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Abstrqpt
This sfﬁdy examined the effects of 1 and 5 cumulative nights of partial
sleep deprivation (PSD} and 1 and 2 nights of subsequent recovery oversleep
on performance efficiency, cognitive processing, and subjective feeling
states. Seven paid undergraduate volunteers (5 male; 2 fehale) aged 18-23
who had normal sleep patterns (mean TST = 7:6 hr) participated. They
followed a 9 day testing schedule (a.m. and p.m. sessions) interspersed
over a 17 day period consisting of a practice day followed by 2 days in
each of the experimental conditions: prebaseline, steep deprivation (-40%
TST per night_for 5 nights), recovery oversleep (+40%, +20% TST
respectively for 2 nights), and postbaseline. Mean all-day performance was
significantly impaired on the 1-hr Wilkinson,auditory vigilance test and on
one (simple RT) of two {also four-choice serial RT) short-durati?h (10 min)
portable cassette recorded reaction time tests. Subjective ratings of
sleepiness Stanford Sleepiness Scale (SSS) , mood, and energy also
indiﬁated ne%ative changes with i]eEP reduction; SSS ratingg, however, JSd
not correlate with performance measures. Quantitative and qualitative
all-day changes in‘20961tive proce;sing were observed on the Wisconsin Card
Sorting Test, but not on an anagrams test. These changes were especially
pronounced during the period of recovery sleep which otherwise promoted
rapid funct%oha] restitution in all non-cognitive measures. Time of day
effects were also evident on most performance tasks particularly on the
days following 1nitial shifts in sleép time.  Results were discussed in
relation t6 the objectiQe-and subjective consequences of sleep reductions
and. extensions, the effect of pre of task, circadian rhythms, sensitivity
of the 'SSS, cognitive strategies, psychophysiological substrates, and

-

clinical implications.
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Introduction
It is certainly a not uncommon social event for individuals to
entertain periods of shortened and prolonged sleep. Whether due to
insomnia,‘pleasure, or excessive work load, we all at one time or another

receive less than our usual sleep ration; and this we may follow by one or

. more nights of extended sleep. Perhaps the most prevalent instance of this

pattern is the typical work week for many individué]s, understeeping on
weekdays and oversleeping on weekends.

Moreover, certain special populations chronically experience diérupted

sleep schedules; witness the frequency of insomnia in today's society. Of

further practical import are the effects of fluctuations in the sleep
périod in professions (e.g., medica] interns, airline personnel, shift
workers) where this may be a regular part of the job, and the intimate
connecticn between psychopatho]og& ;nd aberrant sleep patterns.

It is then of great practical and heuristic interest to ask what are

/
the consequences for the individual of too Tittle and/or too much sleep.

. Certain]y.-mpst sleep-deprived persons will claim that they do not feel up

to par, although individuals may vary widely in this respect. We may then
ask whether or not these self-perceptions translate into actual functional
impairment. If So, under what conditions? Some will maintain that they ¢an

effectively "catch up” on Jost sleep by subsequent oversleeping, while

others’will state that this only serves to perpetuate their drowsiness.

Can lost sleep be made up? Is “recubé*ative" sleep indeed recuperative? S'
Unfortunat ly,‘there are no simple answers to such questions.

\
In particular, the effects of moderate leep curtailments and extensions
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have remained rather e]us1ve the1r clear exposition comp]1cated by a

number of practical and semantic factors. Most notable among these is the

fact that we. are conscious and willful be1ngs who, despite subjective
feelings of fatigue, must “nevertheless meet the demands of our day. The
objective delineation of the effects of s]eep loss and oversleeping can
then be shrouded behind the vell of steady performance backed by gr1m

conscious effort. This leads logically to the view that a thorough

understanding of these events can only be ascertained by examination both N

of how we feel and how we perform under'such-conditions.

of short term sTeep reductions and extensions in humans. To th1s end a

.

holistic and 1ntegrat1ve approach is favoured in which not 0n]y various ,

//, 1eve]s of information processing will be analyzed but also subJect1ve

Fl

The present study addresses itself to the investiéation of the effects '

i

appra1sa1 will be exam1ned and elaborated operationally. Another primary

[ . .
 focus is methodologicatl, namely to assess the sensitivity of certain tests

and testing paradigms which are particular]y suited to research in the -

field. Finally,.what is learned presently will be related to a number of

empirical, theoretical, and practical issues so that an overall view of"
under-'andwover-sleeping effects, their basis and imp]icatiohs, may
emerge.

a

Chapter I provides a review of the Ilterature and concludes with a

statement of the problem and theoretical hypotheses. Chapter II describes

- the method by which the hypotheses were tested. Chapter I11 presents the

results which are discussed in Chapter IV. Chapter V represents a more
\ general, integrative, and speculative discussion of the principal

findings.

~




Chapter 1

>

* REVIEW OF THE LITERATURE

Sleep deprivation research 1n_gprspeétive

Sleep deprivation is one of the principal laboratory means of
gathering information concerning the functions of sleep. It can be 1ikened
tg an organ -extirpation study in physioiogy in which funétion is inferred
.frpm behavioural changes precipitated by removal. The limitations of this’

-analogy, ~however, represent one of the major criticisms that can be
djrected towéras sleep deprivation research. As Dement (1972) has aptly
remarked, sleep and sleep stages are not “things" which can be totally
abolished but rather represent confluences of events, aspects of which may
"Teak" into other periods of the diurnal cycle. Evidence of brief periodq'
. of sleep in supposedly awake behaviour following sleep loss (Bjerner, 1949)
lends strong'support to this contention. This argument aside, much has
been learned about the effects of sleep loss since the first reported
experimental sleep deprivation study by Patrick aﬁd Gilbert {1896). _
Sleep deprivation procedures are of three types - total, selective,
and %artial. Total sleep deprivation is accomp]ishquby abb]ishing one or
more consecutive nights of sleep. Traditionally this has been the most
prevalent form of sleep deprivation experiment. With the discovery of
sleep stages through electrophysiological recordings, attention shifted to
the stud¥ of the functions of the component events comprising sleep. In

the last 25 years, selective (different{al) sleep deprivation, involving



exclusion of specific stages of sleep, has been-predomipant. Tﬁe vast
majority of experiments have examined the effects of REM-deprivation,
although Jéprivation of slow-wave sleep {stages 3 and/or 4) has receﬁt]y :
-commanded more attention.

‘ Partial sleep deprfvation is reduction of part of one or several
nights of sleep. It is certainly the most common form of sleep loss
encountered in our daily lives, but h;; not been extensively studied.
Partial sleep loss represents a compounded problem because tPé inherent
organization of sleep stages is such that NREM sleep occupies the majority
of the early part of the night whereas REM (and stage 2) predominate in the
latter portion. Reduction of usual.pocturna1 sleep froﬁ 8 to 4 hr is
therefore effectively differential deﬁrivation in that REM is reduced by
about 66% but stage 4 by only 12% (Webb, 1973).

One of the traditional problems that has faced sleep researchers is
the difficulty of obtaining reliable and ‘consistent measures of the effects
of sleep loss. Certainly loss of sleep is accompanied by subjective 4
changes, yet objective specification of the nature of such changes has been
rathef elusive. Substantial research effort has therefore been directed
towards the application of certain theoretical notions concerning the
functions of sleep in order to circumvent the circular conclusion that the
main effect of sleep loss is to induce sleepiness. Premature conclusions
have had the unfortunate effect of biasing research effort and of excluding
alternative lines of reasoning.

The early REM-deprivation literature exemplifies such a trend. The

discovery by Aserinsky and Kleitman (1953) of frequent dream reports

-



following awakening from cyclical periodsoof REM sleep provided a
physiological indisator of dream activity. The later finding (Deﬁent,
1960) that denial of REH sleep resQJpéd in its rebound on subsequent night§
signified that there was .a "pressur;%'or need for such sleep. T@ese
findings prompted the proliferation of studies directed at testing the
Freudian contenfion that dreaming represented(the “safety valve" for mental
health and that exclusion of dreams would precipitate psychological
disturbance. Early studies supported the hypothesis. In particular,
Dement (1960) noted.instances of pathological behaviour following
REM-deprivation by multiple forced awakeniﬁgs. The .symptoms included
anxiety, irritability, and difficulty in concentration all of which could
approach acute levels in certain subjects. Dement reported that one
subject quit "in a panic" and two others insisted on terminatiné one night
short of thé goal of five nights "presumably because the stress was too
great" (p. 1707). Subsequent studies using more systematic assessment
procedures failed to confirm these findings even for prolonged periods of
REM-deprivation (Wyatt, Kupfer, Scott, Robinson, & Snyder, 1969). The
dccumu]atjon of evidence (cf., reviews by Albert, 1975;‘Voge], 1975) is
that REM-deprivatioﬁ is not harmful and may even be beneficial for certain
clinical populations. The modern view represents a complete turnabout from
that of 20 years ago. REM sleep is now ofteﬁ considered to play a key role
in ontogenetic development {Roffwarg, Muzio, & Dement, 1968) but to be
dispensable in adults within the Timits of individual needs for
psycho]ogica]‘resioration (Dement, *1965; Hartmann, Baekeland, Zwi]iing, &

Hoy, 1971).
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It was in the area of performance rather than clinical aspects of
behaviour that the effects of sleep loss began to be specified in a manner
which ultjmately proved rel%ab]e and consistent. This work came.from
research projects conducted by Harold Williams énd co-workers at the Walter
Reed Hospitayfénd Robert Hilkinson at Cambri?ge, EngIand.‘ Remarkably, this
did not occur-until the late 1950's, 60 years after the first sleep
deprivation experiment. '

Beginning in 1956, the Walter Reed group undertook a series of studies
designgd to evaluate testé for their sensitivity to sleep loss. Borrowing
a concept from earlier sfudies of fatigue (notably Bills, 1931), Williams,
Lubin, and Goodnow (1959) demonstrated that absence of responses,'not the
emitted responses, represented the critical feature of performance after
sleep loss. Further, the periods of no-response were shown by EEG
reocrdings to be associated with brief periods of Stage 1 sleep. Their
findings were formalized into the “lapse hypothesis" which stated that
~ sleep-deprived performance is characterized by brief perieds of response
omission which increase in frequency and duration as hours of sleep loss
increase. Implicit in this hypothesis is that even acutely sleep-deprived
individuals can Eontinue to perform accurately: performance is rendered
progressively uneven, however, due to lapses into‘brief'periods of
microsleep. Further investigations of Williams et al. (1959) involved
classification of tests in terms of demands on the subject, patterns of
deficit, and analysis of the factors which counteract the effects of acute
sleep loss.

Wilkinson's major contribution has been the development of sensitive

. ')
tests and appropriate experimental paradigms through systematic
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1n€éstigation of those factors which influence the detectability of sleep
loss effects. Principal among these are the effects of motivational
factors. A long standing problem for steep deprivation resarchers had
been the tendency for sleep-deprived individuals to react to sJeep loss as
a challenge and thereby exert compensatory effﬁrt towards bettering their
performance. This had the unfortunate effect of rendering performance
impairment precipitated by sleep loss very difficult to detect. Wilkinson
-(]961, 1969) successfully demonstrated that tasks become increasing]y
sensitive as a function of the number of times they are administered within
each testing day and the number of times subjects have experienced the
period of sleep deprivation. Presumably, the effect of repetition removes
the challenge by fostering hab{tuation to the fahiﬂiar event or situation.
Not only should all aspects of the testing situation be such as to
minimize the effects of motivation, but the tasks themselves should also be
as devoid a§ possible of interest value. This was demonstrated most
poignantly in a study (Wilkinson, 1964) showing that after 50 hr of sleep
_deprivatibn subjects could perform for an hour without degradation on a
complex and interesting “battle game”. whéreas performance suffered
increasingly with greater complexity on other tasks involving choice, the
stimulating nature of battle simulation offset these effects. -Addition of
incentive through other means, such as providing knowledge of results, can
atso act to reverse the decrement‘precipitated by total sleep loss.
(w1lk1nson, 1961, 1962, 1963b). Summarizing his findings, N11k1nson (1969)
concluded that in order for sleep loss effects to become evident,
performance tasks must be unst1mu1at1ng in nature: and to this end they

must incorporate the necessary ingredients of being prolonged “for a period



of at least thirty minutes and preferably one hour" (ﬁ. 33), monotonous,
and lacking in incentive. The sens{tivity éf tasks incorporating these
features, notably the 1-hr Wilkinson auditory vigilance and addition tests
and Leonard's (1959) 30-min five-choice serial reaction time-pest, have

been amply documented by Wilkinson amongst many others, and such tests have

become the virtual sine qua non of researchers in the area of sleep 'loss
and performance.

Recently, however, it has been found that certain tests of
short-duration prove sensitive td similar amounts of sleep 10ss. These new
tests were developed at the Applied Psychology Research Unit, Cambridge and
are a four-choice serial reaction time test and a Simp]e visual reaction
time test. .Bgcause they are brief (10 min), portable, and
éassette-recorded, they have the particular methodological advantage of
being suitable for research outside the laboratory.
| The four-choice serial reaction time test ig a hodified version of
Leonard's (1959} 30-min five-choice test. This newer test has been shown
to reflect general deterioration in performance within 5 min (Wilkinson &
Houghton, 1975). The visual simple reaction time test is based on the
auditory prototype developed by Lisper and Kje]]berg (1972) which was shown
by these authors to be sensitive to the effects of 24-hr of total steep
deprivation (TSD). | |

Both the four-choice seriq] reqction time test and the simple reaction

time test have recently been found to be sensitive to 24 hr of TSD



(Glenville, Broughton, Wing, & Wilkinson, 1978). The recent success of
these tests certainly demonstrates that tasks sensitive to total sleep loss
need not be as prolonged as previously thought.
The seminal contributions of the Walter Reed‘and Cambridge studies
" have set the course for research relating s1eep loss and performance for
the past 20 years. Moreover, their mutual findings have interacted in a
comp]ementapy fashion. whereas Williams and co- workers described the kinds
7 of deficits to be expected Wilkinson outlined the procedures necessary for
these to become readily apparent without resortlng to more extreme sleep
10oss procedures. In particular, the monoionz,zﬁFEFent in w11k1nson s _
vigilance-type tasks provided an ideal context in which lapses in
performance would be most 1ikely, to occur. At least for total sleep
deprivation then, the nature pf.performance deficits on sensitive tasks is
‘mow largely understood, theorEFica11y interpretab]e, and easily replicable.
//The findings for more modest sfeep reductions, such as partial sleep
deprivation, are, however, neithér as consistent nor as clear.
!

)
Partial sleep deprivation

The effects of partial sleep deprivation (PSD} on performance have not
been extensively studied and our knowledge in this area is incomplete.
This is at Tleast partially due to the traditional difficulties encountered
in reliable detection of performance deficits following more severe sleep
loss and the lack of a strong theoretical impetus such as that which
sparked the proliferation of REM-deprivation studies. It is also a

function of the presence of a number of powerful "nuisance" variables which
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contribute stFongly to ambiguity of interpretation of PSD findfngs and
which may render proper execution of such studies rather laborious. These
scertainly are related to the 1ncons1stency of f1nd1ngs in this area (cf.,
review by Johnson & Naitoh, 1974; Kleitman, 1963). -

Unlike other forms of sleep deprivation, reduction of sleep comprises
a virtually infinite range of possibilities. In any PSD study, early
decisions must be made as to the amount of sleep reduction, the duration of
sleep reduction over days, and whether to reduce sleep by'delaying time of
retiring or advancing time of arising. Differences among thesg factors
dcross various studie§ mi]itaté‘against their comparison and obscure tﬁe .
emergence of general trends. )

The influence of circadian rhythms is a most potent .contaminating
factor in PSD studies. Because reducing sleep length necessar11y involves
changes in the time of ret1r1ng or ar1s1ng part1a] sleep loss also alters
the timing of the usual sleep-wakefulness cyc]e. There always exists,
therefore, the strong possibility that performance deficits following PSD
may have been due to disruption of normal-body rhythms irrespective of loss
of sleep. Evidence to this effect has been presented by Taub and Berger
(1973, 1976 a, b). In their experimen}s it was shown that 3-hr advances
and delays in the timing of sleep without shortening the sleep period
resulted in perforypnge deficits equivalent to thaE for 3-hr sleep

“reduction. Moreover, performance degradation was most pronounced in the
early mdrning, and exaggerated time of day differences are ﬁide]y
interpreted as reflective of biophythmic.disruption (Lubin, 1967; Taub &
Berger, 1973, 1976 b; Wilkinson, 1962, 1963 a). These findings suggest the

potentiating influence of shifts in the phase of sleep for one night on

natural body rhythms.



A related finding (Hartley, 1974) implicates the effects of diurnal
changes with cumulative sleep reduction. Hartley found that the equivalent
of half a night's sleep distributed throughout the course of the day for
three days upset performance less than the same ration taken in single
blocks. The author interpreted this to mean that the duration of time
between.awakening and testing represents a crucial fac}or in sleep
reduction experiments. .

These findings demonstrate the necessity for consideration of the role
played by diurnal changes in PSD experiments; They certainly show that
results may vary widely depending on the time periods selected for testing
of subjects. Because sleep reduction and circadian shifts are ine&tricab]y
linked, study of the pattern of performance across dlfferent t1mes of day
may provide an important clue to their disentanglement. 0Uf part1cular
interest is whether or not diurnal fluctuations, evident following abrupt
shifts in the circadian cycle, are gradually tolerated, as might be
suggested from studies showing adaptation to long-term sleep curtailment.
Analysis of intgrabtion between time of day and term of restricted sleep,
absent in previous studies of cumulative PSD, is worthy of. fuller (’
consideration.

' Anqther complication derives from individual differences in sleep
Fequirement. It is well known that persons may vary widely {n this respect
as evidenced most dramatically from studies of short sleepers who function
without impairment on as little as 1-3 hr sleep per night (Jones & Oswa]d,_
1968 Meddis, Pearson & Langford, 1973; Stuss & Broughton, 1978). Only the
subJect of Stuss and Broughton was tested under conditions of both PSD and
oversleeping and therefore was proved to be obtaining his -optimal amount of

sleep (about 2 hr). This condition of natural short sleep aside,
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individual needs for sleep may encompass a wide range, and short and long
sleepers may display brofdund differences in personality (Hartmann,
Baekeland, & Zwilling, 1972; Moﬁroe, i967). Moreover, variations in sleep
requirement may occur within the same individual (variable sleepers), the
demand for sleep increasing with psycho]ogica]'disturbance and decreasing
when “things are going well" (Hartmann, 1973). .Subtraction of a fixed
amount of sleep may therefore exert disproportionate consequences for
individuals varying in sleep requirements, as shown by Taub and Berger
(1976 a), and even for the same individual depending on current
psychological status. This would also be the case among individuals of
different ages as sleep need is known to be age-related (e.g., Webb, 1972).
Thus a fundamental control in sleep-deprivation studies is to insure to the
greatest extent possible that subjects chosen for study are homogeneous
with réspecp to sleep requirement.

Finally, individuals may also differ with respect to habitual diurnal
patterns of rest-activity. Time periods selected for sleep and for
subsequent testing must take into account differences between
mqrning—active "larks" and evening-active "owls" (Johnson & Naitoh, 1974).
To the extent that individuals differ on any of these dimensions, within
group var%abi]ity is increased and the saliency of principal effecﬁs
thereby‘giluted. .

Failure to control for many of fhese factors may account for.much of
the diversity of findings in the sleep reduction Titerature. This is e
certainly the case for the early PSD studies (1916-1934) which were further
hindered by small sample size, unsystematic observations, and lack of

sensitive tests. These studies, concentrating mainly on the effects '

s
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of partial sleep loss on memory, motor responsesy and cognition yielded no
consistent findings; and the effects of PSD’S; perforﬁénqg\cou]d not- be
inferred (cf., review in Kieitman, 1963). \ J

Between the mid-1930's and early 1960's the literature is silent on
sleep limitation. With the resurgence of sleep research based upon EEG
monitoring, there was a renewed interest in fhe effects of'paftial sleep
loss. Since 1965, 10 studies have investigated the effects of PSD on
performance. Profound differences in findings between short- and lTong-term
studies suggest that these be grouped according to duration of the
restricted sleep schedules.

Studies of prolonged limitation of sleep Tength over perjods ranging
from 2 to. 8 months report re}ative]y modest effects even though supposedly
sensitive tasks were dsea. Accbrding to Webb and Agnew (1974), the
principal effect of 60 days.of 5.5 hr sleep per night is on subjects'
motivation. The authors noted that a slight but steady decline in correct
detections on the Wilkinson auditpry_vigi]aﬁce tasg was.accompanied by a
steady decline in false‘pésitive,rate, thus indicating that deterioration .
in performance was most 1ikely due to an increasing unwillingness to report'
signals. |

Studies of gradual curtailment of 'sleep time over much more extended
periods have shown that subjects can adapt to such schedules. Johnson and
MacLeod (1973) had two subjects reduce their sleep time downward to 4.5-5.5
hr per night over a period of eight months. Limited changes in mood and
performance become apparent after eight weeks (5.5 hr total sleep time per
night), but these were neither marked nor cbnsistent. An eight-month
follow-up report indicated that both subjects had maintained a sieep

schedule of 1 to 2 hr below their previous baseline.

-
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In a more comprehensive extension of ‘the gbove stg@y (Friedmann,
Globus, Huntley, Mullaney, Nqitoh, & Johnson,“lé77), four young adult
collegiate couples volunteered to curtail habitual sleep Emouqt by 30 min
intervals until they did not wish to reduce sleep further. Although
subjects began to vefba]ly complain of discomfort between 6.5-6.0 hr of
sleep, all were able to maintain the restricted schedule over an eight
month period by which time they were sleeping 4.5-5.5 hr per night.
Moregver, ﬁerformance on-such sensitive tasks as the Wilkinson auditory

/@igilance task, the Wilkinson addition task, and a modified Williams Word
Memory task showed no significant impairment. Follow-up reports revealed
that total sleep time decreased by 1.0-2.5 hr below baseline w;s maintained
voluntarily for at least one more year.

As suggested by the authors, there is some plasticity with respect to
sleep length when it is reduceg gradually over a long period of time.

Quite a different picture is obtained, however, from sfudies 1nvo1ving‘
abrupt reductions in sleep duration over periods ranging from 1" to 8 days.

Much of what we do know of the ﬁatﬁre of performance deficit
subsequent to short-term PSD comes from the work of Wilkinson and ’///’//
co-workers. Emphasfzjng the necessity of kepeated administratj H of
prolonged and monotonous vigilance tasks, Wilkinson et al. hgve
demonstrated in detail the effects of short-term partial sleep loss dn
perforﬁance on the.I-hr Wilkinson auditory vigilance t&sk and the 1-hr
Wilkinson addition task. In the first of two related.studies (Wilkinson,
Edwards, & Haines, 1966; Ham%lton, Wilkinson, & Edwards, 13739,.51x
subjects followed a schedule of 0,.1, 2, 3,5, and 7.5 h?f%?hsleep on two.

consecutive nights in each of 6 weeks, counterbalanced so that each subject
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received each of the sleep treatments at a time different from the others.

SUbJeCtS were requ1red to spend virtually the ent(fg/festlng day on

calculation and v1gT]ance tasks Decrements in performagfe occurred when -

sleep was reduced  to one hour or nq sleep was allowed at all, for lhnight,

or where 3 ﬁF of sleep (or:less).were permipped over 2 consecutive nights.,
Utilizing a sigﬁa] detection theory analysis (Tanner & Swets, 1954) on the
vigilance data, Wilkinson (1969) later concluded that signal ﬁetectabi]ity ‘
(as indexed by g')-was impaired when curtailment of éleep time intriuded
upon slow-wave s]eep (Stages 3 a ), whereas willingness to respond (as
inferred from _) dec]1ned with less severe restrictions 1nfr1ng1ng mainly
on,REM sleep periods.

In an extension of this study, Hamilton, Wilkinson, and Edwards (1972)

examined performance following 7.5, 6, and 4 hr of sleep per night for four
consecutive nights in each conditiéh, and observed a signﬁf?&ant decrease
in correct defections'and number of sums added at -the 4Lﬁr level.
Moreover, the 4-hr ration showed a cumulative deterioration effect over the
4-day period. For the vigilance task, this was ascriﬁed to a ]eve]lihg of f ®
of the intrinsic capacity to detect signals {d') which otherwise showed
sﬁbstantia] improvement with practice. In sum then, the findings of
Cambridge studies suggest that degradation in performance is a definite
consequence of_short;term PSD. Sucﬁ changes however are not re%di]y T
apparent and require rigorous experimental procedures to facilitate their
détection.

Other.studies of short-term PSD have produced mixed findings.
Independent confirmation of the Cambridge studies has been reported‘by

Frazier, Benignus, Every and Parker (1971) utilising é visual dété ion
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task. Thegé authors féund a deterioration in percent detections and
; response latencies across 3 days o('a 3-hr regime. Conversely, Sampson'
\(1966) found only modest deficits in six subjects when sleep was reduced to
2.5 hr for 3 consecutive nights. The tasks in this/study, however, were
digit span and A'COmplex serial subtraction task, and being stimulating and
of short-duration, are not of the pre generally adknowledgEd to be
sénsitive to sleep loss effects. A study by Webb and Agnew (1965) revealed
no uniform or cphsistent changes over the first'6 days of an gzgﬁy scheﬁu]e
of 3 hr s]eep~£:t night. Only after the last two nights of s{égﬁ reduction
were deficits apparent on such sensitive tasks as auditory and visual
vigilance and paced addition. -In direct contrast, the above mentioned
works of Taub and Berger (1973, 1976 b) and Hartley (1974), although
#ftressing the importance of circadian upset, present definite evidence that -
reduction of half of one night's sfhgp is suffici

performance. C

There seems to be some disagreement'there‘ore with respect to the

t to adversely affect

effects of short-terﬁ PSD on performafice, although the weight of evidence
seems to support the contention that performance deficits are detectable
when appropriate experimenfa] prbcédures are utilized. Wilkinson et al.
(]966) argued that negative results from PSD studies are due to the use of
testér;h1ch are too short and Tack of an experimental paradigm wherein the
tests are scheduled throughout the work day. The recently proven
sensitivity of short-duration reaction time tests to one night of TSD,
however, suggests that the work .load need not be so prolonged to show
—-changes from acute sleep manipulation. Especially because of the pétential

usefulness of .these new tests in work settings in which partial sleep loss

x
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-is a common problem; their susceptibility to the effects of PSD should be
examined. \“ |
Other methodological changes incorporated in the present study are
designed to-minimize the effects of a number of factbrs which have
contributed, across studies, to heterogeneity of findingiland, within
studies; to obscuring of main éffects. Principal among thése is the
operation of circadjan. influences which can only reasonably be inferred
fromjthe pattern of diurnal chéngéé.fol]owing baseline and increasing
amounts of sleep loss. (Other factpts_reﬂating to individual differences
will be controlled by selecting for study individuals who are homogeneous
with_re;pect to s]eép réquirement, age, psychological status, and hébitual
ﬁatterns.of rest-actfvity. As an additional control for variation in sleep
time, sleep redtcti;n wflt be calculated in proportion to habitual amounts
rather than in arbitréty‘absolute amounts. Study and control of these

variables shou]d hopefu]ly permit a less contam1nated evaluation of the

effects of PSD on performance.

Recovery sleep

Even Tless studied than partial sleep deprivation have been the effects
of recovery sleep following sleep loss. If‘mentioned at all, this topic
" has trad1t1ona11y received only secondary 1nc]us1on in primarily sleep
depr1vat10n experiments ‘and has been examfned from the common-sense
perspect1ve that such sleep serves a recuperative function. The exact
meaning of recovery sleep, however, is not unambiguous and findings may
vary substantially depending. on the usade of this term. .Intqitfvé1y,

recovery sleep connotes that there is a sleep debt but the requirement for '

’
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such sfeep may vary widely depending on the extent of sleep loss. Further,
recovery sleep may be of usual dqration or prolonged (oversleep), as is
génerally the case after acute steep loss of 3-11 days. Conversé]y,
oversleep may occur in the absence of s]eep.loss and studies of the effects
of non-recuperative extended sleep are also relevant here.

The vast majority of modern-day studig§ have stressed the rapfd return
to basé]ine of psychophysiological indices of arousal with oversleep
following acute sieep loss. Returﬁ of the alpha rhythm.is initiated after
1 night of recovery sleep and is comg]ete after 2 such‘nfghts (Naitoh,
Kales, Kollar, Smith, & Jacobson, 1969; Williams, Granda, Jones, Lubin, &
Armington, 1962). Peripheral measures of activation exhibit a less uni%orm
trend; whereas heart rate reaction to cold pressor stimulus returns to
baseline after 1 night, body tempefature remains consistently depressed
after 3 such nighis (Naitoh, Pasnau, & Kollar, 1971). Tyler {1959) has
suggested that the ongoing activation evident for certain peripheral
Tndqus maydref]ect continuin?_compensatory effort required to return
cenEra] mechanisms to optimal fdhct{oning.

Measures of behaviour-tehd to exhibit a parallel course of rapid
recovery. Transient symptoms resembling those of psychosis or neﬁral
damage are quickly reversed (Johnson, Slye, & Dement, 1965; Morris,

Williams, & Lubin, 1960; Tyler, 1959). Subjective complaints such as

dizziness, irritability, and headache (Robinson & Herrman, 1922) and
. v L]

feelings of fatigue and exertion (Robinson & Richardson-Robinson,'1922) are
abolished by one night's sleep of 8-10 hr: and normal behaviour in general
is restored b} one night of overs]e?p (Kleitman, 1963; Patrick & Gilbert,
1896). |



The begeficial effects of recovery sleep are supported by studies
using sensitive indices of performance efficiency. Within 1-3 nights of
recovery sleep following acute sleep loss impaired performance in vigilance
(Williams et al., 1962), reaction time (Williams et al., 1959}, and

tracking response (Naitoh et al., 1969) is restored to normal levels. The

overwhelming evidence from all sources suggests, at least when there is a

.' profound §1eep debt, that ‘recovery sleep promotes rapid functional

Jrestitution. The efficacy of considerably lesser amounts of recovery sleep
relative to amountsk1ost in these studies attests to the remarkable
resiliency of the human nervous system after profound sleep loss.

It is perhaps not surprising when tﬁe sleep requirement is great, that
subsequent extra sleep should prove beneficfa]. Such is not the finding,
however, after less or no sleep has been lost. Nonrecuperative sleep
extended from habitual amounts may even prove maladaptive. The single
previous study of performance during recovery from partial sleep loss was
conducfed by May Smith (1916) who used herself as the subject.r Although
hardly valid in terms of experimental rigour, it is nonetheless interesting
for it§ subjective point of view. Attempting to account for large and
persistent declines 1ﬁ performance during recovery from three nights of
shortened sleep, which by‘themse]ves produced no impairment, Smith drew
this apt'analogy: ”It'is as if a man who has habitually lived on his
in?ome is suddenly confronted with an unforeseen demand for money. He may,
as a solution, break into his capital, i.e., he will temporarily have
cbmmand of greater resources than nqrmal]y are his, and his reserve force

is thereby lessened so that later less is at his command." {p. 345).

f"
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More recent studies have suggested that the waking behaviour of
oversleepers is characterized by a sluggishness resembling the exhaustion
of energy reserves depicted by Smith. Globus (1969), on the basis of
clinical observations, described it thusly: "the late sleeper on Sunday
morning sometimes complains of feeling washed out and blah. Paradoxically,
despite all his sleep, he feels tired or even exhausted. The late sleeper
may complain of difficulty in concentrating; he feels irritable and
depressed; he may note a mild headache." (p. 529). In order to examine the
hypothesis that extra sleep may produce deleterious subjective effects, _
Globus (1969) administered questionnaires to 59 volunteer students. On
this basis he‘described a “"worn-out syndrome" following extended sleeb. It
is characterized by feelings of lethargy, irritability, and
thick-headedness and is manifested most strongly when the duration of sleep
1s greater than 10 hr and no previously lost sleep is being made up.

Combining these findings with those reporting the detrimental effects of

sleep loss, Globus suggested: "There may be a rather narrow band for v

.duration of sleep which is optimal in its physiological effects, with

deviations on either side being disruptive." (p. 534).

The negative consequences accruing to patterns of excessive sleep are
supported by clinical observations. Rechtschaffen and Roth (1968) have
reported on "postdormital confusion" in hypersomniacs. They noted that
these indiyidua]s were difficulty to arouse from sleep and continued to be
drowsy, copfused, and disoriented for as long as | or 2 hr following
initial arousal. Other studies noting syndromes of excessive amounts of
sleep in this and other clinical populations are listed in the following

section.



Deficiencies in performance following extended sieep and recovery from
one night of total sleep loss have also been reported. Taub and co-workers
(Taub & Berger, 1969, 1973; Taub, Globus, Phoebus, & Drury, 1971) have

described what they term the Rip Van Winkle Efféct. It is characterized by

performance degradation and ﬁoog changes most pfonounced in the early ‘
morning hours following one night ofﬁnon-recuperative extended sieep (9
hr).

Only one study has been designed with the main objective of assessing
the aftereffects of sleep deprivation. Wilkinson (1963 a) examined
peformance on Leonard's five-choice serial reaction time test and a visual”
vigilance task after recovery sleep following 36 hr of continuous
wakefulness. He found that performance declined, but in a manner
dissimilar to performance decrement after sleep deprivation, i.e., the
deficits now occurriﬁg primarily in the early morning and throughout the
course of the testing period.‘ Both Wilkinson and Taub and Berger

_interpreted the strong circadian effect-as evidence of disruption of
diurnal body rhythms.

The evidence that does exist suggests therefore that extended sleep
‘following no or only moderate sleep 10ss precipitates ﬁisturbance in a
varietyhof psychological functions. This is in sharp contrast to the
recuperative power generally attributed to recovery from more severe
curtailments of sleep. No experimental study, however, has specifically
examined performance subsequent to recovery sleep following cumulative PSD,
even though such a schedule is intermediate between these polar extremes
with associated antithetical findings. Moreover, recovery sleep following
chronic partial sleep loss is certainly a frequent social phenomenon, as

well as a part of the pathology of certain medical and psychological
disorders. It therefore is of interest for practical implications alone.

19
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Cognitive changes

In recent years, a number of theories have been advanced suggesting a
relationship between central information processing and steep. One line of
thought (notably Déwan, 1970; Hartmann,‘1§73) has maintained that the
general capacity to receive and process information is fatiqued during the
day's activities and is restored in REM sleep. - Others (e.g. Greenberg,
1970) have related aspects of the sleep process to certain specific,
preliminary functions such as memory consolidation and transfer of memories
into long-term storage. Definite evidence for relationships between sleep
and learning are the findings exhibiting increases in REM sleep following
active learning (Fishbein, Kastan{btis, & Chattman, 1974; Hennevin,
Leconte, & Bloch, 1974; C. Smith, Kitahama, Valatx, & Jouvet, 1972}, which
do not have the complication of compounding stress factors, sﬁch as REM
deprivation studies using the “flower pot" technique. Of particular
relevance tg‘the present study are those theories (Broughton, 1975;
Moruzzi, 1966; Oswald, 1976) which stress the dependence of subsequent
higher-order cognitive efficiency on neuronal recovery (chemical and/or
structural) occurring during the prior sleep period. Moruzzi (1966) has
further suggested that the critical function of sleep may be recovery of
"plastic" synapses involved specifically in learning. And Jouvet (1975,
1978) has Hypothesized that genetically controlled behavioural programming
recurs in REM sleep.

The relationship(s) between cognitive fgactioning and sleep.has been
demonstrated in studies investigating the effects of varying sleep rations
on normal populations. Acutely sleep-deprived individuals frequently

experience difficulties in sustained mental operations and may have
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periods of misperception and disorientation which in the‘extreme, may be
Tikened to schizophrenic behaviour (Bliss, Clark, & West, 1959; Morris et
al., 1960). Although the latter findings have been challenged (cf., review
by Johnson, 1969}, another more recent study (Friedman, Bigger, & Kornfeld,
1971) reported difficulties in thinking as the most common symptom
experienced by medical interns following total sleep deprivation. The
presence of certain critical errors committed by the sleepless interns
suggests the importénce of further study of individuals on altered sleep
schedules, particularly those involved in pfofessions where sleep
deprivation is a regular part of the job ana where clearheaded thinking is
crucial. ‘

The earlier reviewed‘works of M. smith (1916), Wilkinson (1963a},
Globus (1969), and Taub and others (Taub & Berger, 1969, 1973; Taub et al.,
1971) indicate that extended sleep regimes are frequently accompanied bj
functional impairment (or at least perceptions of this). Especially the
findings of Globus implicate deficits in the cognitive component (" foggy
I@hfﬁking“) on a most prominent basis. Being somewhat paradoxical, these
phenomena are not entirely understood; the co]oﬁrful use of descriptors

(worn-out syndrome, Rip Van Winkle Effect) perhaps reflecting a certain

hard-to-define quality attached to their unfolding.
Tﬁe translation of such observed and reported cognitive deficits
~following altered sleep schedules into cobjective measures of performance
has not been easy to accomplish. Unlike the prolonged and monotonous
vigilance tasks which yield evidence of impairment in primary processing
functions, tasks désigned to measure higher-order cognitive functions

(e.g., problem-solving) are intrinsically and necessarily interesting and
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motivating: and stimulating tasks ére known to increase incentive thereby
reducing sleep loss effects (Wilkinson, 1964). The notion that interesting
tasks are not vulnerable to sleep deprivation has received support from
many studies employing problem-solving and intelligence tests (Fort &
Mills, 1972; Orr, 1964; Pasnau, Naitoh, Stier, & Kollar, 1968).

Despite the difficulties encountered in obtaining objective measures
of cognitive impairment following reduced and extended sleep, the
accumul ated evidente in the broader area of information processing-sleep
relationships still suggests the reality of such changes. The previously
widespread emphasis on recording quantitative deficits in performance,

albeit succes

detection of vigilance impairment, may not be the
most suifable approach for isolating the less tangible and more resilient
higher-order functions underlying performance on cognitive tasks. There is
evidence, however, from studies in the cognitive psychology 1iterature
stressing the utilisation of strategies of concept formation, that subjects
will modify their.strategies under more difficult conditions in order to
reduce increased strain on memory and inference (Bruner, Géodnow, & Austin,
1956; Restle, 1962). Bruner et al. have shown that changes in performance
may be more reflective of methods of coping with stress than of actual
-cognitive deficits. The ehphasis is thus on the quality of performance,
the efficiency of the selected strategy, and how these vary under a variety
of circumstances. - |

According to Broadbent (1971), sleep loss may be viewed as a general
stressor which affects all properties of information processing systems.

Like performance under other conditions of stress, performance after sleep

deprivation should be characterized by changes in strategies of

.ﬂ '
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in%ormation processing in order to cope with the stress. Some evidence to
thisueffect has been provided by Hockey (1970) and by Norton (1970), who
showed that sleepless subjects make attempts to narrow the range of
attention in a marner similar to methods of coping with cognitive overload
under‘other conditions of stress (Davis, 1948; Bruner et al., 1956;
Bursill, 1958) and during emotional arousal (Easterbrook, 1§59). However,
no previous study has specifically examined changes in strategies of
concept-formation precipitated by prior schedules of reduced and extended
sleep, ﬁbr have the relative efficiency of these strategies under such )
conditions of stress been reported.

The effects on higher mental function; of sleep deprivation and
oversleeping may have particular significance to certain medical dis&rders.'
Thus depréssioh is characterized by chronic fragmented, light and
non-restorative sleep (Diaz-Guerrero, Gottlieb, & Knott, 1946; Muratorio &
Maggini, 1969; Snyder, 1968; Zung, Wilson, & Dodson, 1964), psychotic
episodes by acute periods of (often total) sleep loss (Mendels & Hawkins,
1971; Snyder, 1969), and manic-depressive illness by acute sledp Toss
during the manic poles and greatly extended é]eep during the depressive
poles (De Barros-Ferreira & Mattos, 1969; Hartmann, 1969). Moreover
narcolepsy-cataplexy is often characterized by fragmented nocturnal sleep
with pressure for sleep symptoms <n the daytime (Berti-Ceroni, Coccagna, &
Lugaresi, 1968; Broughton & Mamelak, 1976 ; Montplaisir, Billiard,
Takahashi, Bell, Guilleminault, & Dement, 1978; Rechtschaffen, Wolpert,
Dement, Mitchell, & Fisher, 1963); and idiopathic hypersomnia is
associated with non-fragﬁented prolonged and deep sleep at night often (50%

of cases) with prolonged difficulties in morning awakening ("sleep
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- drunkenness", “Schlaftr@nkenheit"), plus chronic daytime steepiness and
diurnal sleep periods (B. Roth, 1962; B. Roth, Nevsimaiova, & - jl
Rechtschaffen, 1972). \?ﬁe present investigation therefore seeks to
i11uminate the cognitive coping styles’and possible related deficits which
may represent part of the symptomatology of clinical populations subject to

chronic fluctuations in the sleép period.

Subjective charfes

Subjective cﬁanges are frequently following both sleep loss

and sleep extension. In theﬂ: comprehensive review of sleep 14ss effects,

Johnson and Naitoh (1974F viewed subjective attitude as the primary factor
affected by”ETéep loss. Numerous adjectives are common]y'emp]oyed"£; .
depict self-perceptions in the sleep-deprived state (see Thayer, 1967).
Those varying é]ong the dimensions of mood and sleepiness appear the most
prominent and widespread. This has been shown b&ﬁpoh]in and Kjellberg
(1973). Using factor analysis these authors reduced the multiplicity of
descriptioné to 4 factors operating on 2 dimensions: sleep-wakefulness and
energy factor scores related to physiological state of arousal, and stress
and euphoria factor scores related to subjective interpretation of arousal
level.

Changes in mood. are generally the first changes to be noted after even
moderate sleep Toss (Johnson & Naitoh, 1974}, and irritability and
dsyphoria are the most commonly reported” symptoms. Indeéﬁ’?;ritabi]ity
and heighténed activity levels represent the major findings of the effects

of REM-deprivation; conversely, stage-4 deprivation seems to induce a '

hypoactive and depressed.response state (Agnew, Webb, & Williams, 1967}.

, AL
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An intriguing finding'is that pfoTonééd REM-errivation (Vogel, Thompson, &
Boatwright, 1972; Vogel, Thurmond, Gibbons,‘SIOan, Boy&,'& Walker, IQ?S)
and total sleep deprivation (Pf]qg & Tolle, 1971) may be instrumental in
alleviating the symptoms of endogenous depression.: Such changes, however, .
do ' not genéra]ise‘to normals, the principal finding for one night's loss
of sleep being increased dysphoriq on all séales (Cutler & Cohen; 1979).

Tom Roth and co-workers have emphasized the mood-regulating function
of sleep in their_studies of the effects of sleep (ﬁoth, Kramer, & Roehrs,
1976) and lack of it (Roth, Kiamer, & Lutz, 1976) on numerous mood séales.
They reported that subjects become more hostile, aggressive, and sleepy
after losing a full night of sleep. Nor are such changes limited to lack
of‘sleep. As a1ready mentioned, Globus {1969) reported that individuals
feel "worn out", irritable, and jittery after extended sleep. Hartmann
(1973) in his review of short, long, and variable sleepers, has associated
tonger sleep times with psybhopatho]ogy, mainly reactive depression.

Sleep loss is perhaps best known for its potentiating effect on
fatigue. Williams et al. (1959) observed.that even hundreds gf microsleeps
could not alleviate the relentless feelings of fatigue and desire to sleep
experienced by subjects deprived of 2-4 nights of sleep. Bohlig and
Kjellberg (1973) reported that sleepiness and lack of energy are the most
reliable subjective jnd}cators of a full night's loss of sleep. en after
partial sleep loss "subjective feelings of fatigue are the major findings
whether sleep reduction occurs ?n a laboragg;y or in an operational
setting" (Johnson & Naitoh, 1é74, p; 30). The intimate connection between
_s]eep 1os§ and desire to sleep prompted Murray (1965) to postulate a

-"sleep motive" which resembles a11rothér biological motives in terms of
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need, goa]-directed responses, environmental contingencies, and satiation.
This is similar to the sleep .instinct-theory of Moruzzi (1972). It dées
however fail to explain the lethargy associated with extended sleep.

The vulnerability of subjective phenomena to disrupted sleep patterns
is 1in sharp contrast to the resistance of objective performance measures,
which require rigorous experimental procedures to facilitate detection of‘
defic{t. This stéte of affairs may make it seem, as stated by Johnson and
Najtoh (1974): "that the only thing we know for certain about éleep loss
effects is that going without.s1e§p makes one's1eepy“. (p. 1). Sim%larly,_
Rechtschaffen (1971) hqs argued that performance studies have failed to
advance our understanding of tﬁe funct{ons of slegp beyond this 1o§iéa1
impasse. Thus the effects of such factors‘as'type of task, (lack of)
incentive, and knowledge of results are suf?icient]y explained with
exclusive reference to how these influence sleepiness levelg.

' In partial sleep deprivation experiments, subjective measures may be
the” only ones to}suffer. In their study of gradual sleep 'reduction,
" Friedmann et al. (1977) found that "though performance was not
significantly imp§ired and no major psychological distdrbances were
observed, gradugl sleep reduction did not eliminate subjective ;fatigup',
which ultimately was the reason for subjects' termination of s1eeb
reduction.”" (p. 249).— Certainly to soﬁe‘extent this discrepancy between
subjective and objective descriptors is a function of the insensitivity of
.even "sensitive" tasks and the ability of sleep-deprived individuals to ,
functionally compensate for what is‘negatfvely experienced. Indeed a
constant challenge for sleep research és the objecyiQe specification of the

subjectivé experience attached to sfeep loss.

P
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plaints.

In virtually every laboratory study of insomnia
patients, they have consistently exaggerated the extent of their
difficulties. In one recent study of 122 such patients (Carskadon, Dement ,-
Mitiler, Guilleminault, Zarcone, & Spieggl, 1976j, s]eepv]atenty was
overestimated more than two-fold k62 vs. 26 min) and-total sleep time was
underestimated by more than an hour (273 vs 342 min}. Although it.is
unclear why insomniacs do not experiehcé their sleep as restful, evidence
of the frequent association between insomnia and neurosis (Kalfs, Caldwell,
Preston, Healey, & Kales, 1976) suggests that this may be related to the
Targer question of what constitutes mental and emotional disturbance.

For whatever reasons, it seems clear that individuals'
self-perceptions regarding the effects of sleep, or lack of it, frequéntly
tend to be more extreme than what c;n be ascertained objectively. Most
importantly fhen, subjective complaints do not necessarily reflect
functiona;(impairmént. Thus, although subjective rating scales may serve
- as a useful and uncomplicated means of gathering information concerning the
,phénomenological experience of disrupted sleep patterns, their
interpretation must be treated with caution. Each such scale must be
validated successfully against objective criteria before. individual
self-perceptions can be‘viewed as a reflection of actual behavioural

efficiency. As exmplified in insomnia studies, this is particularly
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in the assessment of patient populations in whqm exclusive reliaﬁcé
on stbjective appraisal may lead to erroneous conclusions.

The Stanford Sleepiness Scale (SSS) (Hoddes, Dement, & Zarcone, 1972),
designed to quantify subjective sleepiness levels, is currentlj in wide use
in the study of sleep disorde?ﬁ and the effects of sleep deprivation. The
only two validation studies of the SSS in the literature have produced
encouraging results. Hoddes, Zarcone, Smythe, Phif]ips, and Dement (1973)
showed that mean SSS-ratings were significantly increased (indicating
inCﬁeaseddsﬁEEEEfive sleepiness) following 24-hr total sleep deprivatioﬁ.
Further non-significant but "high“ correlations between task performance
and gubjective assessment were observed for the five subjects in that
study, thereby indicating that the scale was at least moderately seénsitive
to\Qpe same effects of sleep 1355 that impair performance ability.
Recently, Glenville and Broughton (1979) independently confirmed the
findings of the Stanford group. In their study, the sensitivity of the SSS
was demonstrated in terms of increased all-day sleepiness ratings and
increased ratings following each of the performance tasks after 24-hr
sleep loss. Moreover, the ability of the SSS to predict performance
efficiency, as indexed by correlatjons between the two sets of measures was
Supported and extended to statistical levels of significance. This
relationship only held true for those tasks that exhibited decrement
following sleep 1oss, i.e., vigilance and the portab]e.four-choice and
simplerreaction time tests.

Afthough the sensitivity of the 35S to 24-hr total sleep deprivation. '
has been amply demonstrated, its sensitivity to the more subtle effects

arising from partial sleep deprivation has not been investigated. Because



Cye

" ®

partial sleep loss represents a frequent event in various sleep disorders,

5

as well as being experienced widely by such professionals as medical
. ' o~

'practitioners, astronauts, and airline personnel (cf., review by Johnson &

Naitoh, 1974); the ability of the SSS to detect deficiencies in waking

-

vigilance levels in these and other populations was judged tg be

particularly crucial.

P

A statement of the problem and hypotheses ' ' e l_

. The study 1nvesti§ates the effects of sleep reductions and -extensions

. on performance eff1ciency, cogn1t1ve processing, and sub3ect1ve feeling

states. Based on the above d1scussed evidence for d1ff1cu1t1es in

vigi]ance and cognition, the following test were chosen: Wilkinson's 1-hr

auditory vigilance test, four- choice ser1aI react1on time test, simple

reaction time test, anagrams, and the w1§con51n Card Sort1ng Test. The
Wisconsin Card Sorting Test was cons1dered to be part1cu1ar]y amenable to
qué]itativg.and guantitative investigation of strategies of cognitive
processing (see Method for ratiénale and description). Examination of
subjective changes ut111zed the Stanford S]eepiness Scale as well as
ratings of meod and energy.

-

Although the literature-provides a ‘general view of the nature of

‘expected changes resulting from modifications to ‘the sIegp schedule, closer

examination reveals that there are few clearcut expectations.  Rather,

. N -
these may vary widely depending on the exact operational definitions of

cumulative partial sleep deprivation and recovery oversleeping and the

" extent.of control of a number of powerful contaminating factors. Most

notable among these are the effects of motivation and- incentive which may

AN
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reduce or evén abolish evidence of performance degradation following at
least total sleep loss, and the influence of circadian rhythms.

Certainly deficits in performancé do occur with cﬁmulative PSD, but
these-are not readily apparent and require rigorous experimenté] procedures
“to facilitate their detgction. In particular, Wilkinson and his colleagues
at Cambridge have stressed the imbortance of prolonged te§t1ng sessions on
monotonous vigilance-type fasks. More recent findings have shown, however,
that certain tests of 10-min duration may be vulnerable to the effects of
one night of tqtg] sleep deprivation. The sensitivity of these shoft tests
to cumulative PSD has yet to be assessed. From this evidence, the
following hypothesis has been postulated: '

Hypothesis I

Five nights of cumulative PSD will result in poorer performance
on the 1-hr Wilkinson auditory vigilance test, the four-choice
serial reaction time test and the simple reaction time test.

- The limited available information on the effects of recovery sleé}?
provideslonly specd]ative insight into the nature of changes to be
expected. In general, to the extent that there is a sleep requirement
(i.e., prior sleep has been 1ost), recovery s]eép wil]lpromote rapid
functional restitution. Conversely, thn no sleep has been lost, extended
sleep may produce deleterious effects. Although it might seem that
oversleep following cumulative PSD should have beneficial effects due tb
1ncreisédlpressure for sleep, anecdotal anq case history reports suggest

that the Opposite is true. From this evidence the following hypothesis hagf
!

been-postu]ated:

\



Hypothesis I1

'One and two nights of recovery oversleep will result in poorer
performance on all tasks.

The literature based on observation and sel f-report suggests that
deficits in cognitive efficiency will result following both reductions and
extensions in the sleep period. Indeed a slowing of thought processes is
the most frequent]y reported‘negative symptom following extended sleep.
However, the translation of cognitive abilities into objective performance
tests poses an enduring problem for sleep research in that such tests are
necessarily and 1ntrinsica1]y stimulating and motivating and thereby |
resistant to the:é}fects of sleep schedule changes. An alternative
approach coming from stydies in cognitive psychology favours the
investigation of how strategies of'processing 1nformatjon change with
stress. Thus it is important to examine not only quan%itative but also
qualitative aspects of cognitive performance especially given'the
resistance of deficits in the former measure to operationalization. From
this evidence, the following hypofhesis has been postulated:

™~
Hypothesis II1I

a) Qualitative aspects of performance {strategy selection) on
the Wisconsin Card Sorting Test will be negatively
. affected following five nights of cumulative PSD and 1 and 2
. nights of recovery over-sleeping.

b) There will be no dtﬁﬁerence in quantitative aspects of performance
' oh an anagrams tesp and Wisconsin Card Sorting Test following
five nights of cumulative PSD and 1 and 2 nights of recovery
oversleeping.

Circadian effects have been shown to be a most powerful contaminating
factor in PSD and oversleep studies. This is quﬁUEe reducing or extending

sleep length necessarily involves changes in not only the duration but also

]
|

3t
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the phase of sleep. In particular, the work of Taub and Berger has shown
that shifts in the phase of sleep for one night will result in performance
degradation most pronounced in the early morning hours. The time of day ,
effect is especially evident following extended sleep. This effect has
generally been ascribed to a desynchronization of body rhythms whiéh
gradually readjust throughout the course of the day. From this evidence,
the following hypothesis has been postulated:

Hypothesis IV

a) Performance changes on all tasks will be most pronounced in
the morning of the days following the initial alterations to
the sleep schedule; i.e., after one night of sleep reduction and
one night of recovery sleep. This effect may be most pronounced
following one night of recovery sleep.

b} There will be no difference in time of day performance on all

tasks with continuation of each of the altered sleep regimens;

i.e., after 5 nights of cumulative PSD and 2 nights of recovery
sleep.

Finally, a most common finding in the literature is the effect of
sleep loss on subjective feeling states. Changes in subjective estimates
of sleepiness, mood, and energy are the most frequently reported and
readily apparent symptoms of even moderate sleep disruption. Following
overs]eeplthe picture is more complex it having been associated with
feelings of lethargy and irritability following non-recuperative oversleep
but experienced beneficially with increased sleep requirement. Of related
jnterest is an assessment of the validity of the Stanford Sleepiness Scale
(SSS), which is commonly employed as a measure‘of subjective sleepiness
levels in sleep research and sleep disorders medicine. The SSS has
previously been shown to be a good predictor of the effects of one night's

total sleep loss and concomitant performancé efficiency, but has not

RTS
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previougsly been assessed following cumulative PSD and subsequent recovery
sleep. From this evidence, the following hypotheses have been postulated.

Hypothesis V

a) Subjective ratings of sleepiness, mood, and energy will change
in the direction of negative self-experience following 1 and 5
nights of cumulative PSD.

b} These changés may continue following 1 and 2 nights of recovery
sleep. -

Hypothesis VI

SSS ratings will be highly related to concomitant measures of
/// performance on all tasks in all conditions.

»
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Chapter II

« METHOD

Subjects

Six male and two female undergraduate volunteers were selected as
subjects. Subjects were initially screened via a questionnaire {see .
Appendix A) and an interview for absence of major medical and psychological
disorders, non-use of medication, adequate motivation, and reqular and
normal nocturnal sleep habits Tasting 7.0 to 8.5 hr. "No subjects had a
history of disturbing symptoms following previous loss of sleep. The two
female subjects were se?ected so that premenstrual and menstrual periods
were outside the duration of the experiment. Subjects were paid $50 eacﬁ
for their participation. They ranged from 18-23 years with a mean age of
20.6 years. One male subject withdrew from the experiment after the first
testing session and no suitable replacement could be found at that late

date (thus N = 7).

Procedure
Subjects were asked to abstain from napping, strenuous physical
exercise, alcohol, and drug ingestion for at least a week prior to, and for
the duration of, the experiment. Caffeinated beverages were discouraged
but permitted up to a maximum of two cups per day and only in the early

evening.
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During the week prior to the commencement of the experiment, subjects
completed SSS forms and awakened at 0700 hrs, this time of awakening being
maintained for the duration of the experiment. Manipulation of amount of
sleep was accomplished by either delaying retiring time (sleep deprivation)
or advancing it (oversleeping). The sleep rations during treatment
conditions were calculated relative to each individual's habitual amount,
as assessed from SSS forms and questionnaire data, no major discrepancies
‘being found between the two. Total sleep time (TST) allotment was fixed at
-46% (mean TST = 4.6 hr) for all fiv;H;$ghts of the sleep deprivation
conditions, +40% (mean TST = 10.6 hr) for the first night and +20% (mean
T5T = 9.1 hr) for the second night of oversleep, all values calculated
relative to habitual TST (mean = 7.6 hr). These values are therefore
generally equivalent to partial sleep reduction of 3 hr per night and
initial oversleep of 3 hr.

Throughout the course of the experiment all subjects slept at home.
They were instructed to phone into the laboratory between 0700 and 0715 hrs
_ and to report in person by 0830 hrs, at which time they could leave if it
was not a testing day. During the days following sleep reduction, a°
"buddy" system was instituted Jn which pairs of subjects had to meet or
phone the other at least once every hour; Those evenings, subjects ‘came
into the laboratory at 2100 hrs and were monitored by the experimenter.
Their activities inéTUded ;choo1work, games, walks, singsongs, te]eviéion,
and conversation. At the end of the evening they walked or were driven
home a}]owing 15-30 min for bedtime preparation.

Subjects initially came in for familiarization with test procedures on

the Thursday prior to commencement of the experiment. The next day
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(Friday) constituted a practice day, although this was unknown to the
subjects and was treated as part of the experiment. The following two days
(Saturday and §unday) involved prebaseline testing, sleep reduction being
initiated on the Sunday night and continuing for the next four nights. The
schedule continued as outlined in Table 1.

Each test day involved morning and afternoon testing sessions of 2 hr
duration each, all subjects being tested simultaneously. Morning sessions
ran from 0900 - 1115 hrs with a 15 min break half way through. Subjects
were asked to eat within the next hour and to report back to the laboratory
by 1415 hrs, thus hopefully avoiding the post-Tunch dip in performance
(Blake, 1967). Afternoon testing sessions ran from 1430 - 1645 hrs with a
15 min break half way through. The daily time periods of testing were
therefore similar to those in the one night total sleep deprivation study
of Glenville et al. (1978).

.The five performance tests were presented in counterbalanced order
across subjects? Each subject always had the four 10-min tests presented
in the same order and had the same order of testing for the fqur short
tests as one other subject, the only difference beiﬁg that the vigilance
task was counterbalanced across morning and afternoon sessions for the two
subjects. \The Eimp]e and four-choice reaction time tests never occurred in
consecutive 15 min time periods. The two 1-hr blocks of vigilance and the
four short tests respectively were further counterbalanced on alternate
days so that each subject followed each of these two possible sequehces in
each experimental condition.

Tﬁe Stanford Sleepiness Scale (SSS) was completed by subjects every 15

min during wakefulness except during the vigilance task. It was completed
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after'administration of each short task for the 15 min period <in which the
test occurred.

6hring the experiment (January) the room-temperature ranged from
48-54°F (9.0-12.2°C; wet bulb) and 69-76°F (20.5-24.5°C; dry bulb). This
was judged to be satisfactorily comfortable and consistent.

Variables and Instruments

The performance tests consisted of a 1-hr auditory vigilance task and
four 10-min t;sts: four choice serial reaction time tes%, simple reaction
time test, anagrams, aqd the Wisconsin Card Sorting Test: Subjective
.assessments included self-ratings of sleepiness, mood, and energy. Pre-
and post-questionnaires (see Appendices A and B) were administered to
subjects. The latter served as a re]?abi]ity check as well as a source of
subjective impressions concerning the effects of sleep disruption and task

performance.

Performance Tests

Vigilance. The standard Wilkinson éuditory vigilance task was used
(Wilkinson et al., 1966). Subjects wearing headphones listened to 500 msec
tones regu]ar]y spaced at intervals of 2 seconds. Forty of these tones,
spaced pseu&orandom]y in 15-min blocks (10 per block), were slightly °
shgrter (375 msec) and répresented target stiﬁuli. In response to these,
the subject had to immediately press a response key followed by pressing
one of three other keys representing three levels of response confidence.
A1l tones were submerged in a-background of high intensity (85 dB) white
noise. Number of hits and ﬁﬁmber of false positive responses constituted
tﬁe dependent measures.

.~ Four-choice serial reaction time (RT) test. This apparatus, developed

- g0
by Wilkinson and Houghton (1975), consists of a modified cassette recording

4
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apparatus composed of four lights arranged in a square below which are four
similarly arranged keys. Subiects were required to press the key
corresponding geometrically to the illuminated light. A response, either
correct or not, caused the light to extinguish and another or the same
light to illuminate after 120 msec in a randomly programmed sequence.
Subjects were instructed to respond to this self-paced task as quickly‘as
possible without making any errors. |
Eight dependent measures were inveétigated for the four-choice serial
reaction time test: percent errors, number of gaps (RT 1 sec), mean
reaction time, mean reaction time excluding gaps, mean reaction time for
corrects, mean reaction time for errors, mean reaction time for corrects
excluding gaps, and standard deviation for corrects egc]uding gaps.

Simple reaction time test. This visual task, used previously by

Glenville et al. (1978), is based on a 10-min auditory reaction time task
developed by Lisper and Kjellberg (1972). It consists of a compact digital
millisecond clock connected to a portable cassette recording apparatus.
The stimulus was the onset of the élock and the response was a key press
stopping the clock at the reaction time. Stimulus onset of the next series
of numbers occurred randomly between 2 and 10 sec after the extinction of
~ the digital display by the previous response. Number of gaps, overall mean
reaction time and standard deviation of reaction times constituted the
dependent measures.

Anagrams. An anégram is a word in which one or more letters has been
displaced (e.g. RSEOH): 1its solution requires a rearrangement of the

letters into proper sequence (e.g., HORSE). Anagrams have been utilized

39



extensively in the study of problem-solving ability and the mental
processes involved in their solution is now‘large]y well understood (cf.,
Gilhooly & Johnson, 1978).

Subjects were required to solve as many as possible of 75 five-letter
word aﬁagrams within 10 min (see Aﬁpendix C). Eighteen separate lists of
anagrams were counterbalanced-across subjects so that each subject
attempted éach 1ist at different testing sessions from the others. The

pool of anagrams was selected randomly from the Thorndike;Lorge Word List

(1952) of five-1etterR§ords occurring at a frequency of at least one per
million. Anagrams were_ébﬁstructed by displacing two letters in each word
and then randomly selected in blocks of 75 for inclusion in 18 mutually
exclusive lists. Subjects were instructed to go in order but cautioned not
to spend too much time on any one anagram. Number of correct solutions

within 10 min constituted the single dependent measure.

Wisconsin Card Sorting Test (WCST). The WCST (Berg, 1948) is a

neuropsycho{ogica] test emp]oyed most notably in assessment of cases of
frontal lobe damage (Drewe, 1974; Milner, 1963). Performance on the WCST
involves a range of information processing abilities varying from the more
primary levels of perception and sustained attention, through focused and
alternating attention, to higher cognitive functions such as
problem-solving and abstract reasoning. Within this latter context, it
belongs to the general category termed “"conjunctive concept-formation"
tasks, performance on which can be analyzed in terms of strategﬁes 6f
hypothesis-testing (Bruner et al., 1956, p- 41). The WCST is thus
particularly amenable to qualitative investigation of response styles in

addition to allowing for objective scoring of performance criteria.
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The materials consist of two decks of 64 cards, each card varying
along. three dimensfons: .type of symbb], number of symbols, and colour of
symbol. Each dimension contains four different possible variations (e.g.,
f,AZ, 3, or -4 symbols), thus making each card unique. In the standard
administration (Grant & Berg, Note i), four reference cards are placed
before the subject, each card representing one variation in each dimension
(e.g., reference card of one red triangle represents the symbol tfiang]e,
the number one, and the colour red). Subjects are required to sort the 128
cardﬁ in order into the proper categories solely on the basis of feedback
of correct or incorrect for each sort from the experimenter. Unknown to
the subject, the sorting criterion-shifts after every 10 consecutive
correct ‘sorts. Séoring procedures involve experimenter's notations of
correct or fncorrect, as well as the criterion (-a) forming the subject's
basis for each sort (see'Appendix D). |

Owing largely to the number of repeated measures, the present study
employed certain variations from the standard administration: a} a
separate deck of cards varying additionally along a fourth dimension,
shading, was used on alternate administrations so that the task would not
become too easy with repetition (these 256 cards were divided randomly into
two decks of 128 cards each); b) cards from both sets were not returned
to the standard order but were randomly shuffled prior to each testing
sessfon; ¢) termination of a session was dependent on the sorting of all
128 cards and not the standard criterioﬁ‘of six strings of 10 consecutive
responses so as to insure a copnstant number of sessign responses for
statistical purposes and a session time approximating 10 min; d) the
order-of-shifting of criteria was randomized uniike the fixed order in the

standard administration.
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The WCST was scored for the following measures as suggested in the
Manual (Grant & Berg, Note 1): |

T) number of categories;

2) total number of correct;

3) number of correct responses over and above each criterion 10;

i.e., the remainder of correct responses outside each successful
sfring of 10;

4) total number of errors;

5) - number of perseverative errors;

i.e., incorrect sorts according to the category which was just
previously correct;

6) number of non-perseverative errors;

i.e., incorrect sorts also not correét for the previous category;

7} number of unique érrors;

i.e., sorts which match none of the criteria.

In addition, perseverative errors within a category and ratios of
errors were cﬁnsidéred to assist in the interpretation of data.
Perseverative errors within a category refer to incorrect sorts which were
previously incorrect within the same category (e.g. FC-wrong; C-wrong) and
represent either perseverative or non-perseverative errors in terms of the

0
standard scoring procedure. Ratios of errors were constructed to highlighf
differences in relative proportions of the various types of error between.
experdmental conditions. Confusional errors (i1Togical sorts, including
unique responses) were also recordgd. These, however, were not considered
further due to their virtual absence and their evenness of occurrence

across the different conditions.



Subjective ratingé e | e

Stanford Sleepiness Scale ($$5). The SSS (Hoddes et al., 1973)

consists of -a 7-point scale of equal inteﬁva]s‘varying from 1 (“feeling
active and vital; alert; wide -awake") to 7 ("almost in reverie; sleep onset
soon, lost in struggle to remain awake") . (spe Appendix Eﬁi

- Mood gnd-Energy. .Mood and energy ratings were completed by subjects

on aﬁakening The mood scale ranged from 1 ("extreme]y unhappy") to 9
(" extreme]y happy") and the energy scale from 1 (“so tired unable to do
anything” ) to 9 ("great energy and dr1ve“) (see Appendix £).

Four debendent measures were eetablished‘for the subjective ratings.
Global SSS ratings compr1sed the mean SSS value calculated from all rat1ngs
between 0800 and 1745 hr, thereby encompass1ng the period from one hour
before until one houq after testing. Task-related SSS ratings consisted of
the single SSS rating completed 1mmed%ate1y after administration of the
task,€xcept for phe vigilance task which utilized the mean of the two

ratings which occurred immediately before and after administration of the

‘test. Ratings of mood and energy levels, comb]eted within 15 min of

morning awakening, constituted the latter dependent Qariables.
) Trends in these measures were investigated via a tripartite ana]ysis:-
a) analysis of global SSS, mood, and energy ratings across experimental
conditions; b) analysis of task-related $SS ratings across experimental
conditions for: each egsk taken separately; c) correlations of _
task-related SSS.valees for each subject with the .central dependent measure
of the viéi]ance, four-choice, and simple RT tests, thereBy promoting

direct comparison of correlations of the same measures under conditions of

PSD and one night's total sleep deprivation (Glenville et al., 1978).
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Design and Data Analysis

The 8 days of experimental testing, including morning and afternoo}
testing sessions for each, constituted 16 repeated measures. These were
arranged hﬁerarchiiflly to form three independent variables (factors):‘
Factor A, amount of sleep condition; Factor B, day of condition; Factor C,
time of day (see Table 2). Factors B and C thus represent subfactors of
Factors A and, A aﬁd B, respectively. By this method the interactive
effgct of sleep loss or gain with the duration of either (Factors A x B)
and with circadian iffluences (Factors A x C and/or Factors A x.B x C) can
be assessed.

For all performance measures, a three-way (4x2x2) analysis of variance
with repeated measures on'all factors was used to evaluate the effgcts on
performance of different sleep rations (Factor A), of varying durations
(Factor B), at different times of day (Factor C). A model of the F table
displaying the various crossed factors and interactions with associated
error variances and degrees of freedom is presented in Appendix F. The
Scheffé method was utilized for all post hoc comparisons on the performance
data.” Scheffé contrasts involved all means and were run only when.the-E |
for A or B was significant. |
| Because of the primarily ordinal nature of the self-report data, the.
anal&ses across condit{ons utilized the Friedman two-way analysis of
varianhce {non-parametric) with repeated measures (Ferguson, 1976, p. 394).
To accommodate the use of this statistic, morning and afternoon data were
combined, each of the eight testing days tﬁerefore representing a level of

the repeated factor. A Scheffé-type post hoc procedure (Marascuilo &

o
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McSweeney, 1977, p. 326) utilizing a correction (C) for a small, fixed
number of contrasts (J = 5) and an alpha level constant at .05 (Penfield,
Note 2), investigated simple contrasts between means. Correlations between
SS85 and performance data utilized the Pearson product-moment correlation
coefficient. This is based on equal intervals between ratings (Hoddes et
al., 1973) and precedence involving fruitful results {(Carskadon & Dement
1979; Glenville & Broughton, 1979).

Given the present experimenta] design, a number of statistically
significant results emerge (in particular those due to pract1ce effects),
which’ do not relate to the exper1menta1 hypotheses. Such effects are only
included where appropr1ate. Similarly, post hoc comparisons have been
selected to investigate only deviations from the practice curve
attributable to the effects of sleep reduction or gain.‘.Unless otherwise
specified, all post hoc tests will compare effects of interest to tﬁe mean
of all other conditions combined.

An alpha Tlevel of .05 was adopted as the minimal requirement for all

tests of significance.




Chapter 111

RESULTS | .

The central .measures studied and the results are summarized in Table
3. For the performance tests, the main relevant findings after five nights
PSD were the decrements -in number of hits on the vigilance task and the
increases in mean and standard deviation of reaction time on the simple RT
test. During the oversleep period, the number of non-perseverative errors
on the WCST increased. Time of day effects were evident for number of hits
. in the vigilance task after one night PSD and after one night of recovery
sleep, for mean RT excluding gaps on the four-choice test after both %1ghts
of PSD combined, and for number of anagram solutions throughout both sleep
manipu]atfon éonditions.

For the subjective ratings mean all-day sleepiness levels ({global SSS)
increased with sleep loss, and energy on awakening was reduced after

cumulative PSD and elevated after both nights of recovery oversleeping.

Sleepiness estimates following all the tasks also increased with sleep loss -

although this effect was significant only for the anagrams test and the
Wisconsin Card Sorting Test.

A];hough it cannot be firmly stated without electrophysiological sleep
recordings, certain observations indicate that subjects adheredto the
prescribed schedule of under- and over-sleeping with only minor deviations.
Evidence for subject compliance includes: a) the previously mentioned

controls of wake-up calls and early morning appearances at the laboratory,
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as well as evening monitoring and the buddy-gystem;throughout the sleep
deprivation period; b} consistent recordiné of s{eep time on SSS forms
wigh no reported deviations larger than 1 hr; c) confirmation of
compliancy by subjects on post-questionnaire (after experiment terminated
and subjects paid). Further, it was our observation that all subjects were

highly motivated and curious regarding their abilities under “challenging”

conditions and thus not inclined to "cheat" on themselves.

Performance Measures

Vigilance test: Figure 1 illustrates the trends in mean number of

hits and false positives in the vigilance task for d.M., p.m., and mean
a.m. and p.m. values over t;e various experimental éondi;ions. Number of
hits éxhibited no significant effect due to practice, whereas number of
false positives decreased significantly over the repeated measures but was
not altered by changes in amount of sleep.

The feduction in mean values for number of hits was reflected in a
significant interaction. of amount of sleep condition (Factor A) and day of
condition (Factor B), F (3,18) = 4.35, P <.02. A Scheffé analysis of
simple main effects revealed that the number of hits after five nights PSD
was significantly reduced compared to one night PSD, to one night of
recovery sleep, and to the average of all other conditions (p < .05 for
each). Thus vigilance detection perfor;ance is impaired by cumulat1ve
part1al sleep loss and restored by one night of recuperative 0vers]eep1ng.

Time of day effects (Factor C) emerged as significant in combined

Y

interaction w1th sleep time condition (Factor A) and day of cond1t10n

————— e P
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(Factor B), F (3,18) = 4.97, p < .02 for number of hits. Differences (d)
between a.m. and p.m. performance after one night PSD (d = 5.0) and after
one night of recovery sleep (d = 4.0) were greater than the average
difference of all other conditions {Scheffé test; p < .05 for each). Of
particular interest was the shift in time of day changes in performance
from a.m. superiority after one night PSD to a.m. inferiority after one
night of oversleeping.

We observed that subjects sometihes fell asieep during the vigilance
task, particularly during the sleep loss condition. It was therefore
decided to est{mate and extrapolate for these apparent sleep periods to see
if statistically significant results could be attributed to time apparently
spent asleep rather than'to!a decline in waking vigilance levels. A
non-responding period of greater than 7.5 min (1/8 of record) was
arbitrarily chosen as indicating the likelihood of a s]eep period. As
depicted in Figure 2, the total time of non-responding periods rose sharply
after five nights PSD and remained elevated after one night of recovery
sleep. With these non-responding periods eliminated, the number of hits
and false positives were then recalculated by extrapolation from the
remainder of the record and reanalyzed according to the same statistical
procedures. Correction for non-responding periods yielded no new
significant effects, the same statistically significant results being
observed as in the original analysis. The P ratios are therefore not
presented.

Signal detection‘theory (Tanner & Swets, 1954) parameters (d' &8)

were not calculated from the vigilance data due to the very low false
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Figure 2. Total time durqtion of non-responding periods on the vigilance
task (B, baseline; D, sleep deprivation; R, recovery sleep).
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Figure 4. Mean reaction time excluding gaps on the'four-choide serial

reaction time test (B, baseline; D, sleep deprivation;
R, recovery sleep).



positive rate. The range of proportion of false positive responses varied
from a minimum of .00'4 at B4 to a maximum qf .0048 at D1. As these
proportions approach a value of 0, measures of d' and g were judged to be
too unreliable to justify meaningfu) interpretation.

Four-choice serial reaction time test: The overall findings for all

measures was a learning curve of improved performance that was not
significantly affected by expéfimental conditions. F{gure 3 presents these
curves for percent errors and number of gaps. Error rate rose steadily and
then levelled off, whereas gaps showed an initial abrupt decline followed
by & gradual reduction. {
All other measures closely resembled the pattern depicted in Figure 4

. for mean reaction time excluding gaps. The interruption in the a.m. curve,.
for mean-reaction time excluding gaps after both sleep loss nights was the
only significant éffect found. The Scheffé test revealed the interaction
of Factors Ax C, F (3,]é) =3.31, p <.05, to be significant for the mean
a.m. - p.m. difference for one and five nights PSD combined (d = 39.0,

p< '02)7 Time of day differences over all experimental conditions (Factor
C) were also significant for mean -reaction time excluding gaps, E {1,6) =
16.66, p < .001, thus Andicating that time of day diveégences in reaction
time after sleep loss represent an amp]ificatién of a circadian trend. The
same effects of time of day differences over all cond1t1ons and after sleep
depr1vatlon were present for mean RT for corrects excluding gaps but not

. for mean RT overall. Given that the shape Qﬁaall three curves was
virtuaily identical, it is interesting to note that time.of day differences

emerged only when the variability due to gaps had been removed.

"

't



Four-Choice Test:

Gaps, and Mean RT for Individual Subjects

-

~ TABLE 4

56

Intercorrelations of Percent Errors,

Pearson correlation coefficients (r)

Subject % Errors &

Gaps (no.) % Errors &

MRT (msec) & MRT (msec) gaps (no.) .)</
| -.63F*k ,B7HKwdk -.26 ZT
2 - 95wk -.38 46
3 -.44% LHl** .23
4 -, Q3kkkx ..84**** - . B6*** - -

5 ~.B6g*** L Bh#REk -, 49*
6 -.16 L] Hrww .08
) :
7 = TGk -.34 ///////—ﬁﬁ\

B1**

Note, Abbreviations:

*

<

*kn
*hkkp o
****R <

.05
.01
.005
.001

MRT, mean reaction time
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- Because of great intersubject variability fn many of the four-choice

measures and because performance on thjs_test necessarily. involved a

tradeoff between speed and accuracy, é further analysis was conducted to

investigate individual differences in-response style. This analysis

studied the re]ationships between mean RT, number of'gaps, and percent

errors for individual subjects.

Pearson pr duct-moment correlation coefficientsswere calculated for
each subject o 'all 16 experimental conditions. Table 4 summarizes the
resu]tsrpf the intercorrglations of mean RT, number of gaps, and per cent
érrors. The:?ost general trend, significant for six of‘seven subjects, was
for accuracy (percent errors) to be iﬁversgly‘re]ated to reaction time
speed (mean r = -.65; SD = .26). The tendency for‘mean RT to be associﬁted
with overly long reaction times (gapé) was also clearly significant but
much more variable (mean r = .62; SD = .42), owing largely to one subject
approaching significance in the vpposite direction (52, p = .071}.
Correlations q$twéen percent errorg'and number of gaps yie]ded a more‘
modest and variable relationship-(hean_z = -,14; §g'¥..38). Thus, despite
strong overall trends in response style, there were stil)l marked deviations
from the overéﬁl group pattern.

»* . .
Simple reaction time test: For the simple reaction time test, both

the mean and standard deviation of reaction times were significantly N
elevated after five nights of PSD.. Unlike for the foyr;choice test, there
was no significant learning effect over the 16 repeated measures (see

Figure 5). Number of gaps was not analyzed due to their rare occurrence,
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Ithere being a total of only 14 gaps out of approximately 7,000 reaction
times.

Separate analyses df variance of both mean RT and of standard
deviation of RT yielded significant effects for the interaction of Factors
A x B (F (3,18) = 3.90, p < .05; F (3,18) = §.72,_E< .01, respectively).
Scheffe pdst hoc tests for simple main effects fof both variables revealed
that reaction time was both slower and more variable after five nights of
PSD cbmpared to the average of all other conditions (p < .01 for each). No
significant time of day effects were found.

Anagrams: On thé anagrams test, mean number of correct solutions for
d.m. and p.m. sessions combined increasgd éignificant]y over all
experimenta1'coﬁditions;.E (3,18) = 11.36, p < .001. Subjects as a group
therefore we%e able to confinue to.improve performance despite imposed
reductions and extensions in prior amounts d?‘sleep.

Such modifications to the sleep schedule produced effects, however,
which interacted wifh time of day. Figure 6 illustrates the general’
superiority of p.m. relative to a.m. -performance over all coﬁditions,

F (1,6) = 21.69, p < .005, and particularly during sleep loss and
oversleeping periods. The increase in time of day differences (d) during
the treatment conditions was significant for the mean a.m.-p.m. difference
for five nights PSD and one night oversleeping combined (d = 11), compared
to the mean difference for all other conditions (d = 4.8). Thus diurnal
fluctuations in prob]em:solving efficiency were amplified following

reductions and extensions of the sleep period, achieving maximum divergence

59
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in the days immediately following the most extreme sleep time manipulations
(i.e., days D5 and R1). . . -

Wisconsin Card Sorting Test: Because of the exploratory nature of the

WCST investigation, i.e., application of a clinical test to -an experimental
paradigm, there was Tittle a priori expectation regarding outcome.
wiscﬁnsin Card Sorting Test data differed markedly from all other test data |
and this necessitated some modifications in analysis. The most general
finding was the very large inter- and intra-subject variability most
pronounced during the initial days of testing and as a function of time of
day. This substantial heterogeneity in performance on the WCST suggested
the greater complexity of this task relative to all others and the
desjrability of collapsing data to observe the most general trends, if any.
Prebaseline measures in particular were Jjudged to be unreliable due to
marked individual‘differences in the rate at which subjects acquired this
more complex task. Both baseline conditions were thys eliminated from the
gna]ysis, theréby allowing for a direct comparison of under- and

over-sleeping regimens under well-practiced conditions. Baseline data has

been included, however, in the Figures (shaded areas) to give some
indication of the effects of learning over repeated exposures.

Time of day differences were also highly variable énd nonsignificant
according to preliminary analyses. Thus, in order to obtain a more
reliable estimate of performance, the results from a.m. and p.m. sessions
were combined. Performance measures on the WCST were subsequently analyzed

according to a one-way {(4x1) analysis of variance with repeated measures,

L



each treatment testing day (D1, D5, R1, R2) representing a level of the
repeated factor.

Figure 7 illustrates the variation in number of non-perseverative
errors {incorrect sorts also not correct for previous category) over
experimental conditions, F (3,18) = 7.08, p < 005. These were
significantly elevated {p <.01) during the period of recovery sleep
(overall mean = 11.2) relative to values following sleep reduction {overall
mean = 8.4), Moreover, number of non-perseverative errors tended to vary
as @ function of the duration of each condition, inversely with cumulative
sleep loss and directly with cumulative oversleep.

An increase in number of hon-perseverative errors is generally
attributed to increased attempts to isolate the new criterion and not to
performance deficits per se. Such an interpretation may seem warranted for
the present findings in that subjects performed at par after oversleeping,
as assessed by measures of '"general task performance" (number of
categories, mean = 9.9 for each; number of correct responses over and above
criterion 10, mean = 8.5 for each). Examination of the number of correct
responses left over at the end of each record reveals, however, that
subjects exhibited a reduced efficiency in search strategies during the
oversleeping period. Relative to values wﬁsn sleep-deprived, the number of
correct sorts remaining at the end of each record (after last consecutive
string of 10) averaged one fewer per subject during thg oversleep condition
(25 fewer in 28 records). Thus subjects at this time required an average
of one more sort to achieve the same number of categories, and this

additional sort represented a non-perseverative error (25 of 38 more).

63
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This reflects a reduction in economy of search strategy following oversleep
for the same overall Tevel of performance. Card-sorting performance after
recovery sleep was therefore characterized by increased attempts to isolate
the new concept yet less efficient dép1oyment of search strategies towards
that end.

Further analysis of relative frequencies of errors served to highlight
qualitative differences in performance between conditions of reduced and |
extended sleep. Although for all subjects non-perseverative errors
increased significantly following oversleeping, number of perseverative
errors declined at the same time. The relative frequency of occurrence of
perseverative to non-perseverative érrors after PSD wés 1.5 times greater
than that after recovery sleep (see Figure 3a). It therefore appears that N

the capacity to shift to a new criterion was relatively impaired following
cumulative partial sleep loss.

Calculation of perseverative errors within a category further revealed
the nature of performance changes in the two sleep conditions. More than
half (18) of the non-persevérative errors following recovery s]eeﬁ were
perseverative of previous errors within the same category. Comparing the
proportions of these errors to perseverative errors over all testing days
yielded an emphatic trend (see Figure 3b). The freqhencj of peréeverative
errors within a category relative to perseverative errors of the preceding
criterion was twice as great after one night of oversleeping as after one ~
night of PSD and was three times as great in the morning of these days.

The differing relative freqlencies of these two types of error following

under- and over-sleeping (indicate that the method and/or the efficiency of
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concept formation was differentially affected by the different sleep
regimens. Whereas after sleep loss subjects exhibited a tendency towards
rigidity in concept-shifting, after oversleeping they were less aple to
maintain optimal performance in acquiring the new concept, although the{

shift was accomplished with relative ease.

Sdbjective ratings

Analysis of subjective ratings comprised three parts: a) global SSS
(mean all-day sleepiness ratings), and mood and energy scores upon
awakening; b) task related SSS ratings (mean rating associated with each
 task); c) correlations between task-related SSS ratings and concomitant
task performance for the most sensitive tasks.

Global SSS, Mood and Energy Ratings: The overall tendency for

sleepiness ratings to increase and mood.and energy ratings to decrease
after five nigpts.PSD, and td return to near or beyond baseline levels
after,aﬂé/;;ght of recovery sleep, is illustrated in Figure 1. These
fluctuations were significant for SSS and energy ratings only (55 (7) =
16.51, p < .05; xZ (7) = 15.75, p < .05, respectively)

Selected post hoc contrasts (C = 2.69, J = 5; « = .05; df = 48)
revealed that both SSS and energy ratings were significantly changed after
five nights of PSD relative to one night oversleeping and to 'the average of
all other conditions. Sleepiness estimates were significantly elevated
after one and five nights PSD combined. Energy levels increased after one

and two nights of oversleeping combined. For the SSS, ratings after five

[
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Inter-Task Comparisons of Mean SSS Tas

TABLE 6

Major Experimental Conditions

69

kQRe1ated Ratings Within

Experjmental Task
Condition Vigilance Four-choice Simple Anagrams  Wisconsin- x5 (4)
RT RT Card Sort

Prebaseline

(B1-B2) 2.7 2.4 2.3 2.2 $2.2 11.29%
Sleep depr'n 3.2 3.0 2.9 3.1 3.0 -2.91

(D1-D5) E
Recovery Sleep 2.7 2.7 . 2.7 2.3 - 2.6 5.44

(R1-R2) ,
Postbaseline 2.8 2.7 2.6 . 2.5 2.7 4.33

(B3-B4) ' . '

. i
*p < .05
, . .



nights PSD were statistica]]y different from>pre- but not post-baseline
valdes, whereas for energy ratings the converse was true.

Task-related SSS Ratings: Change in mean SSS values following each of

the five performance tests over experimental conditions yielded a pattern
similar to that of mean all-day (global) SSS ratings (see Table 5). The
generat tepge y:for subjective sleepiness estimates to vary with
asing s‘eep loss and to return to baseline levels following one night
of recovery sleep was s1gn1f1cant only for the anagrams test (x2 (7)
19.73, p <.01) and the Wisconsin Card Sortlng Test (x. (7) =18.70,
p <.01).

“Selected post hoc contrasts of each significant effect (C = 2.69;
Jd =5; = = .05; df = 48) revealed that, for both tests, the mean SSS value
over both sleep loss days was elevated compared to the mean of é]1 other
conditions. While sleepiness levels following cumulative PSD were
significantly higher.phan those of the mean of each baseline, oné night of
oversleeping, and the mean of all other conditions for the anagrams test,
they differed from only prebaseline values for the Wisconsin Card Sorting
Test. .

Inspection of {able 5 reveals that SSS scores following the anagrams
test and the Wisconsin Card Sorting Test exhibited the greatest variability
across conditions but not the most extreme values as a result of sleep
reduction. The four;choice RT test an& particularly the vigilance test

were assoc1ated with h1gher mean SS8S ratings when sleep time was not

.+ manipulated. In order to test the hypothesis that task- reTated S8S5 rat1ngs

varied as a- funct10n of the type of task, a further anquSIS was done.
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Table 6 summarizes the mean $SS task-related ratings and results of
the Friedman analyses of variance eomparing the five tasks nithin eacn
major (collapsed) condition. Mean raFings associated with the vigilance
test were always numerically at least as great as those following the other
tests and this difference was significant for the prebaseline condition.
Post hoc contrasts (J =55 C'e 2.75; 5 = .05; df = 30) revea]ed that
’ v1g11ance related rat1ngs were significantly elevated compared to those
following the anagrams test and the w1scons?n Card Sort1ng Test but did not
differ-statistically from ratings fol]qwlng the two~?33t31on t1me tests.l

Corre]atlons of Task related S5S Ratings and-Performance Measures:

Pearson corre]at1ons bet¥yen performance measures and subsequent
tazﬁ;pglated SSS ratlngs were computedEigr each subject 1nd1v1dua1]y over
the 16, testing sess1ons. The three selected tasks with ass:;}gzed (t‘J

-

_dependent measures and null and a]ternate hypothese were: vigilance -

g

number of h1ts,_ﬂ :r=0; H :r 0; b) four-choice serial. RT - qgan

'

RT; H @ r=0;H:r 0;simple RT - mean RT; H :(: O;H:r O. -
1

.

Inspection of Table 7. revea]s substantial individual d1fferences

between subjects for all tests and a general 1ack of correspondence between '
the two sets of measures. Mean SSS rat1ngs corre]ated s1gn1f1cant1y w1th ‘ <:T\
v1g11ance performance for two subjects; three subJects had correlations 1d/”j\

the non- anticipated dlrect1on. the overall effect be1ng modest anar\“-///
inconsistent (mean.r . -O.IEI SD = 0.32). Correlations for the four-choice

,seriai RT t yielded significance fo;>ﬁh1y one subject and a. near random

overall.r ationship {mean r = -0.01; SD = 0. 24) Simple reagaion fime )

test data dlsplayed the greatest correSpondence between perfonmance and

-



subjective sleepiness measures, significant for three-subjects but again
highly variable (mean‘[ = 0.25; SD = 0.29). Looking across tasks, for only
one subject {S6) did the two sets of measures vary together for all tasks;
one other subject (S7) maintained this close correqundencé for two of the

tasks.

.
=

v
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TABLE 7

Pearson Correlations of Task-Related SSS.Ratings
and Performance Measures for Individual Subjects. '

.
Peérson cqrfe]ations
Subject Vigilance Four-choice RT  Simple RT
: (No. of hits) {xRT) ~ (xRT)
1 0.28 -0.28 0.16
2 0.08 | 0.01 -0.02
3 -0.18 . -0.26 0.54™*
4 0.18 0.01 7 0.00
5 -0.32 0.00 -0.17
6 -0.61"* 0.51* 0.64™**
“J ©o-0.54™% - -0.04 0.58"**
Mean * 20.15 ﬂ -0.01 0.25
) 0.32 0.24 - 0.29
;ﬁg <.05 '
*xp < 02 e
*kp ¢ 0] ’ \
~
N
: r))_




Chapter 1V
DISCUSSION

The present findings demonstrate that a schedule tﬁat approximates a
typical work week for many individuals, undersieeping on week days and
oversleeping on weekends, may produce a certain pattern of performance,
cognitive, and subjective changes. The effects of partial sleep
deprivation are initially reflected in self-reports of negative exper1ence
and exaggerated c1rcad1an trends in performance. With cumulative s]eep
reduction, deficits in vigilance become readily apparent on certain
sensitive'performance tests. Recovery oversleep1ng generaily penn1ts rapid
funct1aha1 restitution, although time of day effects and some ev1deqﬁe of
1mpa1fment in cognitive processing is apparent at this time. The validity
of these findings, although Timited by incomplete mqnitoring of sleep
times, is strengthened by support of previous observations. and/or
inferences from the literature.

The present chhpter discusses the results relating to performance
deficits, circadian effects, cognitive processing, and subjective changes
respectively. 'The following chapter will provide a more general,
integrative, and specu]ative Aiscussion of the effects,of sleep reductions

‘e
A

and extensions in humans.

Performance deficits

Previous studies of short-tgrm-partial s]eep deprivation have reported

—=
-

performance deCrements afte s]eep reduction of 3 hr for two n1ghts

(Wilkinson et al., 1966), 3.5 hr for\two to four nights {(Hamilton et el.,

1972}, and 3.5 hy for seven nights ebb & Agnew, 1965). The gresent study
found that an intermediate schedule consisting of a mean reduction of

L
L)

Y o '
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3 hr sleep for five nights, produced significant deficits in performance on
the vigilance and simple reaction time tests. Nights of extended sleep
following the period of sleep deprivation served to return impaired levels
towards baseline, although limited evidence of impairment was observed in
the morning after the first such night.

| The decline in performance on the vigitance test is a confirmation of
these earlier findings. Wilkinson (1961, 1964, 1969) has related such-
deficits to motivational factors. ror Wilkinson, tests sensitive to sleep
deprivation effects need be prolonged, monotonous, and Tacking in
1ncenrive, and the schedule of testing should be prolonged and replicated”
to minimize the stimulating effeets of a perceived challenge iFtuation.
The present findings indicate that sleep loss effects‘can Be}ﬁme apparent
with the utilization of a short-duration task on a less prolonged testing

schedule without replication. It may'be worthwhile, therefore, to"eengider
what aspects of the present tests rendered them sensitive or'insensitive t;
sleep loss deficits. ‘
The classical division between subject- paced and exper1menter-paced
tasks (Williams et al., 1959) provides a useful d1st1nct10n in terms of
“discussing the effects of learning and motivation on the tasks. In
experimenter~paced tasks, such as therrigi1ance and simple reaction time
tests, the experimenter controls the display of stimuli and the rasponse
rare. Conversely, in the subjec?-paced.fqur—choice RT tesi_l;beréhbject
coLtrols these parameters and, under*suéﬁwtondltIOns, performance after
‘sleep loss suffers less (Lubin, 1967). r;;ﬁh&y/ne argued that the

sdbjegt who is in control of rate of presentation of: stimuli is, expending

greater effort towards bettering his performance. e steadJ;

7
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improvement on all four-choice measures with repeﬂéfd administrations may
reflect an underlying incentive to do better; #nd such incentive has been
shown by Wilkinson (1961) to tend to abolish sleep loss , effects.

Further, one might expect greater intersubject variability in
performance when the modg of response is more complex and controlled by the
subject. Of the three vigilance-type tests utilized in the present
experiment, the four-choice test exhibited the most exteﬁsive'pattern of
individual differences on all measures. The overall pattern of performance
was for subjects to increasingly sacrifice accuracy for speed 6vef repeated
test administrations. However; correlations between mean reaction time and
percent errors revealed that this trend was not always followed. For gne
subject in particular, whé Judged speed of reaction time to be more
important than accuracy throughout the'experiment, error rate was elevated
and gaps absent. 'Moreover, significant time of day effects for four-choice

mean reaction time were attained only once the variability-due.to gaps had.

.been removed. This suggests that detection of group trends may be obscured .

by individual differences in response style,

On the vigilance and simple reaction time tests, the presentation of

stimuli was randomly controlled by the experimenter and the mode of

response clearly unambiguous. On these tésts, subjects exhibited a more
uniform trend of inability to improve performance with repeated exposures,

and greater susceptibility to sleep loss effects. On the vigl1ance task,

. the steady decrease in false pqsifives suggests that sdbjects' willingness
. to perform.gégerai]y decMned (Webb & Agnew, 1965, 1974). However, the
* elevation in false posit{:é\{aiegafter both 1 and 5 nights of ‘sleep loss

may ind{cate that subjects were exerting grééter effort at this time. This

-

/ . -
! . ' (
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is in accordance with Wilkinson's {1970) observation that subjects react to
the challenge of performance after sleep deprivation. The s1gn1f1cant

reduction in number of detections after five n1ghts PSD therefore most

1ikely reflects a diminution in sensory capacity (g ) to discriminate
signals. Although no measure qf;g' is available in the present study, this i
finding resembles that of Hamilton et al. (1972) who found that the main
effect of cumulative PSD was on the ability to maintain a normal rate of
improvement in detection efficiency (d").

The overall deé]ine in motivation over the course of the -experiment
became pérticu?ariy evident on the last two dgys of testing (postbaseline).
~The return of subjective sleepiness es;imafes-to near levels following
sleep loss and the presence of apparent sleep periods at this time, as well
as subjects' comments on the follow-up questionnaire, indicate that
motivation materially declined towards the end of the experiment.

Moreover, performance on both the simple reaction time and vigilance tests
was inferior relative to earlier levels. This gaagests that the greater
resistance of experimentef-paced tasks to learning may induce in the
supject an unwillingness to exert greater effort on the task. Certainly,
the'extgnt to which a subject pérceives action as profitable is considered
a significant determinant of willingness to perform in s1gna] detect1on ' |
theory (Tanner & Swets, 1954) : B °

Another variable which has been shown to raise incentive lévels,
thereby reducing or abo]ishing sleep loss effects, ‘is knowledge of results
(Wilkinson, 1961). The superior sensitivity to sféep loss effects of the |
Ls1mp1e RT test, which suppligs knowledge of results, is a cbntrary ‘finding.

It cou]d be that differing types of feedback, whether supplied by the

”
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apparatus or the experimenter, evoke qualitatively different responses
(Glenville et al., 1978), or that knowledge of results is not as crucial a
variable as previously thought (Buck & Gibbs, 1972). Again, the effect of
knowledge of results may depend on interaction with the type of task; if
task performance did not improve with practice, then the effect of such
feedback could be benign or even frustrating.

The relative immunity of the simple reaction time test to ]earn1ng
fo]]ows from Mackworth's (1969) theory that vigilance decrement proceeds by
habituation of neural circuits. According to the contructors of the
original auditory version of the simple reaction time test (Lisper &
Kjellberg, 1972), the test was designed with the specific intention of
optimizing the conditions for habituation. The critical features of the
test which were shown to foster more rapid habituation included shorter
interstimulus intervals (Lisper & Kjellberg, 1972), temporal uncertainty of
the stimulus (Lisper, Melin, & Sjodén, 1973; Lisper & Tornrds, 1974), and
low performance demand of one stimulus-gne response (Boh]1g1f1976).

Because gaps were virtually -absent on the simple reaction time test

and their elimination contributed to the only significant effects. on the

four-choice test, performance decrement after sleep loss, at least for o
b

these tasks, cannot be explained in terms of the lapse hypothdsis (WilT5ams
.et al., 1959). Rather, a general attentional deficit due to lowered
arousal (Kjellberg, 1977b; Tharp,~1978) may have caused a general slowing

of all reaction times, irrespective of major and more \sporadic lapses in

» - '
attention. Although it cannot be firmly stated without EEG monitoring, the

greater Yincidence of probable sleep periods after sleep loss on the more

complex and more monotonous vigilance tesk, suggests that periods of
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microsleep were at 1east_nnderate1y responsible for deficits on this task.
A]Eﬁough not measured, a more general reaction time slowing may also be
occurring on the vigilance test, as has been reported by Buck (1966), who
found deterioratjons in reaction time before any significant detgction
decrement. The greater sensitivity of the simple reaction time test is at
Teast partly due to the greater information 1nhérent in continuous
(reaction  time) relative to dichotomous (yes-no) data.

The most geheral-finding for recovery oversleep was that it tended to
return impaired -sleep loss levels to baseline. Only morning detection
efficiency on the vigilance task was negatively affected following one
night of recuperative s]eep.' This is generally the pattern observed after
recovery sleep following 24 hr total sleep deprivation (Wilkinson, 1963a)
and sleep extended from habjtual amqunts (Taub & Berger, 1973), although
deficits in those studies were more pervasive across tasks and evident also
at other times of.day. It is difficult to compare findings resulting from
the present schedule to w{1k1n§on‘s more modest extension oR sleep after
more acute sleep loss, and Taub and Berger's non-recuperative extensions.
However, the refurn of all §ubjectivg measu;es to near or beyond baseline”
levels with oversleep in the preséntxgtudy suggests a self-percejved
positive vp]ehce attached to such sleep; and this {s the opposite of what
*s found when that\extri sleep is not required {Globus, 1969; Taub &
Berger,q1973, 1976b). quative to Witkinson!s schedule, it could be that
recovery from a more modest curtailment oﬁhbleep (PSD), represents a less

acute and less abrupt var1at1on in accustomed sleep- wak1ng patterns

i correspondingly modest effects would be predicted from Taub and Berger's

findings. ' ‘ ’ “1
. | \ .
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The present findings show that five consecutive nights of 40% sleep
loss precipitate decrement in performance. Moreover, the effects due to
partial s]eee loss have been demonstrated using portable short-duration

_ tasks, previously shown sensitive to 24 hr total sleep deprivation

‘(Glenvil1e et al., 1978}. Their sensitivity, portability, and short
duration suggest their suitability for. research in field situations. The
simple reaction time test is of particular benefit where repeated
measurements are wanted, due to its sensitivity and re]atiye immunity to
practice effects.

~ The four-choice and simple reaction time tests may prove useful for N

the assessment and treatment of such patient p0pu1ation5'as insomniacs, for:
whom attentional deficits, if undetected, may accumulate to acute
proport1ons (Lub1n 1967) ,and narco]ept1cs, who express impaired alertness

levels as a major problem in daily 11v1ng‘(Broughton & Ghanem, 1976). N

Research in the work environment has previously been hindered by the
/

impracticality of traditional tests and testing paradigms {Preston, 1978)

and the insensitivity of tasks used (Naitoh, 1976). - Certainly, these

table tests cou]d fulfill a valuable role in terms of evaluat1on of
worker\E{jlc1ency and acc1dent control. Fieldwork utilizing these tasks is
currently being undertaken for the study of Jirline personnel (as reported
by'Preston 1978) and~5h1ftwork studies (G]en ille & w11k1nson, in press)

The/results of these workers and others will be important fbr validation of

i
“the efficacy of portable tests in sett1ngslouts1de the laboratory. <Q§E$_
- ‘\ .
Circadian ‘effects - ' :

One of the most ﬁrevalent and general findings in the present study

was the interaction of circadian influences with chaﬁaes in the usual sleep
. - «



"schedule. Time of day effects were evident on simpler tasks such as the

vigilance test and four-choice serial reaction time test, as well as on the

1 more complex anagrams test and, to a limited extent, on the WCST. Only the

_ Simp]e reaction time test yielded no such effect. Further, differences in

time of day performance were evident not only after sleep reduction but
following recovery sleep as well, thereby constituting one of the principal
findings for the effects of extended sleep on performance.

ﬁith one exception,'pérformance tended to improve over the course of
tHe day. This is the pdtterh observed for most psychological functions
especially for more preliminary abilities such as vigilance and psychomotor
responding (e.g., Blake, 1967; Hockey & Colquhoun, 1972). Only memory
usually exhibits the "inverse rhythm" of superiority in the morning 3nd of
steady decline ?ol]owing midday (Hockey & Colquhoun, 1972; Monk, Knauth,
Folkard, & Rutenfranz, 1978).
| \ AccorQing to Lubin (1967), thg eariy morning hours are the most likely
time to observe sleep loss effects as sleep loss tends fo amplify the
circadtan rhythm. This was our finding for four-choice mean reaction time,

which was longer in the morning relative to the afternoon, over all
.

‘conditions and particularly so after sleep deprivation. Such a fidding is

also in accordance with Kjellberg's (1977¢) proposal that the effect of

79

~ sleep loss depends upon the current state, of the organism. In this latter

o ——— —

view potential performance deficits would be manifested primarily in the
morning as the background state of lowered arousal due to sleep loss
intergéts with the natural tendency for poorer performance earlier in the
daj. Colquhoun (1971) has postulated.a similar mechénism for morning

r

performance deficits.

%
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However, the reafer number of signal detections in the vigilance task
in the morning after one )ight PSD represents a more puzzling finding. It
is certainly the opposite. pattern from that observed by Taub and Berger
(1973, 1976a, 1976b) for similar curtai]ments of sleep time. Support for
the legitimacy of this finding is derived from one subject's-COMhent that
he lTearned to detect signé]s by matching them to a subjective template. If
performance on the vigilance task did involve a memory component,
particuiar]y during injtial administratjons, then the discrimination of the
exact specification of the signal based on memory traces, could well havg
been superior on that morning, as is the case for memory under normal
conditions and possibly after limited PSD‘(Hamilton et al., 1972). Of
partiﬁu]ar interest is the reversal of this t}end after one nighf of
oversleeping. The superioriﬁy of vigilance performahce in the afternoon at
this time provides evidence of a “"circadian shift" between conditions of .
reduced and extendgd sleep. The existence of such a phenomenon requires
substantiation by other laboratories.

On the anagrams tgst, performance was supefior'in Fhe afternoon
particularly during the periods of reduced and exténded sleep. Other
related -higher-order ab11itie5'5uch as logical }easoning normally follow
this pattern (Folkard, 1975). Hockey and Colquhoun (]972j have shown fhat,
to the extent that a task involves immediate précessing and a low memory

load, performance will tend to improve throughout the day. Both of these

_ component abilities have traditionally been incorporated in models of the

Ll

mental procességg;nyo]ved in anagram so]ution\kﬁolso, Topper, & Macey,

1973; Warren & Thghpson,‘hgﬁg). More recent findings (Gilhooly & Johnson,
R B 2

/ \
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1978), however, have isolated the initial probe construction process

(immediate processing) as the critical step towards anagram solution. The

present finding of relatively superior afterncon performance is therefore’

in accordance with this finding. ‘
For all tasks then, the pattern of time of dquff:::rmanqe suggests-
that both sleep loss and (at least recuperative) sleep extension induce

circadian changes, or reveal otherwise more occult circadian fluctuations,

in performance variations across the day. Other evidence exists for time

- L]
of day effects in performance following both recovery sleep (Wilkinson,

1963a) and extended sleep (Taub & Bérger, 1973), and these authors have
ascr1bed this phenomenon to a desynchronization of body rhythms wh1ch
gradual Jy readjuststhroughout the course of the day. This proposal is .
further strengthened by Taub and Berger's (1973) more general finding that
abrupt shifts in the phase of sleep are just as instrumental in induging
performance. deficits as are changes in the duration of s]eep The .
accumul ated ev1dence therefore seems to suggest that short term
fluctuations in the sleep schedule contribute to a disturbance of boqy
rhythms which_is manifested~in performance earlier in the day or until such

time that body rhythms can adjust to the change.

Cognitive processing

. "y
One of the purposes of the present study was to eiamiﬁg both
quantitative and qualitative changes in cognitive ‘performance precipitated P
by prior schedules bf reduced and extended sleep. . The finding that
problem-solving ability on the anagrams test and general task performance Y
,qh the Wisconsin Card Sorting Test were genéra]ly undisturbed by the &
' . &
¢ , \\\
~_ . . '
<
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altered sleep-waking schedule supports Wilkinson's (1964, 1969) contention
regarding the general insensitivity of stiﬁu]ating tasks to this event.
More detailéd and qualitative ana]ys{s, however, revealed the operation of
more subtle effects such as the interaction of fluctuations in sleep time
‘with diurnal changes in problem-solving ability, as well as differences in
the uti]fsation and efficienéy of strategies of concept-formation.(HCSI)
-between conditions of.reduced and extended sleep. It is pérticd]ar{;r‘ ‘
‘noteworthy that performance-on both tasks, especially on the WCST,
exhibited some evidence of impairment following oversleeping, given thét
deficits in sustainéd attention and disturbances in se]f-peréeived fee]ing
states resulting from sleep reduction tended to be reversed by recovery
sleep. The cons1derat1on ‘that under- and over—sleep1ng may exert their
effects at different 1eve]sﬁof information processing appears as an
interesting possibility worthy of further scrut%ny.

On the WCST, overall task performance'(number of categorieé; nunber of
corrects) was virtually unaffected by experimental manipuia;ions_of sieep
. time. Qreakdown,of errors into specific types;'however, reyéaled that the
number of non-perseverative errors increased significanfly folldwing :
extended sleep with a concomitant.increase in errors perseverative within a
category. Non -perseverative errors reflect attempts to, sh1ft the categoty
of r!sponse and should decrease 3s the SubJQQtS become more selective in
the.manner 1q‘wh1ch they isolate the.new criterion (Grant & Berg, 1948).

The . finding that the majority of add%fiona] non—pqrseverative errors - | .

committed during the oversleeping, perlod 1nv0]ved redundant conf1rmat1on of . o

. incorrect concepts (perseverative eryors w1th1n .a category) further -

-

\}‘

-
. -
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soggestsIthé“inah?]ity'at this time of ;o;;;:té to maxiha}ly~e§Ploit all

the information available to them. This is perhaps a quant1tat1ve measure
, of the "foggy thinking" described by Globus {1969) and may form part of the
phenomenon of . sleep dtunkenness in hypersomn1a and- part of the featutes of

the depressive phase of man1c-depress1ve illness. .. )
. AN
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Bruner et al. (1956) have apt]y commented that, w1th1n limits, number

of errors on a conjunctive concept xormat1on task is more ref]ect1ve of the
"subject's method of coping with task conditions than it is of actual
cogoitive deficits. When confronted with "in the head" transformations

« their subjects tended to resort to modified forms'of the strategies of

successive scann1ng and CUnservat1ve focus1ng. Successive scanning is

L

—~

character1zed by choos1ng one hypothesis at a t1me and its success is
7’11m1ted by the 1ikelihood of se]ect1ng redundant hypotheses, which
increases with 1ncreas1ng memory ]oad When the memory store is strained
the overloaded subject may fail to keep track of discarded alternatives
thus allowing them to creep back into the pool of potential hypothese;
(Cohen, 1977). This is what Bruner et al. have termed "lazy" succeséiveq.
. j{zeenning. The increase after oversleepthg of number of errors
perseverative within a categoty may reflect.such redundant confirmation of
forgotten hypothesis testings. The significant elevation in this measure
in the afternoon acro;s all testing days (“"inverse curve") suggests turther
the diurhai']imitations imposed by the restraints of'mehory in the
selecting of the new category.
Subjects may also have adopted other strategies during the per1od of
recovery sleep. In conservative focus1ng and focus gambling, moedifications
are mage to attributes of a fbcus card. ' Either or both of these

™,
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possibi1itiés.éan'we1l accbd%t for the concomitant increase in
perseveratiQe errors within‘a category, the perseveration reflecting the
repeéted modi%ied usage of the focus card. Although differences in the
proportion of this.and other types of error between treatment conditions
are strongly suggestive of shgfts in strategy selection, the exact
strategies cannot be specified without subjective “in process" comments.

. This may be a fruitfullérea for further investigation. At.presént, the
moﬁt parsimonious hypothesis is that, after oversleeping, subjects
experienhed greater difficulty 1ﬁ'extracting the maximum possible, amount of
information from hjpothesis testing, probably because memory processes were
not as efficient at tﬁis time.

It must be emphasized that subjects éfter oversleeping accomplished
the shift of categories with ease, particularly when compared to their

] performance following sleep loss. With PSD, subjects exhibited a much
greater tendency to respond with perséverative errors relative to
non-perseverative errors and especially rg]ative to errors perseveratijve
within a category. Such differing;pattefps of errors between the two
conditions suggest the operation of qualitatively different methods of
information processing. An increase in perseverative errors has been
équated to inability to shift concépts thereby preventing fresh modes of
analysis (Grant & Berg, 1948). It can be~11kened to "set thinking" and to
the "funétionallfixedness” of the Gestalt )psychologists in which the
tendency is to remain with the most common or recenq-function of an event.

] ~ The concebt'of shifting x‘generally the first strategy to be learned,

by normal individuals (Grant & Berg, 1948). In cases of frontal 1obe

damage, howéver, perseverative errors on the WCST may increase to a

84



pathological level (Drewe, 1974; Milner, 1963). Mﬂ>\er has described this

deficit as a failure to suppress an ongoing reaction f%ndency, due to loss

of the function of inhibition of interference noqmﬁily performed by thé

-

{ .
the mechaffisms of arousal and attention share

-

frontal lobes. Becaus

common final pathways through {the ascending reticular activating system to
. R BN -
frontal lobe destinations (Moru2zi & Magoun, 1949) with reciprocal

Esisdnding projections™~from-the—frontal lobes se]ebtively contrelling the

afferent information flow (Luria, 1973), the intribuing possibility lexists

that attentional and perhaps higher cognitive deficits following sleep loss

result from-functional impairment in fronto-limbic structures. Some N

electrophysiological evidence to this effect has been provided by Skinner
and Lindsley (1973).

Broughton (1975) has postulated that during the activities and
stresses of wakefulness progressive cortical depolarization (negative
transcortical DC shift) occurs and that one of the functions (effects) of
steep is to repo]ariie the cortical DC resting level for optimum neural
function the following day. There is experimental evidence for such
sleep-related repolarization from recordings in experimental animais
(Kawamura & Pompeiano; 1969; Kawamhra & Sawyer; 1964) and Broughton (1975)
has suggested tpat it is probable that this phenomenon is maximum in the
frontal and prefrontal regioné. Moreover, it has been shown that sféep g
loss abolishes the contingent negative variation (CNV) (Naitoh, Johnson, &
Lubin, 1971), the frontal-generated wave whicq reflects activation of the
cortex for anticipated attentional duties.” In accordance with Tecce's

(1972) model concerning the re]afionship of arousal to the CNV, inability

-~ .
to produce a CNV after sleep 10ss may -be due to ceiling effects resulting

|
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from excessive cortical depolarization. It therefore appears that such
nocturnal cortical repolarization may be important in the mental efficiency
of individuals the following day. Further, it is hypothesized that the
present findings indicating a tendency towards perseveration with sleep
Toss may represent a specific instance of functional disturbance in
frontal-mediated behaviour. Although highly speculative- at éhe present
time, there is eQidence that such a phenomenon may be manifested in the
behaviour of those chronically sleep-deprived (see Chapter V).

'The present study represents a preliminary investigation into possible
quantitative and qualitative changes in cognitive functioning resulting
from partial sleep Toss and from recuperative oversleeping. The hypothesis
that changes in the strapegies and/or the efficiency of information
processing are precipitated by too much or too little sieep remains
unproven, although some evidepce of such a phenomenon has been reported
here. Certain modifications to the present study may allow these potential
effects to become more evident. Because it is well-known that significant
effects are difficult to demonstrate following PSD, particularly if the
- tasks used are brief and stimulafing, cognitive changes may become more
apparent on more prolonged tests following more acute curtailment of sleep
time or ]ongef tions of sleep loss. Similarly, oversleeping effects
could be investigated following previous schedules yielding positive
results, such as recovery sleep following total sleep deprivation
(Wilkinson, 1963a) and sleep extended from habitual amounts {Taub & Be;ger;
1969, 1973).

Measures of response latency in card-sorting could be incorporated ‘in
future studigs, particularly given pqgviogs observations that this is the

critical variable reflecting breakdown following acute sleep deprivation in

86
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selective attention (Norton, 1970; Hi]kinsan, 1964) and perhaps -
concept-formation (Williams et al., 1959). This may have occurred in the
present study as it was our observation, as well as the subjects' own
assessment, that at certain trials they would hesitate momentarily before
selecting a category. Inclusion of response latency would further permit
analysis of the tradeoff between speed and accuracy, a mosf botént source’
of information on subject-paced task$ (Buck & Gibbs, {572). Finally, it is
recommended in order to more fully ascértain'the nature of the strategies
utilized, that reqular subjective }eports as to ngthod of solution be
recorded. .

In sum, two separate findings have been reported for cognitive
processing following changes in the sleep schedule. 1In a problem-solving
_ task (anagrams) invo]vipg concentrated immediate processing of information,
the natural. circadian rhythm gj,poorer a.m. performance was amplified
during periods fo]léwing both reduced and.extended amounts of prior sleep.
In a concept-formation task {WCST) aMowing a quantitative and qualitative
investigation of work on related trials, performance fol]od*ng oversieeping
was characteriéed by a lesser efficiency in extracfing all possible
information whereas performance following sleep loss indicated a relative
lack of flexibility in the shifting of concepts. This latter finding is
considered of special interest as it suggests the operation of different
strategies and/or levels of ability in higher-order processing between

conditions of reduced and extended sleep, and is of heuristic and

retical importance in terms of hypothesized neural substrates for such

phenomena. : |
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Subjective changes

The purpose of analysis of subjective effects was twofold: first, to.
examine changes in sleepiness, mood, and energy precipitated by alterations
in the sleep schedule; second, to establish the sensitivity of the Stanford
Sleepiness Scale (SSS) to these events.

Sleepiness, mood, and energy ratings all tended to change in the
- directidn of negative self-experience following 1 and 5 nights of PSD. The
ease with which changes in self-perceived feeling states occur with sleep
loss is supported by ﬁumerous studies in the literature. This gontrasts
sharply with the resistance of objective indicators to decrement and
suggests that the perceived effects of sleep loss are more extreme than are
its effects on performance.

ATl three sets of measures returned to near or beyond baseline levels
with only one night of recovery oversleeping, as has previously been
observed by Carskadon and Dement (1979) for recuperative sleep following
'one night of TSD. However, this represents quite a different finding from
that reported by Taub and Berger‘(]973) and G]obusgilgﬁg) for their
subjective measures of arousal fo]]dwing extensions of sleep from the usual
amount. It seems'like1y that extended rations of sleep, whether following
sleep loss or habitual amounts, represent qualitatively different
phenomena, at least in térms of the individual's own perceptions of
we]]-being The ‘positive valence attached to recuperat1ve sleep was
particu1ar1y evident in the present study for energy rat1ngs which
increased significantly after one such night relative to not only sleep
loss levels but. also initial baseline levels. This suggests further that
the effects of recovery sleep are experienced subjectively as more

beneficial than a regular night's sleep.
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Previous studies (Carskadon & Dement, 1979; Glenville & Broughton,
1979; Hoddes et al., 1973) have found that a single. night of total sleep
deprivation results in a significant increase in mean SSS scores. The
present study confirms and extends these findings to the more common
experience of a less acute curtailment of sleep time. The sensitivity of
the SSS to internal changes following PSD supports the work of Friedmann et
al. (1977) who observed significantly elevated SS$ ratings during long-temm
gradual restrictions in sleep time.

However, unlike the all-night sleep deprivation studies of Hoddes et
al. and Glenville and Broughton, the present findings indicate a general
lack of correspondence between SSS ratings and level of performance.
Corrélations between the two sets of measures were low and subject to Targe
individual differences. FElevated sleepiness ratings after short-term
partial sTeep 10ss are therefore not predictive of performance deficits for
individual subjects and cannot reliably serve as an estimate of performance
efficiency.

Sleepiness ratings associated with each of the tasks also tended to
vary with increasing sleep loss and to return to baseline levels with one
night of recovery sleep. Howevér, the significance of this trend was
contingent upon the arousal propensity of the task prior to any
experimental manipulation of sleep time. Those tasks which resulted in the
least initial fatigue, i.e., anagrams and the Wisconsin Card Sorting Test,
were associated with significantly elevated post-test sleepiness r‘at']ng.'i___‘D
following sleep Toss owing to departure from earlier feelings of relative
alertness. Moreover, the tasks that were rated as “initially more

sleepiness-inducing, vigiiance and four-choice and simple RT tests, were

—
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also the tasks in which subjects exhibited the greatest performance
déf}cits. ~This is in accordance with Wilkinson's (1969) proposal as to the
sensitivify of unstimulating tasks to sleep loss effects.

The and ear]iE?*(G]envi]]e & Bfoughton, 1979) observation that
S35 scoreg tend to vary as a function of the type of task may be viewed in
more general terms as reflective of the sensitivity of the SSS to
situational variablies. 1In this context, the nature of the task exercises
an effect on some ynderlying variable suéh as motivation. The finding that
the prolonged” and &nnotonéus vigilance test was associated with higher
sleepiness ratings in all conditions whereas the simple RT test, which
pré;ides supposedly incentive-producing knowledge of results (Wilkinson, -
1961), was followed by the Towest $5$ values after sleep loss, tends to
éuppgrfjthis hypothesis. The influence of* motivation on SSS scores was
par‘icu]arly evident on the last two days of testing (postbaseline),
when sleepiness ratings were elevated and willingness to perform reduced,_
s suggested by the Tow false pbsitive‘rate_on the vigilance test as well
as subjects' comments on the follow-up questionnaire.
The evidence suggests that the SSS is not a unidimensional measuring
trument but rather is subject to influence by a number of other interna]v
factors. As suchy_the scale may reflect variations in the self-perceived
state of the individ Q] which are not reflected in performance measures, as
has occurred previous]}\&i:iggmann et al., 1977; Glenville & Broughton,
1979}, This was certainly the case in the present study for those tests f-

not sensitive to sleep loss deficits, whose pattern of associated $SS

scores resembled that of the sensitive task-related ratings.

o
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Transient situational variaﬁaes maiﬂhave exerted an even stronger
effect when acting upon a background of relatively modest dearousal such as
that following PSD. Comparing the range of task-related $S§ ratings in the
present study to that of the all-night sleep deprivation study' of Glenville
and Broughton for the same tasks, vigilance and simple and choice RT, |
values during initial control conditioﬁs were foughly eqUiva]ent (mggg =
2.5; mean = 2.9 respectively), whereas they were substantially reduced
after five nigﬂ;j)PSD (mean * 3.3) relative to TSD (mean = 5:0). This
comparative difference supports the original observations {Hoddes et al.,
1973) that SSS values vary as a function of.the magnituﬁe of sleep loss.
GLyen—the reduced ceiling of SSS values after PSD, even minor fluctuations.
in subjective assessmenf of arousal resulting from such situational
variaﬂles as motivation could have become more readily apparent. The
general lack of correspondence between SS$ ratings and performance was
prbbab1y therefore a result of the greater sensitivity of the SSS to
transient phenoména which introduced substantial noise within a small range
of values.-

Previously, Glenville and Broughton (1979) reported that the SSS was
predictive of performance efficiency only for those measures which showed
sleep loss deficits. Although no such robust correspondence was observed
for the same tasks in the present study; the number of significant
correlations between task performance and sleepiness ratings did increase
with greater sensitivity of the tasks to PSD. Q

Irrespective of this finding, the overall pattern of relationship
between the two sets of measures was one of large inter-subject

variability. It is interesting to note that the only two subjects for whom

)
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s]eepiness ratings were predictive of performance efficiency were the two
female subjects. Although this could well be .a chance occurrence, it was
our clinical observation that the male subjects tended to react to the
condition of sleep reduction with a certain kind of bravado. Any
reluctance to admit to‘the effects of sleep Toss could then have been
reflected in a narrower range of SSS scores. It is certéin]y wel 1-known
(e.g., Wilkinson, 1969) that subjects will react to sleep deprivation ag a
bha]]enge situation, but to ou; knowledge thére is no data on sex
differenqeé in this phenomenon.

In sum, the Stanford Sleepiness Scale is a reliable indicatdr of the
effects of PSD, particularly when analyzed globally for mean all-day
ratings. However, due to its sensitivity to transient fluctuations imposed
by the situational context, its predictive efficiency of performance
abi]iFy:is at best minimal. The observation that $S§ ratihgs do not
generally reflect capacity to function after partial sleep loss contains
negative implications concerning its usage in assessment of such clinical
populations as narcoleptics and insomniacs, for whom attentional defiéits
may be manifested as a result of chronic sTeep reduction. In such .
situations, tﬁe subjective SSS can serve as a useful adjunct tool but not -
as a 5ubstitutg for objective performance measures of impaired alertness
(Glenville & Broughton, 1979;ﬂGlenvif1e et al., 1978; Wilkinson et al.,
1966) or for measures of pressure to fall aéleep from wakefulness measured
by the muitiple sieep latency test (Richardson, Carskadon, Flagg, Van den
Hoed, Dement, & Mitler, 1978).




Chapter V
GENERAL DISCUSSION

A long-standing question in sleep research is how much sleep is
required for a given individual. Recently, several authofs {notably,
Baekeland & Hartmann, 1970; Dement, 1965; Hartmann, 1973; Webb, 1973) 'have
sﬁéculated that the latter portion of a usual night's sleep hay not be
essential but rather may vary with individual needs for psychological
restoration. Evidence that REM deprivation in humans does not yield major
deleterious effects and may even be beneficial for certain clinical
popu]étions (cf. review by Vogel, 1975); along with experimental findings
that individuals can tolerate, adapt to, and maintain voluntarily,
Tong-term reductions in amount of sleep (Friedmanh et al., 1977}, tend to
support such a view. . u

A]thoujh it appears that many individuals can function adequately with
‘less sleep, particularly if fhe new sleep-waking schedule is implemented
gradually (Naitoh, 1975), the present findings indicate that at least
re]ative]y'short—term reduction of sleep yig]ds negative éonsequence§ for
performance ability and subjective‘fee1ing states. Moreover, these
subjects were partially sleep-deprived by going to bed later to keep the
duration between awakening and daytime testing constant. Thus these
findings would tend to support the view espouséd by Taub and Berger (1973,
1976b) that a sudden shifting in the phaselbf sleep, rather than sleep loss

per se, is the major factor producing disruptivé\effects on the organism.
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As with their data, thejﬁattern of results in the present study reveals
that the éffects of the initial shifting of the phase and duration of
sleep, results in performance deficits evident primarily in the morning.

Time of day differences were also ﬁresent throughout the perfods of ,
sleep loss and recovery sieep, but on]y-for thosé tasks (anagrams’and.
fohr-choice RT} which did not yield mean all-day effects. For the more
seﬁsitive tasks, however, circadian diffeEgnces we;e eitherlabseng
throughout (simple RT) or abolished (vigilance) ﬁith.continuation of the
schedules of sleep reduction and exXtension, converging to impaired levels
after cumulative PSD and normal Ievels.fo1}ow1ng cumulative extended .
sleep. l

Such differing 6atterns after initial and continuing vaﬁﬁations in the
sleep schedule suggest,a fwo-step_mechanjsm. Sudden di§ruption of the
habitual diurnal pattern of s]eepin% betwéen'unre or less consistent clock .
hours may exert a desynchronizing effect on norma]ubody rhythms, thereby
enhancing circadiaﬁ’flu&}uﬁtions. Such'a mode]-ha§ been propoSed by ) .F/fpx
wi{ﬁinson (1963a) to explain time éf day effects after recovery s}eep. ' 4
With accumulation of s]eepﬁlosé or gain a more general deficit due to
dearousal méy a;sert itself, as haslbeen.suggested by Kjei]perg (1977;, b).” i
Tﬁe limited evidence‘avai]able,from long-term PSD studies suggeété thaf S
thére'is probably a third phase wherein the 1mpose& sthedule is gradually B
tolerated and adapted to.- | 3 . |
The present study 1néorporated certain methodological procedures .
déﬁigned to-allow the emergence of 3 clearer picture of PSD effedts without | i
resorting to massive testing procedures. First, the Fel&tive senaitivity , "

of the 10-min simple reaction\time test has shown that tests*sensitive tgp

sleep loss effects heed not be prolonged, for even short-term PSD and

C
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supports it’s sensitivity documented for one night of total sleep

deprivation (Glenville et al., 1978). Second, manipulation of sleep
rations have been calculated relative to habitual sleep amounts. This was

judged to be particularly Tﬁpéfgant‘because the degree of impairment after

A

- shifts in the phase and duration of sleep varying with habitual sleep
amounts (Taub & Berger, 1976a) may contribute to large inter-subject

fvariability in performance following PSD (Kleitman, 1963; Webb & Agnew,

1965). °Finally, time of day has been considered as a separate factor
to study the effects of reduced and extended amounts of sleep .n
{nteraction with circadian frends, whereas previous studies {notably
Hamil;on et al., 1972; Wilkinson et al., 1966) have tended to pool daték
over different times of day'or experimental conditions. , | .

Although the institution of such controls has certainly facilitated

the specification of impairment in certain abilities, notably the capacity

for sustained attention; there still remains a certain elusive quality

-

attached to the documentation of t and other sleep loss effects. This

is seen most clearly in the di epancy between subjective and objective

appraisal of the’effects of sléep 1055T Whereas profound changes in

self-experience are a frequelf~Counterpart of even moderate amounts of

sleep deprivation, performance studies have generally shown that it is
necessary to administer acute doses of s]eep\loss followed by. prolonged
testing sessions on monotonous tasks to achieve an equiva1entETEV€T’5?
ob&ectivg1y specifieg change (Wilkinson et ;1., 1966).

The -dichotomous nature of sleep loss effects is perhaps most commoniy

explained with reference to the resiliency of the steep-deprived individual

to compeniite functjonally for what is experienced negatively.
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Witkinson Especia]]y, reminds us of the powerful ro]g played by incentive
and motivational factors. Appropriately, this has bgen posed as a
methodo]oéica] concern; to the extent thét we caﬁ minimize sources of
stimulation, the true effects of sleep loss wiil emerge. Most of us,
however, do not ]ive in 7 world devoid of stimulation. Yet when we lose
sleep, experience teaches us that we are not pe;forming at optimdl
capacity. Certain very highly-motivated 1ndividuals have subjected
themse[ves to total loss of sleep for periods as prolonged as 11 days
(Johnson et al., 1965). Inability to maintain normal, functioning
_inevitap]y’resu1ts no mattey how much stimulation th; individual has
assured for him- or er=3Self during the period of continuous wakefulness.
Some (Bliss et'al., 1959; Johnson et al., 1965; Morris et al., 1960) have
even described symptoms rgsemb]ing those of acute paranoid psychosis during
these pro]bnged vigils. These findings dramaticalll_g_ hasize that there
are IimiFs of tolerance which cannot be exceeded witho?f\>BQEFignal
deterioration despite more than adequate motivation and stimuTEtﬁqg
conditions. .
- -
At a less extreme level, a variety of evidence suggests that chronic
or prolonged schedules of altered sleep length harbour definite >
conéequences for the indiyiqualf though these may be initially subc]inica1.
’Luﬁin (1967' has discussed the buildup of attentional deficits which may
accumul ate to ;erious.féve1s in the chronically sleep-deprived. = Although
there is no hard evidence that short-term PSD increases the risk of mental
“and physical illness, recent epidemiological studies {Belloc, 1973; Kribke,
Simons, Gar%inke], & Hammon, 1979) show that se]fTreported sho}t and tong

sleep may be related in the long run to increased morfé]ity rates.

9%
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Al though only a correlative relationship, this f1nd1ng can be related to
F

the abundant literature suggesting the presence of active tissue
b

restoration during sleep (e.g., see review by Adam & Oswald, 1977).

" Exclusive reference to per?gfmance efficiency may lead to erroneous

- {
Eonclusions regarding the effects of long-term PSD. In t@e Friedmann et

a].‘(1977) study, sub}ects experienced relentless feelings of fatigue
whereas their performance did not decline throughout the 8-month period.
Is this finding to be interpreted that the latter part of a night's sleep
is superfluous? In the present view, it raJher_suggestsqihat the
deterioration in certain abilities is not Seing measured.

Kjellberg (1977‘a, b, ¢) has-presented a model which perh%g§ best
incorporates the various features of sleep 10;: effects. According to
Kjellberg, the consequences of sleep loss depend on interaction with the
curreit state of the organism. The sleep-deprived iﬁdividuaT confronted
with a monotonous situation would then feel the effects of sleep loss more
acutely than wgald‘he or she when involved in more stimulating activities:
Perhaps the most originé] concept in his thesis is that there ig an
underl&ing effect of sleep loss which becomes manifgst only in certain
situations. For the last 20 yaears, the lapg? hypothesis has dominated the
orientation of researchers in the area of s]eep deprivation and

performance. It states that other than the brief periods of no-response

(1apses), the sleep-deprived person experiences little difficulty in

maintaining usual levels of functioning. ‘For Kjellberg, such lapses are

but the tip.of the iceberg. With careful S%position of a number of
findings which cannot be explained solely’on the basis of lapses in

performance, Kjellberg has st:EEESJ'the gical necessity of postulating

-
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the existence of a more general attentional deficit.’ The présent findings .
support his hypothesis. A generaf slowing of response speed rather than
intermittent overly long responses (gaps; lapses) seems to have been the
principal deficit in performance following short-term cumulative PSD. On

the mosF sensitive task, gaps were virtuai1y absent.

The above arguments do not déﬁy-ihe potentiating influence of
motivation and incentive; nor the existence of lapses in performance.
Moéivationél factors are surely the most common source of varianée in sleep
deprivation studies. At least following total sleep loss, pressure for
sléep'may build to critical levels causing the intrusion of sleep stages
into wakefulness. It would appear, however, that enough evidence has been
gathered concerning.changes (or lack of changes) following sleep loss which
cannot be explained solely on the basis of motivational factors, when
negative, or lapses in performance, when positive.

Examination of the nmature of changes accruing to fluctuations in the
sleep period may involve a deemphasis of conventional frameworks and
‘greater attention directed towards the objectification of subjective
complaints. A preliminary effort in such a direction has been made in the
present study with the e;amination of changes in cognifive processing
following under- and over-sleeping. Prompted by the frequency /of raports
related to mental changes following such modificafions to the sleep
schedule, this investigation borrowed from models in cognitive psychology
which -provide a framework wherein stress-re]ated'cogniti;e changes can be
understood. Of particular intérest was the finding that recovery sleep
precipitated the largest modifications in cognitive processing, as this was

in direct contrast to the pattern of performance on simpler tasks.




Previously, the exist of slowed thinking under such conditions was
based exclusively on'jg;:?reports and_c]inicq] obsergations., It may be a
fruitful endeavour for future studies to examine the degne& of
correspondence between efficiency of cognitive strategies ;kd/§Ubjective
reports, when both sets of measures are administered concomitantly

“ following éxtended sleep. | ‘

Although even more speculative, the possible occur;ghce of a tendenéy
towards perseveration with sleep loss is of interest in relation to
possible analogues in the literature. Narcoleptics commonly experience
prolonged behavioural automatisms with retrograde amnesia (Guilleminault,
Billiard, Montplaisir, & Dement, 1975), which may be likened to the
phenomenon of perseveration with ﬁemory impairment. These epis?des are
characterized by the efficient and semiautomatic execution gf simple
actions yet failure to respond appropriately to more compléx task
requirements. Case studies reveal that in its most extreme manifestations
unyielding perseveration may ensue in a manner reminiscent of frontal lobe
‘patients' behaviour. This phénomenon is of particular present interest in
1ight of the view that many of the symptoms of narcolepsy may represent the
extreme pathological result of chronic sleep deprjvation.

Luby, Frohman, Grisell, Lenzo, and Gottlieb (1960) have described a
similar syndrome in one normal subject during 220 hr of continuous
wakefulness. ‘This individual was subject to "blackout" periods in which he
would automatically continue certain behaviours, such as p]aying records,
then suddenly "awaken" with no memory of the event. Sleepwalking episodes

. ‘are other amnesic automatic behaviours Which occur in a matrix of

confusional arousals from deep stage 3-4 sleep (Gastaut & Broughton, 1965,
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Jacobson, Kales, Lehmann, & Iweizig, 1965), and may represent even greater
degrees of similar mechanisms.
Behaviourally, pe;severation on the WCST and automaticity of behaviour
are markedly similar. They both involve a reliance on f iliar and simple

-3
patterns of activity which are often unsuited to envifonmental demands.

- They may also have in common a similar predisposing upset in

' . ) ’
“psychophysiological functioning. It is well-known that casesqgf frontal

Tobe damage commonly exhibit perseverative behaviour. A similar functional
deficit in s]eep-déprived individuals, may be related to a lack of
"opportunity for the restoration of basal firihg rates in cortical (mainly
prefronta]) neurons ﬁuring REM sleep. This may represent the
electrophysiological underpinnings of deficits in consciousness in
chronically s]eepﬁgeprived individuals as has been suggested by Broughton
(1975). The striking similarity of attentional, cognitive, and mood
changes resulting from sleep loss and frontal lobe damage attests further
to a common undi}lying mechanism. That certain behaviours following sleep
10ss represent a minor, functional version of the f%ontal Tobe syndrome thus
appears as an intriguing possibility. ' |

Conversely, the “fogginess" of thought pfocesses following extended
sleep may be related to a shift in the balance of
repolarization-depolarization during NREM aﬁd REM sleep Fggﬁbctive1y. A
relative predomimance of NREM could then induce a state whe}ein the
potential for cortical reaétivity is reduced due to insufficient priming

during REM. Such concepts are not new. The basic electrophysiological

. -2
. model has been proposed by Broughton (1975). Ephron and Carrington (1966)

have described and elaborated such concepts as “cortical tonus", “"cortical ’

'8
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homeostasis”, “functional deafferentation” during NREM, and "endogenous
afferentation" during REM, by which they refer to the sleep-related

‘ihomeostatic control of "appropriate 1imits" of cortical excitability. In
their view, "REMS may have the functional effect of counteracting
deafferentatidn in NREM ... reinvigorating the cortex following depletion
of cortical fufctions jn NREMS." (p. 511). Thus disorganization in
thought processes on awakening relates to “residual effects from the

» night's deaffereptation, which persist into the postsleep morning hours
e (p..515). Similarly, Hartmann (1965) has postulated that a need for
REM bufids up du}ing NREM sleep periods. That the effects of ovérsleeping
tend to be most prohounced when no prior sleep has been lost supports a
homeostatic model of electrophysiological restoration during sleep.

On the behavioural level, there appears to .be a qualitative difference
between the pattern of changes precipitated by under- and over-sleeping.
The changes attributed to sleep loss are better known and may be related
most predominantly to preliminary stages of information processing. These

include inabilfity to sustain attention, slower psychomotor responding,

disorientation land misperception, and, as has been suggested here, a
tendency towands autom ticity of behaviour. With oversleep, the types of
changes shif4 more tolimpairment of higher-order cognitive processing, and
these changés have variously (perhaps vaguely) been described as slowed
thinking, "foggy thinking", "thickheadedness", and lesser efficiency of
cognitive strategies. -

The differing patterns of events accruing to sleep Toss and

oversleeping may further be related to a variety of clinical disturbances,

most ndtab]y narcolepsy and the hypersomnias, depression, and the

«
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depressive and‘;;;::\sbl&s-of mahic-depressive illness. These illnesses )

are so inextricably linked to patterns of aberrant sleep as to render the
unravelling of what constitutes a symptom of the disease -from a symptom of
sleep upset untenable. Again, syndromes involving insufficient sleep may
be related to poorer'vigi]ance and augomatic behaviour, as has already been
discussed with reference to narcolepsy. The fitful sleep of endogenously
. depressed patients may contain consequences in such symptoms as slower
psychomotor responding and inabiljty to shift from set patterns of morbid
thought. The great frequenc} with which depressive'ggaptoms are reported
by narcoleptics -(Broughton & Ghanem, 1976; Passouant & Bi]iiard, ]9761f
attests further to the association between such symptoms and chronic sleep
disturbénce. ° .

Syndromes involving‘excessive sleep contain their own ynique‘set of
behavioural correlates. The sleep drunkenness of iaiopath}c hypersomnia
(B. Roth, 1956; B. ﬁothjet al., 1972) is markedly similar, albeit more
extreme, than the thickheadedness of individuals arising from overly

prolonged sleep. The sTGwed thinking characteristic of reactive depression

and the depressive pole of manic-depressive,illness may have similar

origins. » //’"“\\\*ﬁr‘1r
It is hobéq that the reader has seen fit to grant "tRe~duthor license

for the degree of speculation in the preceding pages. Some of these ideas
w{ll certafn]y be discarded while others may come to bear some fruitful
findings: It is the aqghor's contentijon, however; fhat new perspectiveé
are necessary at the present time in sleep deprivation research. This has

been exemplified most dramatically perhaps in the unfortunate dropoff of



research effor;s in this area during gpcent years. It appears to be a
a topic needy of revitaTization and new direction. Let us hope that our own -
thought processes do not come to resemble those of the sleep-deprived i
1nd1v1dua1 locked into the execution of fam111ar patterns of thinking and

" doing. ‘ .

Yy
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' SLEEP_DEPRIVATION STUDY QUESTIONNAIRE (CONFIDENTIAL)

Name: : s - _ Age: Sex: _ ’ .
Address: Tel.no, Date:

.List any Psychology courses that you currently'tak?/ﬁfth the
professors! nazmes. : ‘ ({ \

the week?

How long do you usﬁally sleep each night durin

on weekend nights (Fri.& §at.)?‘

At what times do you usually go to sleep’and wake up on week

nights?

-

on weekend nights? ( -

-

How long do you generally taHe to fall asleep after turning out

the 1light?

et

Describe any-difficulties you might have in falling or staying

asleep.

-

Are you a regular sleepqr?; ie. does your'sléep pattern -vary

substantially from night to hﬁght?

Do you do or have you done- shift work? If yes,

when and fér how long? : ‘ ~~Did you adapt

‘éasily __, or only with great dlfflcﬁlty°

- Do you wzken at times with a"thlck head"lastlng at least 30

minutes? If 50, does it occur: more than once 2 month?

more than once a week?
N

Yave you ever had a scary dream?

Do xsu feel yoﬁ get enough sleep?
- Do you nap? »__If so, how often and for how long?

L O
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fAre you willing to give up napping for the week during which

you will be losing some nighttime sleep? |

Do you frequently sleep more thar 8'hours? ___ If so, how do
you feel the day after?

How do you think you will function on 43 hours of sleep per
night for five consecutive nights without napping?

Are you curious about the effects of under- and over-sleeping

on your performance?

Do you take any medication? —__ If yes, what kind and in what

anount?

Do you drink alcohol? If yes, how often, how much, and when?

Do you take nonmedical drugs (eg.marijuana)? If yes, how

often, how much, and when?

Approximately how many cups of coffee or tea do you drink per§>

-

day? -~

Would you agree to @abstain from alcochol, nonmedical drugs, coffee,

and tea on those days thet we reguest during the course. of the

experiment?

Have you recently sought treatment for any physical health

problems? If yes, which one(s)?

'Have you been treated for any psychological problems?

'If yes, which one(s)?

Do you work part-time or hold any other commitments aside from

school? If so, when? _ If necessary,:

cen they be rescheduled?
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Will you be in town and available for the experiment for the

entire month of November including all weekends?

Is there anything else that may be important for us to know

about you?

THIS SECTION FOR WOMEN
When do you anticipate that you will have your menstrual period

during the month of November?

To what extent are you regular?

Tb what extent (if any) do you feel your functioning is impaired

before or during menstruation?

If I will be a subject in the experiment, I agree to complete it
once started and comply with =11 insructiohs‘as have'been outlined

for me.

(signature)
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SLEEP DEPRIVATION STUDY FOLLOWUP QUESTIONNAIRE

Name: -

1. List in order your reasons for initially volunteering for this
experiment.” (1-6)

Money _ Marks Interest Meeting others
Challenge Other
‘._ﬂ

2. Give your subjective appraisal as to what each of the tasks was measuring;
v.i.e., what abilities did you have to use to perform well on the tasks?
5 1In the second column rank the tests in order of difficulty. (1-5)

¢

**Vigilance /

4-choice RT

‘simple RT

Card Sort

Anagrams

3. List any other functions or states that might have improved or deteriorated

as a result of sleep loss or oversleeping which this experiment did not seem
to measure.

4. Was your motivation constant throughout the experiment? If it
varied, on what testing days were you most and least Tikely to try your
hardest on the tasks? Include any A.M. - P.M. differences.

(/\..

J
i

5. Do you think your performance would have been any different had you been run
"~ through this experiment alone? If so, how? ‘

e e o a




10.
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Do you feel that a knowledge of your own or others' performance on the
tasks affected your subsequent performance?

‘What strategies did you use in improving your performance on the various

tasks. Try also to give an indication as to approximately when {what day
of testing) your performance started to show significant improvement on
each task as a result of these strategies.

Vigilance
4-choice RT
simple RT
Card Sort
Anagrams

Vigilance
List any factors that might have improved or interfered with your performance
on the vigilance task {e.g., tape quality, hearing another's response,

people walking through the room, etc).

Four-choice and simple RT

List any factors that might have improved or interfered with your performance
on these tasks. ' v

Card Sort

Were there times you were more Tikely to become confused, lose track, or take
longer in sorting the cards even if your sorting was correct? If so,
when (on what testing days)? Include any A.M. - P.M. differences.




M.

12.

13.

14.

15.
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Anagrams

How many times do you think you have to take the anagrams before you
reachthe 1imits of your ability on this task?

Describe any other factors that might have contributed to your better or
poorer performance on any of the tasks.

We realize that many of the controls for this experiment were quite
rigorous and difficult to maintain; occasional straying from the riles

is understandable. It would help us greatly in terms of data analysis

if you could report now any such events which you have not otherwise
reported (e.g., napping, sleeping more or less than allotted time, taKing
medication, alcohol, or other drugs, etcﬁ). State when.

' Did you ever fall asleep during any of the tasks? If so, on what

tasks and when?

Were you'entire1y consistent about filling out the SSS forms?
If not, when did this slip the most?

Are you interested in receiving the results of this experiment?

Please include any additional comments or suggestions on the back of this
sheet. Thank you.
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ptlse

nustt

lacor

fltau

lafat

alfse

jeect

cmaig
armla

ualge

eoynv
ugeag
uilbd
asyet
arsty
ibtre
nryea
racte

neash

itewh

saptr

urcve

Jqcfay

fryai
infat
theig
vela;
ectle
neact
doblo
hgcou
lufsh
rtisk
wastr
ustdy
kcflo
ytpar

inswe
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plepa
roapn
ekevo
tusoh
edspa
kcspe
nnfuy
ecody
tnshu
ilgud
gnmit
domel
nceim
irmth
iltug
uiedg
ou;hs
ldasc

ngiuf

nodem

ltfai

apsce

srepa

arteh

styug

lifrl . N

gupro

urshg.

esgui

unmis

klmiy

eyhna

mstoi

ssbli

simty

nrfot

ramol >
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Wisconsin Card Sorting Test
Scoring Sheet
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Stanford Sleepiness Scale and
Scales of Mood and Energy
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PREVIOUSLY COPYRIGHTED MATERIAL
IN APPENDICES "D" AND “E“, LEAVES
135 AND 137, NOT MICROFILMED

135 - Wisconsin Card Sorting Task
137 - Stanford Sleepiness Scale
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APPENDIX F | B
Model -of F Table for 4x2x2 ANOVA -
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Source ' Suw of  Degrees of ° Mean Square ° F Tail Prob.
- Squares Freedom (df)

Mean ‘ - : Ty - - .
Error - - 6« ] - - -
A - Amount of . .

sleep - - ) 3 4 - . -
Error (Axs)_ - ]8; - - -
B - Day of ,

condition- - - MR | - -
Error (BxS) - 6 - _ - -
AxE S ]
Error (AxBxS) - . 18 - -
C - Time of day - B - - -
Error (CxS) - - 6 i

' . ' ' o
AXC_ - 3 ] - - -
Error (AxCxS) - .11 - - -
B.x C - 1 - -
Error (BxCxS) - 6 - - -
AxBxC . - 3 . . .
- 18 - -

Error (AxBxCxS)

Note: Abbreviation: S, subjects variance.

.

a df for numerator = k - 1; df for denominator - associjated factor
levels from formula, df - (ka - 1) (kb - 1) (kc -1) (kS -1).

Pl






