deal with the 

experimental findings first in r elation to dep!•ivaU.on and then in 

relation to sleep. 

Before tha t , hot·rever, a compa rison of the pres ent r esults 

with those obtained. in sirlila.r studies would b e appropriate. The 

experim-ants c<:.rried out a t Toho!ru University in Japan ( Nagatsuka 

and Kokubun, 1964; Sa to and l<:okubun, 1965; Chyama , Kokubun, and 

Kobayashi, 1965) ·Here mention-sd in Chapte r 2. These authors r eport 

that .b;DJ records from subj ects d eprived for 48 hours shoH a 

predomina nce of n ••• chron:i.c slow ·v;aves of rtiddle levels as suppress ed 

d..-1·<aves, spindl e or hump vra.ves r efl ecting light or dro;·rsy sleep •••• 11 

( Nagatsuka a nd Kokubun , 1964, p. 62). Though the r ecords >wre not 

scored according to sleep stages, this findin g; might b e interpreted 

as j_ndica ting t hat their subjects spent consider able time in stage II 

sleep, a r esult 1-rhich i s consi s tent vsith the present data. 

The study of St einber g and Russo (1970), although it does 

not ment ion star;e II sleep and so praclndes any compar ison, is 

n e ver'.:.hel ess in good agreo,·-1<mt >-lith r espect to s everal other findings. 
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The s ame pattern of early increase and later decr ease in total sleep 

time was observed in both studies , although th<:> subjects of Steinberg 

and Russo seemed to persist in sleepj_ng slightly more tha n usual even 

toHard the end of their confiner:t<mt . S ta.ge III results fro~n both 

studies also a~1~ee 1-rell , -vrith neither obser ving any cha nge from 

baseline levels during the experimental period. The values r eported 

for stage IV sleep are lovr when compared v1ith those obtained in the 

pres ent study , but it is poss ible tha t this discrepancy could be 

accounted for by diffe r ences in the placemant of the Eill electrodes , 

or in recording pare>.meters. Aside from this , both studies agree in 

reporting loH values for stc;.ge IV early in the experimental period . 

Steinberg and Russ o consider that these are due to the arousing 

effects of the novel confinement situation , and propose that this 

f a ctor also accounts for their lovr stage IV values durin~ the 

pre confinem::mt period. Aft e1· the similar early d epr essions in stace 

IV, both studies also agree that little ch:J.nge ;.;as observed 

throughout the r est of the experimental per-iod. :·,'ith :regard to 

sb.ge I R.2l~ , the values r8ported by 0tei nberg and R'1sso are well 

·vrithin the nor1r.al rant;e observed in the present s tudy. They aJ..so 

observe an inc·cease in this stage on days 1-3 of confinement that is 

sirriilar to the day 1 increase seen in the present study. Follm,ring 

this , both studies r eport a decrease in sta ge I R~H to a l evel 

which more closely a pproxi:nat6s the normal b:ts eline . 

Retu_t'ni ng no'iJ to a consideration of the pres ent experimental 

findings alone, per-haps the most cons istent and the mos t striking 

chanze seen in the present study j.s the great inarease in s l eop 
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early in depriva tion. This finding -..r~s not unexpectE:Jd and, indeed . 

is exactly wha t Hould be predicted by the reticular theory of 

deprivation . Linds l ey, in f act , postcQating tha t continuously 

yaryln2: stilr!ulation is essential for normal functionine; , s tates . 

11W'ithout such stimul ation , boredom, ina ctivity. and . ultimatel y , 

sleep , prevail. '' (1961 , p . 176) . This prediction is verified by 

the present exporhnental findir:gs , but onl y for the earl y pa r·t of 

d epr:Lvat.ip:n . later on , and in spite of t ho p ersistence of l owered 

a nd monotonous sensory i nput conditi ons , the deprived subjects 

nevertheless r eturn to a rel atively norr."<al sleep-Hakeful n.es s cycle . 

The reason for this is unkno•-m , but speculation quickly l eads to the 

notion tha t the effecta of d Hprivation , para.mount early in this 

experience , are l a ter overridden by the normal biological rhythms . 

The Tohoku University inves tisators of deprivetion phenor1ena havE> 

quite specifi.ca.lly dra~·rn this conclusion. To quote , " In br:i_e f , the 

qualitative aspect of b ehavior-s i .s influenced by the effect of .3 . D., 

but t hei r quantitativ8 aspect or intens ity d epends ratl:-,er on the 

rhythm of the organis n . 11 C?·Tne;atsuka and Kokubun , 1964, p . 62 ) . 

That is , sensory depl'iVC!.tion appears to change the quaJity of the 

subjects 1 V8l'bfl.1izations , in that the early ones , such as reporting 

a drearr; or sin~ing , wer e rele.tively neutral , 'fihile a gr essive and 

emotiona.l overtones predor.1ina ted in the l ater ones . On the other 

ha.nd , measures s uch as the G3fl , 2KG, and r espiration , \l:hich these 

authors b elieve ir:clica t e l ev els of arous al , oscillated up and dovm 

in a manner v<hich corr esponded clos ely to the subjects ' day-nisht 

cycle. This conclu~;ion Has rea ched als o by experiment ers in Fyers 1 



laboratory ;,rho "rere engaged in measuring r estlessness during 

d eprivation (Sm1th 1 ~·Iyers 1 and l-Iurphy 1 1962 1 1967). Subjects 
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were isolated for four clays >-iithout any time cues, and yet shov;ed 

a significant difference between day and night measures of 

restlessness , indicating that their diurnal cycles were maintained 

throughout the deprivation experience. 

The specific time at Hhich these biological cycles return 

to a cor1pietely normal state is also of interest. The sleep

wakefulness cycle of e.ll subjects engae;ed in the present experi111ent 

had apparently r eturne-d to normal by day 3 or day L~. Some of the 

other changes which occur during depriva.tion also seem to stabilize 

at this same t ime . For example , data collected in this l aboratory 

on the alpha r hythm of d eprived subjects indicates that it becomes 

progressively sloHer durj.ng deprivation until day 3 or 4, and then 

appears to stabiliz e at. this new sloH frequer: cy, and to sbovi 

minimal cha.nge after this (Ta:i.t , u.npublished data). Similarly, the 

activity measured by the Eyers group (Smith, Hyers, and Aurphy , 1967; 

Hyers , 1969) increased over a four day p0riod and then seemed to be 

maintained at :;,. constant level. 

It can b e ar~ued that the effects of deprivation described 

in Chapter 4 , nal'1ely, the great increase in sleep early in deprivation 

and the changes in the varioD_s sleep stages , result merely fro m 

providing subjects vli th the opporturd.ty for large amounts of sleep. 

Admittedly, depl'ivation does provide this opportunity. 'Iwo 

possibilities exist t hen, na.1'1ely, that deprivation is uniquely able 

to prod1..we the effects des c:d_bed , Ol' that. they are due to the 



opportunity for sleep inherent in the deprivation conditions. In 

order to decide bet.v1een these hro alternatives , one Hould have to 

use a. control group provided •v-i t.h the SCI.me opportunity for sleep 
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but not deprived . This, hoHever, l·lould seem to be extremely 

difficult. The ·-..ridely us ed control conditions , such as employing 

recumbent subjects in groups, automatically involve a certain degree 

of d eprivation , though such conditions may permit talking , l' CJ.dios, 

books, and so on . In fact, Eyers (personal cont'?lunication to 

'vJ . Her on) has s ho'ilrn that subjects so confinod not only show· the 

alpha slowing typical of deprived subjects, but that t he magnitude 

of this slNring is proportional to the size of the confinement 

chamber. Subjects confinE:d in a s mall chamber sho<r significantly 

greater alpha s l o'\.dng than tho::> e in a. larger one . Unfortunately, 

then , for lack of an entirely P.dequ.?.te control condition, it is 

difficult to d ecide what causes the excessive sleep observed early 

in the present experiment, 

One can , ho1-r8v e r 1 exclude the possibility that deprivation 

symptoms are produced by gross disturbances in the amotmt of sleep 

or in the proportion of time spent in the various sleep stages , 

Since the sleep of deprived subjects had never been precisely 

rnoni to red, it Ha.s unkno-vrn Hhether these vrere abnormal, slightly 

changed , or normal dm~ing deprivation. It \-ras Hell knoHn that 

sleep loss and even loss of RJ]·f sleep produce cognitive, 

perceptual and emotiona.]_ cha nges that are very similar to those 

seen during deprivation (Bliss, Clark, and \-J est, 1959; i-Iorris and 

Singer , 1961; Dement , 1960). Thus the possibHity, r emote but 



real, existed that d eprivation produced its effects indirectly by 

disturbing sleep, Hhich then was directly responsible for the 

observed symptoms. The results described in Chapter 4, however, 

obviate th."is possibility since they clearly indicate that sleep is 

really more normal than abnormal during deprivation, both in total 

amount and in the proportions of its stages. 

111 

The specific changes observed in the various stages of sleep 

will be d ealt with next, including an exa1rlnation of the first night 

of deprivation, of the increases seen in stage I R.:!.,11 on day 1 and in 

stage II early in deprivation , of the r:i.se observed in stage I 

throughout, and of the crossover beh:een R ~:J-I sleep and NH sleep. 

Chapter 4 has described s everal changes 'vhich Here observed 

on the first night of deprivation . ?irst , the mee.n a mount of time 

spent in s t age JV on th:i_s night "~<18-S 2.6;~ of 24 hours, and clea rly 

had decreased from the average of 4.2;; observed dur ing the 

predeprivation period. Second, all subjects shoHed a decline in 

stage I R;::,H on night 1, the averase value bE:ing ).2;'b compa.r ed v:rith 

6.9;; for the predeprivaU.on nights . Third, three subjects slept 

less than a normal amount on this first night. These thrae measures 

probably indica te tha t the first night of deprivation wa.s a 

somm..rhat uncomfortable one for most subjects. In fact, this effect 

of dj.s cor1fort and novelty i s well kno>m among sleep res earche1•s, 

••ho routinely obs e r ve it on a subject's first night in til.eir 

l aboratories , and call it the nie;ht 1 effect. ~v e have not observed 

unequivocal :i.ndications of it on the first predeprivation night, 

but the fi:c·st night of deprivation clearly shows it. !'d.ght 1 -vras 
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the subjects' first experience with mask , gloves , cuffs, and vrhlte 

noise. It is quite likely that these deprivation conditions, which 

were new to the subjects at this time, were responsible for the 

effects observed. 

On the first day of deprivation, stage I R~I showed an 

increase. For all subjects except T.S. and ~.w ., values obtained 

for this stage on the first day slightly exceeded those obtained 

on any of the predoprivation nights. As has b een discussed 

previously, ho1..rever , stage I R~·J: shot-red a decrease on night 1. 

This may indicate that subjects experienced a slight degree of 

R~I deprivation on night 1, and the day 1 increase could then be 

interpreted. a.s the later compensation for this loss. However, a 

comparison of subjects >·rho characteristically slept less than six 

and one-half hours per night Hith those who slept more than eight 

and one .. half hours (short sleepers vs. long sleepers) reveal ed that 

the long sleepers spent more time in stage I Rl:;H than did the short 

sleepers (155 minutes as oppcsed to 96 minutes per night, or llfo 

as opposed to 7% of 24 hours) (Webb and AgneH , 1970). This raises 

the possibility tha t the increase seen in stage I Rt'.,11 on day 1 of 

the present exporir11ent results from the great increas e in tot .. 'll 

sleep time on t his same day. The b <Io factors, then, R ;:~E deprivation 

on night 1 a nd increased sleep on day 1, could b e responsible for 

the day 1 elevat ion in stage I REH . 
~I 

The single greatest change seen in any sleep stage dur ing 

depriva tion ;ms the enormous increase in stage II shot·m by all 

subjects on day 1. In fact, almost all of the extra sleep time 

)( 
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early in the deprivation period 1vas occupied by this stage . It 

is already known that both stage I REH and slol..;r-<-mve sleep are 

fairly well regulated in amount since S1..1.bjects deprived of these 

stages make up their losses during subs equent sleep periods (Dement , 

1960; Berger and Oswald, 1962; Agnew, Webb , and ·~Hlliarns, 1964). 

In contrast, the lability found in stage II during the present 

study suggests tha t it is not regulated as stringently as these 

other tvio stages. This is also suggested by the recent study of 

itlebb and AgneH (1970) ;..rhich compa.red long sleepers and short 

sleepers . A significant difference bebreen these two groups was 

found in the a mol!nt of time they spent in stage II. The short 

sleepers spent a mean of 168 minutes in st.age II per night (12J, 

of 24 hours) while the long sleepers spent ~. !llean of 277 minutes 

in this s t.age ( 19}: of 21.;. hours) • Thus it. vJould seem that prolongation 

of sleep time £:'--£ ~ is able to produce a significant elevation in 

stage II, and that this r esult in the pres ent experiment is a 

cons equence of the increas ed sleep seen early in d epriva tion. 

Though stage I RS1·1 and stage II shovr these increases on day 

1 of deprivation, sloH--v;ave sleep , or stages III and rJ, s eem not to 

change at all. Thus it is clearly not true tha t Hhen sleep is 

increased, its stages also increas e in a proportionate fashion. 

That is, a subject who sleeps t-1-l'ice as much as he does normally 

does not spend b vice as much time in each of the sleep stages. 

The only stage for which this statemtmt even approximates the truth 

is stage II, sinc e the increa.se in stage I RSH does not even 

appr oach what would be expected if it were increasing in proportion 



to the total amount of sleep. It is already kno'lm tha t stage I 

RE!-'I and slo>v-t·1.9.ve sleep a.:re prevented by regulatory mechanisms 

from falling beloH certain baseline levels (Dement, 1960; Berger 

and Os-.vald, 1962; Agnm.;, ~I[ ebb, and vJilliatllS, 1964) • Their 

failure to increase Hhen sleep is greatly increased raises the 

interesting possibility that they also may be prevented from 

rising above these baseline amou."'"!ts . Though this speculation 

seems plausible , by analogy vrith such homeostatic mechanisrn}3 

as govern body tempere.ture or blood pressure, it has yet to be 

empirically confirmed. A direct experimental demonstration would 

involve elevating stage TV or stage I R.01,1 above nor1r.al levels 

prior to measuring these during the pos t-treatment period. If 

the revers e of the TI2H deprivation or stage IV depd.vation effects 

were seen, that is, if these stages Here depressed to subnormal 

levels, the e:;.:istenco of an upper as well as e. loiver limit for 

them would be establishedo 

The impl ication of the constant increa::;e in stage I seen 

during deprivation i s that subje cts spend more time than normal 

in this intermediate zone behreen vrakefulness e.nd sleop. This is 

of interest in vieN of the subjects' frequent r eports of non~ 

directed, day-drea.r'ling types of cognitive activity during 

deprivationo .:J ince it is kno~m that cognitive activity durin~ 

stage I or generally d'..lrinz; the. preso:r.mic phc>.se of sleep also 

possesses those characteristics (Foulkes and Vogel, 1965; 

Roffvral~g and 1-Iuzio, 1965), it is possible that at l east some of 

these day~drea tll r eports can b e attributed to the i ncreased stage 
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I time obs erved duri11g deprivation. 

As previously mentioned, there is an actual change in the 

waking ;~;!;·} of deprived subj ects. Their alpha frequency d eclines, 

they appear to produce less alpha than normal, and also, those 

seg:TJents of r ecord identifiable as alpha seem less regular and 

sinusoidal in wave fo rm than usual. It might be a rgued that all 

these changes Hould tend to make the viaking r e cord of a deprived 

subject look !nore like a stage I record than it did normally, and 

may perhaps have led to some errors in the categorization of these 

records. These errors , hoHever, vmre unlikely to have occurred 

>ri th any !Tleaningful frequency, since tvro othe r independent indices 

of the Er~S stage bes ides the "233 itself were available to aid in 

s corin.2; the polygraph r ecords. These Here the electro-oculogram 

and the electromyogram. 2ye movements during wakefulness occur 

much more frequently than during stage I, and also display a 

different Hav e form. During -vrakefulness they are rapid, and sho>·l 

sharp peaks of r elatively high ampl:l.tude, 1-1bile during stage I 

they are slo>,r , low in amplitude, and sinusoidal, almost rolling, 
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in shape. Body move;nents also occur more fr equently ;.r}vm a subject 

is aHake, and the baseline zz,lG is slightly higher than it js in 

stage L It is probable, then, tha t scoring errors Here r elatively 

few, and hence that the increase seen in stage I during deprivation 

is genu:ine. This conclusion is supported by the :::-8la.tively good 

s.groement beh~een independent ratings of this stage , as r eported 

in Chapter 4. 

Finally, the curious r eve1·sal dud.n::; deprivation of the 
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relative a mounts of the two subcategories of stage I R,C;I-1, H.t!:l1 sle8p 

and NH sleep, deserves comment. This reversal persists after the 

termination of depriva tion ; it can b e s e en from Fisures 7 and 14 

that one subject reverted immediately to the predeprivation state , 

two return on the s e cond postdeprivation night , and two on the third . 

One subject persisted in Eh)Hing more Ri:!:Ivr sleep than NH sleep f or all 

three postdeprivation niehts . I n addition , this crossover does not 

consist merely of a reversal of the rel ative contributions of R&'i 

sleep and HH sleep to stage I R-2·! as a whol e. Rather , as a 

reexamination of Fi gures 7 and 14 Hill sho1,1 , the proportion of R~:rr 

s leep seems enhanced and tha t of N.l~ sleep depress ed , oV <' r and above 

the observed r eversal. Though these hro components of sta. ge I R2't 

have ahTa.ys been recognized , the distinction betvreen them is us ually 

glossed over in the human sleep l i terature on the assumption that 

they are simply t Ho facets of the unitary R3?'I state , though the ·~-rork 

of Pompeiano and his associates on ca ts ( eg . Pompeiano , 1967) has 

emphasized th e diffex·8nce . The cross over eff•3ct its elf , ho.,.:ever , 

and the enhancement-depression phenomenon pointed out above , vTould 

sugges t that thes e t Ho are at l east partially in::lependent of each 

other. The experi~ent of Zimmerman, .S toyva , and i,fetcalf (1970) on 

changes in stnge I R~N in subjects who 1..:ore distorting spe ctacles 

tends to support this vievr , since Stoyva ( personal communication) 

has stated tha t the density of rapid eye movements is markedly 

increased folloHing this treatment. These authors believe that the 

changes they observed j_n stage I R~E . nar.1ely , both an inc:;,~ease in 

time spent in this stage and the increase in RJiv: dens i ty , to be 



caused by the perceptual l earning their subj ects undergo in 

adapting to th•::Jir distorted visual experience. 

Several of the modern theories of sleep function were 

reviewed in Chapter 2, including those which link RS'}I sleep to 

cognitive processes . Zimmerman, Stoyva, and Hetcalf (1970) have 

produced evidence broadly supporting this type of theory. Hore 

specifically, t hey propos e that stage I ILH sleep is strongly 

involved in perceptual learning . Thus they ,.,.ould seem to i mply 

that stage I R..::JII should be depressed dur-ing perceptual deprivation. 

Examination of several other variants of the R.2H-cognition 

theory sho•·JS that they , too, would predict that stage I R.i!-7·,1 shou1d 

decline in subjects exposed to perceptual deprivation. Shapiro 

states , 11 In brief, then , the propos ed theory assmnes that the 

total input of Sisnals received by the brain in the Hak::i.ng state 

requires some f urther process ing to prevent overloading of the 

available facilities for stor·ing and process i ng inforl"'?-tion •••• 

It is not clear ·Hhether all the data processing is experienced as 

draanLi.ng, but it is sugp;ested that much of it is thus experienced, 

and that particularly critical and significant process ing is 

necessarily experienced as dreaming. 11 (1967, pp. 78-79). In the 

terms us ed by ~hapil·o, it is obvious that deprivation involves a 

large reduction in the total input of signals received by the 

brain. Cons equently, the overloa.d ~rhich the dream processing 

serves to prevent would probnbly be mi nimal. If this is the case , 

and the need for dream processing j_s r educed , it might be ar,sued 

that dreamin~ i~s elf Hould bo r educed . 
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The 1'P11 -hypothesis of s t a ge I R~'i sleep advaneed by 

DeHan (1968 , 1969; Greenber;:; and De\va n, 1968) is si!'lilar, 11 P11 

stands for progra mming , a proces s which involves the integration 

of ne-...J" information into past information stores. Programming is 

believed by DeHan to occur at least partly during R::SN sleep. If 

the depriva tion conditions are considered \·Ti thin this t heoretica.l 

frameHork , it -vrould seem that very little n ei-r information is 

available ~ In consequence , the need for integration of new and 

old infor l;'.a tion, as pro g:ranmrl.ng , Hould b e r.Unimal, and stage I R..Sl'I 

might be expected to de crrea.se • 

.Feinb·3rg and ...!;va 1·ts state , "The possibility tha t .3-:r:~n is 

especially i mporta nt for the r estructu:cing of memories is based, 

118 

in part, on its high level of nem·ona l a ctivity. , •• '>i ha.tever the 

origi n of the ne;.lr onal act i vity of S - ?.. 21:[ , its intens ity a nd al ter ed 

spatio-temporal p.::. ttern a re cons istent vJi th e. rolo in eithe r engr am 

consolida t i on or de cay." (1969, p. 341). A~ain, this pa rticul a r 

theory s hares much in c:o~.rmon vri th t hose of .:; hapiro a nd De;van . 

Though no mention is made specifically of ext ernal conditions which 

influence mGi"lor y r estr uct uri ng or engram cons olidation a nd d eca y, 

it is i mplied tha t t he initial i ~npetus for thes e proca::;s es is t he 

presentation of j_nfor ma .. tion to t ho organism. If conditions are 

such t ha t v ery litt l e i nformation i s present ed , as i n depr ivation , 

very lit tle r estructuring would b o called for, a.nd it mi ght he 

predict ed t hat stas e I R.t::I··f Hould d ecl i ne . 

Although Fishbein (1969a , b, a nd c) has been more specific 

in deta i lin.s the function he pl~oposes fo r s tage I [Li,1'·! s l eep, his 
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theory still i s concerned Hith memory. "Paradoxi cc>.l sleep may 

be e>. p eriodic meche.nism for securi ng and m:tintaining i nfor ma.t ion 

for long-term rrtemory. n (1969a , p. 225) . The infor mat ion presented 

t o s ub j ects unde r goin3 perceptual depri vation i s mado a s monot onous 

as possibl e , e.nd i t could be a r gued t ha t t his -vrould b e unl ikel y t o 

b e s el e cted for long-terf;l memory. If this i s t he case , s tage I 

REH s leep would have very l ittl e data to secure and ma intai n for 

long-ter m. storage , and might b0 expected t o be r educed . 

All thes e theories , then , >·Then extended to encompass 

perceptual d epri va ti()n , could be constr ued as pr edi ct i ng tha t stage 

I Rc-?~ ·Hould de cl i ne as depr ivation pro g1·es sed . Very earl y in the 

deprivat ion period , ho';.-wve r , the i nvB.ria nt nature of the s ensory 

i nput mi~ht not y et he pe r ce i ved by s ub j e ct s a s monotonous , but 

would l'at he. r repr osent a quite novel stimulu.s situation . Nevrman 

and L:vF.ns , in presenti ng thGi r theory of the f tmct i on of ~ ~~-: sleep , 

quite specifically i nvo ke t hi s concept of novelty. 11 Perhaps the 

most i mportant f a ct or 'IT~ic}1 needs to be cons ider ed i s ou r 

propos i tion tha t dream cleare.nca is , in fact , an exar'lina t i on of 

novel 1nateri a l collec't.cd. by the sys ter:1 in the cours e of the day . 11 

(1965 , p. 5J1.:.) . In f a ct , the var ious other theor:tes vThich ha \re 

b e en r evieHed al so r ecogni ze , either i mpl icitly or explicit l y , 

t he i mpor t ance of novel i nfo rrrJation . To ill~:s trate , Z. i l'T['ner man , 

~ t .. "t -:-- J.. ~ ., ~ ( ~ r'\7" ' - - __ .. _, .... _, 1 .L 1 . t .:> oyva , ana ~- -"' vCct_u. \. J./ v ; pr vv .~- ~<t::u a nove p e1•cep ~_,ua envlr on'f1Jen 

f or thei r s u.h j ec:,s by requirin~ t herrt to ~<-:ear disto:ctin~ s pecta eles • 

and consider tha t 11 • •• P.r-=:·l .sleep is strons l y i nvobred in ada pt ation 
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to novel sensory input, in perceptual learnin~ . 11 ( p . 14). The 

11 P11 -hypothesis of Dewan (1968, 1969) states that stage I F.GH 

s erves to j_ntegrate new informa tion into past infol'mation stores . 

Broadly stated , t hen , all these theori es cons ider that novelty 

has a positive relation to stage I H.6'!vi sleep. It has been pointed 

out above that the early part of the deprivation period could be 

viewed as a novel e:x--perience , i n tlvJ.t i nvariant. sensory input is 

an extrarne depc1.rture from the subjects 1 normal experience . 

Consequently, it might b e expected that stage I TL::I·! ' '7ould be 

elevated early in the deprivation period , although it would later 

t end t o decrea.se as the nov0lty of t he s ituation dissipated and 

monotony truly set in . Further , it mi:sht be ar~ued that the normal 

perceptu::Ll environn1ent , aft.8r several days of the P'lonot.ony of 

deprivation , would itself then appear novel to deprived subjects . 

If this j_s the cas e , sta.ge I [E;-[·I Hould be expected to shoH an 

increa s e vihen measm·ed a fter deprivatio:1 . !<ore specifically, 

this effect mi~ht be seen r11ost prom:inentl~r on the first post-

deprivation night, when tho C·:mtre>.st b etween the normal and the 

deprivation environments , and her"ce the novelty of the normal 

environment , would be greatest . 

The present study does not unequivocally suppo1·t these 

predictions . ·;d th Nle;ard to the early part of deprivt~ tion , 

is t1·ne t.La t o.l l eizht subjects sho1.•led an increase in stage I R::;~1 

on day 1. Ho,;ever , as has been discuss ed ;reviously, there are b;o 

other quite plausible rea.sons , ~siclf~ from the novelty theory , 

v.rhic:h could acc:om:t for this. One is the f<tct t.b?.t 2.11 su'ojscts 
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whieh, if this clopress:ion indica t es a slizht degree of P...2·I 

deprivation , 1.\ould then make the day 1 increase appear as a 

rebound effect, as described by Dement (1960). The other reason 

concerns the greatly increas ed sleep show-n by all subjects early 

in depriva tion , since \·lebb and AgneH (1970) have shoHn that an 

i ncrease in stage I !1£·.:!"! is normally associated Hith an i ncreasR 

in sleep . The principle of parsimony would suggest , t hEm , th<>.t 

it is not necessary to vie,.; t hE": day 1 increase in stage I ?..BH as 

the eff<~ct of a novel situation . 

flcr j_s the pr0diction of an i ncreC?.se in stc:.ze I ~2-~ durin1:; 

the postdeprivati on period entirely borne out 1)y the present 

experim·:mt."-1 evj_dence . Only t Ho subjects sho-.recl exc <':ssj_ve arwunts 

of this sta.gEJ fo1lo:dng depdvation . Of t.h8se hro , one shovJed a 

progressive deerease over the three postdr~privation nights , but 

the other show:;d a progress ive j_ncr E-J~;. s R . All other su0je cts shoHed 

postdeprivation values for this ~tage t ha t ware quite consistent 

with the baselinE! valu~>s obta ::i.ned dur:i.ns ths predeprivatlon period . 

FinaJ.J.y , with regal·d to th8 predicted declir.e in stage I 

E0':·:i during the latOl' part of the deprivation period , the pres ent 

results are inconclusive . The individual subje cts varied considerably 

in th e amounts of time they spent in this stage . Thus , a.ll h-da.y 

subjects sho~;cd a d e c:cease in this stage as deprivation pro :,::r es sed , 

and hro of tho 7-d.ay S1Jbjects shoWE!d a sirr:ila1· tendency over days 

1 to ). Th8sc h;o , hov;ever , then sho;v-ed an :i.ncreccse and appeared 

tr) nc.a. int.P-in stage I I1__;; ·! at a r e1at:i.v ely (;onst<?. i1t 1 -:wel tmtil 
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deprivation ·Has terminated, an observation tha t appears at variance 

w:'Lth the prediction. The final hro 7-day subjects shov;ed almost 

no change in this stage throughout the deprivation period. 

Another theorist who proposes tha t sleep is necessa.ry for 

cognitive funcU.on is r-:oruz7.i. lie sta t es , "Hence, sleep should 

not be regarded as a period of recove1-y for the entire cerebrum, 

but only (or n:ainly) as a. period of recuperation for the synapses 

where pla~tic: ( !T'..acromolecul ar) changes occnn·ecl durj_iJe; ·Hakef11lne.ss , 

as a cons equence of higher nervous activiti es such as thos e 

involved in learnine or concli tioning. 1
' (1966, p. 376). This 

proposal differs fro m the others discussed in this ehaptcr in that 

Eoruzzi does not s pecify Hhir..:h stage of sleep is involved in the 

l earning proces s , but instead speaks of sleep as a whol e . 

Nevertheless , since deprivation provides little j_nformation a.nd 

hence little opportunity for l earning , it might be al~gued that 

sleep itself , or one of its stages , should be clecrea.sed i n the 

later part of the d eprivation period. Chapter 4 has shNm that 

this is not the ca.s e . Thus , it. vJotU.cl s eem tha t this hypothesis 

is unsupported by the present experimental evidence . 

Another class of theories concerned •ri th the ftmction of 

sleep Has also r evie-:,.red in Ch.:tpter 2. ThesE"~ are f e";er in number 

and l ess variable in details than the R 0"'1·T~cognition theories. and 

quite specifical ly propose that slovr-Fave sleep is r el ated to 

recovery frorn physical fr,.tisue . To quote }Jobson 1 
11 ••• a functional 

role of synchroniz ed sleep in recovery from f n.tigue is stron~ly 

sue; ~;est <3d . 11 (1968 , p. 1505). Among t ha published experinents 



concerned l<ith this proposB.l can be fo1md those which support it 

(Hobson, 196B; }latsumo to et a.J. , 1968) and those which do not 

(Webb and Friedm!lrm, 1969; Eauri , 1968 a and b , 1969) . When 
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applied to subjects under~oing perceptual deprivation , this theory 

wou.1d seem to predict a decrease in slo-w-Have sleep, on the b,.q_sis 

of the follotdng considerationse Deprived subjects are genera.lly 

restricted to l ying on a bed , and so are certainly much l es s active 

than normal . even thoush they shov; a pro~ressive increas e in 

restlessness during deprivation (Srrd.th , Eyers , and !·Iurphy , 1962, 

1967) , this is unlikely over to exceed or even approach the 

activity l evel of a normal da.y . In consequence , deprived subjects 

are exh·emely unlikely to b e physicalJy fa.tigued , and m.ie;ht be 

expected to sho-"-" a decline in slo"l-r~Y.rave sleep . Results obtained 

in the present experiment do not confirm this prediction , since 

stag<>s I II and rv, ~erhich constitute s lo-vr-wav8 sleep , do not change 

at all durin g the deprivation period . 

Very diff er ent f:;,~ om any of thE.se theories of sleep and 

drea!ll function , which are based on experi mental evidence , is the 

p..sychoa.nalytic view of drear:d.nc; . As the ori::;inator of these 

theori.es, Freud (1953) r egarded sleep, and especially dreams , as 

an opport1..mity to suspend the reality testin:_: function and revert 

to a moi.'C primitive mode of thought , vihich he called priT'la1·y 

process thou~ht. There are several theor:i.es of s ensory deprivation 

based in thj.s psychoanalytic tradition (:i.apaport, 1958; '2-oldberger 

and Holt, 1961) Hhich consider that this prlmary process thinking 

ls enhanced unde:..· t hese conditions , Hllile secondary process 



thinking is depressed. Hallucinations are one of the observable 

manifestations of prim&ry process thou~ht, appearing in the 

vlaking state only in psychotics, but transformed into the vivid 

imagery of dreaJrJ>."> in norrr..als, It is h-novm that deprivation 

conditions can produce hallucinations in normal subjects , though 

this is by no means an invariant feature of the deprivation 

experience, One would expect a reciprocal relationship between 

the prilnary processes involved in hallucinations a.nd dreams 

during deprivation, such tha t a difference b etween deprived 

subjects who do and do not hallucinate might be observed in some 

aspect of dreaming sleep, or stage I :L~1I. This difference should 

appea r as a decreas e in stase I H~1·1 for hallucinato1·s as opposed 

to non-hallucinators, since pri~ary process material appears in 

the hallucinations and 1-rould then not need to be expressed as 

dreams . The present experiment included only one subject (P.C.) 

1.-;ho experienced full blo>·m hallucina tions. It is of interes t. that 

this subject did not differ from the others , all non-hallucinators, 

in the amount of time he spent in stage I :\ r!J·:. 

P. C. first reported co~:nplex ha.llucination.s on day 3 of 

deprivation, but admitted he had experienced some vivid visual 

j.magery prior to this, although he had not mentioned it. 

Frequently, the hallucina ted scene 1-.ras a landscape , and Ha s 

obs erved by the subject from a bizarre position. For example, 

he vietved a 1<-i.gh cliff as though he 1·mre suspended j.n the air , 

or an array of underground stala r~t:i tes a.nd stalagmites as though 

his head•·rere pressing against th8 cav ern's roof. P.C. fr equently 



125 

used the 1.vords grotesque and Hierd to describe his experiences, 

as, for example, in rela.tj_ng a scene of a cobbled street, whose 

stones were not stones at all, but the heads of :rnany pri:rlJitively 

formed brown creatures. This evidence, then, seems not to support 

the psychoanalytic approach to hallucinations and dreams . 

To summariz.e, the data collected in this experiment do 

not seem to support any of the current theories of sleep function, 

nor any simple form of the arousal interpretation of deprivation. 

Hore specifically, those theories vihich link stage I R.2Jv! sleep to 

some aspect of cosnitive function, either learning itself, or 

information processing, or memory storage, seem to generate 

inaccurate predictions when applied to the deprivation situation. 

Even vThen they make provision for the particular i mportance of 

novelty, they are tmsupported by the present experimental data. 

Neither does this experiment confirm those theori es which propose 

that slow---vmve sleep plays a role in recovery from physical 

fatigue . rurther, the proposal of psychoanalytic theory that 

stage I R~·I should decrease in hallucinating subjects s8e:rJS to be 

untrue. Similarly, the a rousal inteqwetation of deprivation 

\vould s eem to have some difficulty in accounting for the finding 

that deprived subjects return to n normal sleep-wakefulness cycle 

as deprivation progresses. 

In conclusj_on , thene it would s eem that the recent 

emphasis of sleep theorists on both cognitive and phys ical fatigue 

functions has been ll".ispl;~.ced. The present r esults suggest t h!l. t 

sleep is still a biological phenomenon of unknovm ftmction, 

I 



regulated in a l a r gely unknoHn v.ray. As for the arousal 

interpretation of deprivation, it is clear that, in the 

oversimplified form in wr~ch it is sometimes used, it fails to 

account for the present findings. Although it is v.rell kno•-m that 

the reticular forrnn.tion is itself influenced by the cortex whose 

actj_vity it regulates , f ew theories of deprivation phenomena take 

account of this downstream activity, preferring to concentrate on 

the ascending reticule-cortical influences . An arousal theory 

which fails to recognize descending activity is unable to account 

for the present r esults. P.ouever , this is possible for the more 

sophisticated form of the theory (Lindsley, 1961), since it can 

be postulated that the r educed output of the reticu.lar forrr:.a tion 
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to t he cortex evokes a compensatory cortico~reticular flow, thus 

tending to res t abilize the entire system. However , the observatj_on 

that the alpha rhythm declines very slot-rly dur·ing deprivation, and 

requires long periods after-;-rards to recover its normal frequency, 

still poses some difficulties for this interpretation. It would 

seem -..:is e , then, to avoid a general application of the arousal 

theory to all deprivation phenomena. 
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