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Performance Decrement During 40 Hours
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Naval lealth Rescarch Center, San Diego

ABSTRACT

Young maic Naval voluntecers were denied normal nocturnal sleep and maintalned on a 6v-min
treatment-160-min testing schedule during 40 consecutive hrs. Ten suhjects bicycled, 20 subjects
controlled EEG activity during bedrest, and 10 suhjects napped. Eight measurces of addition, audi-
tory vigllauce, mood, and oral temperature were ohtained. The Bedrest group showed significant
Impairment on all eight measures, and thus, gave no support to the forced-rest theory of sleep
function. The Exercise group was worse than the Nap and Bedrest groups for all measures. In spite
of fragmented, reduced sleep (about 3.7 hrs per 24 hrs), the Nap group had no impairment on slx
of the measures. The results suggest that exercise increases the impairment duc to sicep loss, and
naps reduce or remove tnis impairment. Bedrest is not a substitute for sleep.

DESCRIPTORS: Sleep loss, Performance, Mood, Naps, Exercise.

The purposes of this study were to answer two
empirical questions and to test the forced-rest
theory of sleep function. The empirical questions
were: (1) Do naps prevent sleco loss decrement in
perfermance wheu subjects are deprived of normal
nocturnal sleep? (2) Dovs exercise increase or de-
crease the impairment of performance and mood
during sleep loss?

Anearly version of the forced-rest theory of sleep
function has been traced back to Claparede (1905)
by Webb (1974): **h is not hecause we are intoxi-
catcd or exhausted that we sleep: instead we sleepin
order to not be that way’" (translation by Webb and
Lubin). In Webb’s version, the primary postulate is
that survival rcquires periods of non-responding.
Sleep is an active process which prevents the or-
ganism from responding when predator-prey rela-
tionships make activity dangerous, or when forag-
ing for food would be inefficient. The existence of
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both hibernation and estivation among auimals
lends evidence to the supposition that a decrease in
metabolic rate at appropriate times is an importaat
survival mechanism. The forced-rest theory denies
that the primary function of slecp is restorative
(Wcebb, 1974).

Zepelin and Rechtschaffen (1974) regard it as a
fact that: “sle2p in effect sets a ceiling on metabolic
cxpendituies by limiting the amcunt of time avail-
able for activity. The enforcement of rest. .. ap-
pears to be the principal contribution that sleep
makes in the regulation of energy expenditure [p.
454]."" Due to the failure to isolate hypothesized
sumnotoxins, Berger, Taub, and Walker (1973) also
have espoused the forced-rest theory of sleep func-
tion. The simple version of the forced-rest theory
makes sleep unnecessary when the subject remains
quiet in bed.

The common-sense view of napping 1s that it
benefits and refreshes any subje*t who is suffering
from sleep loss and/or fatigue. But the substitution
of scheduled naps for monophasic noctumal sleep
disrupts the usual sleep/wake pattern. Two studics
have concluded that any alteration in established
slecp patterns, even an increase in the normal
amount of sleep, is deleterious to performance and
mood (Taub & Beiger, 1974a, 1974b).

The common-sense view of exercise is that it
provides a short-term arousal from sleep 1ss but
continued exercise combined with sleep loss leads
to profound deterioration in mood and performance
Yet the only published study to date concluded that
during sleep loss the effect of exercise was no differ-
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ent from that of bedrest on word list memory, com-
plex addutions, and auditory vigilance. For a simple
{successive single digit) addition task, exercise had
a significantly benefictal effect (Webb & Agnew,
1973). We felt that these unexpected results de-
served another look. Our study was designed from
an applicd point of view in an attempt to answer the
following question: given that there is some
emergency which imposes at lcast one night of sleep
loss on a subject, what is the best regime to follow
before and during sleep loss which minimizes sleep
loss impairment?

Method
Subjects

Forty male voluntcers (19-28 yrs, mean age = 21) from the
Naval Hospital Corps School were chosen on the hasis of their
willingness 10 spend Monday tbrough Friuay in the lah. and stay
awake for 40 successise hrs. Details on their briefing and de-
hnicfing have been giveninapreviousanicle (Hord. Lubin, Tracy.
Jensma. & Johnson, 1976). Inlormed consent was oblained

Experimental Design

There were three groups. Ten suhjects were allocated to 1he
Nap condition and followed a 220-min ¢ycle of 60-min nap-
160-min wake for 10 epochs The 20 subjects of the Bedrest
group followed the same schedule, but tried to regulate thar
hrain waves during their 10 hrs in bed. The 10 subiects in the
Exercise group followed the same regumen, but hicycled during
the 10 60-min treatimenl sessions instead of sleeping or resting in
bed

A pparalus

Details ef the fecdback apparatus used hy the Bedrest group
are given in another anticle (Itord et al 1976)

EEG feedhack designed to increase thela activity was given o
the Nap subjects 10 aid sleep onset. The supposed soporific effect
of theta enhancement was not tested in this study .

Heart rate was fed back to the Exercise subjects duning station
ary hicycling. A PDP-12 computer measured cach successive
R-to-R interval (in msec) and then computed heant rate inbpm: A
TV display of the rate associated with cach successive hean beat
was provided to the exercising suhject

ELG was recorded for Nap suhjects as described by Moses,
Luhin, Naitoh. and Johnson (1972). Eye movements were re-
corded by the common mode rejection technique (Hord, 1975).
For all 40 subjects. hascline night sleep and recovery night sleep
w.re recorded similarly . Sleep records were scored according to
the Rechischaffen and Kales Manual (1968).

Oral wmperature was measur :d hy an electronic thermonieter
(IVAT, Model 811).

Procedure

The schedule is displayed on the abscissa of Fig. 1 Monday
and Tuesday were oricntation and practice days. The first ¢x-
perimental session (bedrest. exercise. or nap) started at 0800 on
W tnesday moming The hasic umt Tor treatmens and testing
Wi a220-min epoch. Epoch | to epoch 10 occupred 36-hrs and
4u-minof the 40-hrs; a total of 3-hrs and 20-min was set aside Tor
hreaks and meals. All subjects were awakened at 0600 Wednes.
day and put to bed at 2200 Thursduy . All subjects were awakened
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between 06000630 on Friday Lpochs 11and 12 (K11and 1:12)
followed immediately after one full night of recovery sleep

The 20 subjects of the Bedrest group were given feedback on
their 1:EG acuisny: 10 were given positive feedback for augment-
ing alpha acuvity, and 10 were given positive feedback for
suppressing alpha and theta Suhjects were run in pairs so that
one subject was receiving feedhack for augmenting alpba at the
same time that his control was recciving feedback for supress-
ing alpha and theta. Their EEG activity was monitored closely
for signs of drowsiness as defined by Rechtschaffen and Kales
(1968). and they were not perinitted to slecp. Thus, the Bedrest
suhjects wers forced 10 rest physically bul maintained cnougb
mental activity to stay awake. Most Bedrest subjccts displayed
drowsiness from E7 to E10 and were roused one or more times.
Statistical analysis showed no performance or mood differences
between the high alpha and low alpha-theta groups (Hord et al .
1976) so both were combined into the Bedrest group. The alpba
enhancement group produced significanily greater amounts of
alpha acuivity up through k6

Exercise and Nap subjects were also run in pairs. The l.xer-
ctse suhject pedaled 1 nule esery 12-min for a total of § miles
while the Nap subject was allowed 1o sleep. Exercise suhjects
were instructed 10 raise their beait rate to S0% above baseline and
tohold this level while pedaling. Immediately after lights-on. the
Nap subject was roused and pedaled | mile in $-minto eliminate
the sleep inertia that usually accompanes waking.

Measures

All 40 suhjects were tested in exactly the sanic way Following
the first hour of nap. exercise. o1 bedrest. the 40-min Wilkinson
Auditory Vigilance test was gisen and oral temperatiire: was
taken. This was Tollowed by 40-mun of the Wilkinson Additon
test (Wilkinson ., 1969) On the even-numbered epochs (82, B4,
etc.) the immediate recall Wilhams Word Memory Test
(Williams. Gicscking. & Lubin. 1966) was given with a digit
span task between the hist presertation and the recall (to prevent
rehearsal). On odd-numbered epovbs . the Profile of Mo States
(McNair, Lorr, & Droppleman, 1971) was gi en. The Stanford
Sleepiness Scale (Hoddes. Zarcone, Smythe, Phillips, & be
ment, 1973) preceded and followed every 1-hr trealment session
The Nap subjects filled out this scale before exercising.

All of these tasks have been shown in presious studics 1o be
sensitise to one night of sleep loss when 10 or more subjects are
used (Lubin. Moses. Johnson, & Naitoh, 1974).

Results

Fig. | gives the averages for each epoch for three
of the measures. Oral temperature cleatly shows the
usual circadian cycle under all three treatntents. The
trealments scem to have an additive effect. i e, they
change the level but not the wave-form of the clrea-
dian cycle. Presu nably this shows that the treat-
ments have direct physiological effects in addition
10 any psychological sequela.

For number of correct additions and reported
sleepiness, the extreme scores tend to ovcur at
epoch 7, following the lowest oral temperature at
about 0500, but there is an apparent non-additive
interaction between treaiment effects and circadian
cyele.
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Fig. 1. Averages for oral temperatur
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TABLE 1

Sleep Loss Contrast scores for exercise, bedrest. and nap groups

] Means (Standard Deviations)
Measures N=10 N=20 N=10
Nap Bedrest Exercise
Wwilkinson Auditory Vigilance
Percent of Correct Hits 51.3 (119) 87.4 ( 59)* 124 8 ( 91)*
Errors of Omission 11.6 ( 35) 22.6 ( 14)* 30.3 ( 29)°
Wilkinson Addition
Percent correcl ~-56 (3 S.1( 100* 21.5 ( 22)*
Number correci -7.4 (121) 83.9 (128)* 107.0 (145)*
Nuinber atiempicd 1.0 (112) 80.7 (131)" 84.8 (153)
Oral Temperature C) 4 (1.2) 8 (1.3 1.1 (1.00*
Stanford Sleepiness Scale 168 ( D* 147 ( 11)* 26.7 ( 8)*
williams Word Memory L 82( 9 313 ( 6)F 1.5 ( 8)°

e e e

Note. The SLC transform multiplies the original score by six. except for Williams Word

Memory, which is multiplicd by two.

*Significamly greater than zero at .05 level v witer one-ail

Table I gives the numerical summary. For stalis-
tical purposes, each set of 10 epoch scorcs was
transformed intoa Slecp Loss Contrast (SLC) score,
which maximized the effects of steep loss and
fatigue using cach subject as his own control. For
most of the measures,

SLC = 2(E1+E2+EJ) (E7+2E8+2E9+E10).
The Williams Word Memory was given anly on
even-numbered epochs, so an SL.C score of
(E2+E4)--(ES+E|0) was used. For slecpiness
ratings and errors of omission on the Wilkinson
Auditory Vigilance Test the sign of the SLC was
reversed. Therefore a positive SLC scorc always
implics that the subject did worse under sleep loss
than during the first 3 bascline cpochs. When all 7
(or 4) epoch scores are cqual, the expected value of
the SLC score is zero. Epochs 4, 5, and 6 could not
be matched for time-of-day with the bascline epochs
and therefore were not used. For the Stanford Slecp-
iness Scale, only the scores preceding each treat-
ment sesston were used. 1o avoid the nap incrtia
effect.

The SLC transforms do a fairly good job of
minimizing any stow changes due to time-of-day,
but learning and practice effects. when they exist,
tend to make the SEC score an under-cstimate of the
true sleep loss effect. Boredom would make the SLC
score an over-estimate, However, the differences
between the three group means arc free of the effects
of practice or boredom, as well as any simple in-
teractions of circadian cycle and learning with sleep
loss. Higher-order interactions involving the three
treatments cannot be distinguished from the direct
treatment effect.

Originally we planned to combine E11 and E12

with E1 and E2 to determine treatment-free levels.
However, not all measures came back to bascline
after recovery slecp. Since the cxperimental design
did not permit exact assessment of possible carry-
over effects of treatment, festing. learning. fatigue.
ctc.. only pre-recovery data were used.

The Profile of Mood States was not uscd since we
found that the standard measures (Vigor, Fatgue,
etc.) as well as measures specially de vised to cm-
phasize the effects of sleep loss. had less validity
than the Stanford Slecpiness Scale, and did not
increase validity significantly when multivariate
weights were used to get an optimal linear compo-
site.

Did the Nap group gct much sleep? Over the
40-hr vigil, the maximum sleep time possible was
600-min. The average slecp time was 366-min
(+95), or 61% of available slecp time. So. the
average subject got 6.1 hrs of sleep. Ordinarily, we
would not expect this reduction to damage perform-
ance (Wilkinson, 1969). A detailed account of the
Nap sleep measures has been presented elscwhere
(Moses, Hord, Lubin, Johnson, & Naitoh, 1975).

Table | shows little decrement for the Nap group
on 6 of the 8 measures. The Exercise group had a
significant sleep loss cffect on 7 of the 8 measures.
and the Bedrest group displayed a significant +..cp
loss cffect on all measures. The Exercise group
always shows the most damage, withsix of the eight
measures displaying the expected rank order: Nap
with the least decrement, the Bedrest group with
more impairmnient, and Excrcise with the most. The
exceptions are the Stanford Slecpiness measure and
the Williams immediate recall score, to be dis-
cussed later.
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Disregarding tests of significance (for the mo-
ment) the trend indicates that exercise potentiates
the clecp loss effect. However, what do the
between-group tests of significance show? When
the Student r-test and the Wilcoxon rank-sum test
were applied, the Exercise group showed sig-
nificantly more impairment than the Bedrest group
on only three measures—percent correct additions,
Stanford Slecpiness. and Williams Word Memory.
The Exercise group showed significantly more im-
pairment than the Nap group on percent correct
additions, number of correct additions, and Stan-
ford Slecpiness. The Bedrest group showed sig-
nificantly more impairment than the Nap group on
only two measures—the number of correct addi-
tions and the number of attempted additions.

The Stanford Sleepiness and Williams Word
Mecemory measures are anomalies in several ways.
First, the Nap group shows significant impairment
on only these two scores. In fact, the increase in
reported slecpiness meets the Dunn-Bonferroni cri-
terion (Cunn, 1959). a conservative significance
test which takes into account the fact that cight
correlateds-ratios were computed. Furthermore, the
Bedrest group is better than tiie Nap group on both
of these measures, although not significantly so.

Discussion
The Forced-Rest Hypothesis

Webb and Agnew (1973) used a cross-over de-
sign to test the forced-rest hypothesis on 8 subjects
by comparing the Bedrest condition during 2 days of
sleep loss to baseline performance (as well as an
exercise condition). Three of their tasks were the
same as ours: Williams Word Memory, Wilkinson
Addition, and Wilkinson Auditory Vigilance. Their
results show impaired performance on the addition
and vigilance tasks for the bedrest condition. Essen-
tially. our results confirm those of Webb and Ag-
new, and we can report, moreover, that Wiliiams
Word Memory. Stanford Sleepiness, and oral tem-
perature showed clear cffects of sleep loss in the
Bedrest group. Therefore, there is no empirical
support for the forced-rest theory from these two
studies of the bedrest condition. While these expei-
iments demonstrate that forced-rest is not a short-
erm substitute for sleep, they are far from disposing
of the theory.

The evolutionary advantage gained by carly
mammals from regular sleep may have caused genet-
ic control over sleep which is relatively independ-
et of feedback from the activity of the organism.
Or sleep could be controlled by aspects of organis-
mic activity quite far removed from measures such
as metabolic rate, in the same way that breathing
tends to be controlled by CO, rather than O,. Unfor-

tunately, the forced-rest theory is a peculiarly pass-
ive postulate, predicting very little from its truth or
falschood. so that crucial tests are hard to devise.

Exercise and Sleep Loss

Webb and Agnew (1973) found no tendency for
bedrest-plus-sleep-loss to give better performance
than exercise-plus-slcep-loss. In fact, for a simple
addition task (the Plus Seven), they report that exer-
cise was compensatory compared to bedrest. Our
Exercise group always st.owed more sleep loss im-
pairment than the other groups, differing sig-
nificantly from the Bedrest group on percent of
correct additions, reported slecpiness, and Williams
immediate recall score. The last two measures were
significant by the conservative Duun-Bonferroni
test (Dunn, 1959).

So we conclude that exercise definitely increases
performance decrement and sleepiness duc to sleep
loss. The Webb-Agnew study differs from ours in
many ways. Their unexpected finding of a ncutral or
compensatory effect of exercise may be due to an
interaction of testing order with treatments—the
same 8 subjects were run through all three treat-
ments. This crossover design assumes there is no
interaction of carryover cffects with treatment.
Webb's explanation (personal comments) is quite
different. He reports that by the second night of
sleep loss his subjects looked forward to the Exer-
cise session as a means of rousing themselves.

Napping during a Vigil

Taub and Berger (1974a, 1974b) have presented
convincing cevidence that many changes in the usval
monophasic slecp pattern are deleterious. Qur cycle
(60-min slecp-—160-min wake) certainly fragments
sleep. and, attimes, is directly opposed to the circa-
dian temperature cycle. Nevertheless, the 60-min
Nap sessions were beneficial, except for immediate
recal!l and reported sleepiness.

A recent study by Carskadon and Dement (1975)
uscd the Stanford Sleepiness Scale. Five subjects
were placed on a 30-min sleep—60-min wake regi-
men for 5 days. There was a significant increase in
reported slecpiness on the first nap day, but the
slecpiness measure actually decrcased almost to
bascline over the next 4 days. This confirms our
finding that napping during the first day does not
alleviate feelings of drowsiness.

The sleep of our Nap subjects on the first recovery
night gives no hint of sleep loss. If anything, they
took longer to fall asleep (time from lights-out to the
first Stage 2) than they did on the baseline night, and
there are no significantchanges in Stages 3-4, Stage
REM, or Stage 2. But the Carskadon and Dement
subjects showed the typical signs of sleep loss: large
increases in Stages 3-4 with decreases in Stages |,
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2, and REM. Presumably. the shortened sleep of
our subjects (about 3.7-hrs per 24 hrs? did not cut
significantly into their safety margin, whereas 5
days of napping (with about 5.0-hrs of sleep per
24-hrs) wiped out the sleep reserve for the
Carskadon-Dement subjects. even though some
adaptation to reduced sleep took place.

Conclusions

Our results do not suppart the forced-rest theory

EXERCISE, BEDREST, AND NAPS 339

of sleep function. As in the Webb-Agnew study,
bedrest did not take the place of sleep. Jne-hr naps
every 220-min did neutralize the loss of normal
nocturnal sieep excepl for the immed at: recall of
word lists and complaints of sleepiness. Contrary
to the Webb-Agnew reported results, ¢ ercise dur-
ing sleep loss increased impairment on a.l measures,
the hardest hit being accuracy of addition, immeduate
recall, and sleepiness.
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on a 60-min treatment—160-min testing schedule for 40 consecutive hours.

Ten subjects bicycled, 20 subjects controlled EEG activity during bedrest,

and oral temperature were obtained. The Bedrest group showed significant
impairment on all eight measures, and thus,
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normal nocturnal sleep and maintained

and 10 subjects napped. Eight measures of addition, auditory vigilance, mood,

gave no support to the forced rest
theory of sleep function. The Exercise group was worse than the Nap and ——
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SBedrest groups for all measures.
(about 3.7 hours per 24 hours),
The results suggest

the measures.

In spite of fragmented, reduced sleep
the Nap group had no impairment on six of
that exercise increases the impairment

due to sleep loss, and naps reduce or remove this impairment, Bedrest is
not a substitute for sleep. ¥\
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