Physiological Psychology
1976, Vol. 4 (4), 412-420

Effects of acute sleep pattern alteration
depend upon sleep duration
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The magnitude of the differences in performance, body temperature, and sleep stages following
reduced, habitual, extended, and shifted sleep was compared in two groups of 10 healthy male
university students who regularly slept nocturnally for 7-8 h or for 9.5-10.5 h. Measurements were
obtained of sublingual temperature and from a 45-min Wilkinson auditory vigilance task 30 min
after awakening in the morning, at midday, and in the evening following five electro-
encephalographically recorded nights of sleep. The experimental treatments comprised a habitual
sleep condition and four conditions in which the regular sleep period was lengthened, reduced,
delayed, and advanced by 3 h. After all sleep conditions, the long sleepers compared with the control
(7-8-h) group had a higher daily level of body temperature, less misses on the vigilance task, and
shorter reaction times. As a result of the mean difference in total sleep time existing between groups,
under all conditions the control subjects averaged less stage 2 and stage REM sleep, but more
stage 4. Previous studies have shown that a 3-h advance or delay and a 3-h extension or reduction
of established 7-8 h and 9.5-10.5-h sleep periods all result in generally equivalent degrees of impaired
performance. The present findings indicate that 7-8 h sleepers were more impaired by acute

alterations in the length and timing of sleep than habitual long sleepers.

The importance of obtaining an adequate amount of
sleep and of maintaining a stable sleep-wakefulness cycle
has been demonstrated by the findings of many recent
studies (cf. review by Johnson & Naitoh, Note 1). A
situation of practical application which has recently
been considered is the partial loss of sleep for one or
more nights. In such studies, sleep has been restricted to
3 h per day over 8 days (Webb & Agnew, 1965);to 5.5h
for 60 days (Webb & Agnew, 1974b); fractionated into
three 80-min periods throughout the 24-h period for
4 days (Hartley, 1974); reduced to 0, 1, 2, 3,4,0r 5 h
over 2 days (Wilkinson, 1969, 1970; Wilkinson,
Edwards, & Haines, 1966); or 7.5, 6, or 4 h were permit-
ted for 4 consecutive days (Hamilton, Wilkinson, &
Edwards, 1972, pp. 101-112). The effects of partial
sleep loss have been found to be less than total sleep
loss, and the magnitude of the adverse effect depends
generally on the amount of sleep lost (Hamilton et al.,
1972; Wilkinson, 1969). Losing 5.5 h of a single night’s
sleep caused subjects to miss more signals in an auditory
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signal detection task than did no sleep loss. Likewise,
losing all of a night’s sleep is worse than losing 5.5 h
(Wilkinson, 1969).

Performance on vigilance and psychomotor tasks was
as severely affected by extending sleep beyond habitual
amounts in regular 7-8-h sleepers (Taub & Berger, 1969;
Taub, Globus, Phoebus, & Drury, 1971) as is typically
observed following partial or total sleep deprivation
(Hamilton et al., 1972; Wilkinson, 1969; Wilkinson
et al.,, 1966). Findings of studies in which the sleep of
normal subjects has been extended (Taub et al., 1971;
Verdone, 1968; Webb & Agnew, 1974a, 1975b) indicate
that the electrophysiological pattern of excess sleep is
quite similar to the terminal portion of regular sleep.
Thus, it is rather surprising that impaired behavior
would result from extra sleep. In these studies, however,
the sleep extension was imposed for only 1-3 days, so
it is likely that extra sleep per se was not the single
factor causing impaired behavior, but rather the acute
effect of disrupting an adapted sleep-wakefulness routine
(Taub & Berger, 1973, 1974a, 1976a). The detrimental
effects of lengthening or shortening sleep might be
partially due to disruption of an established circadian
thythm of sleep and wakefulness, since changes in sleep
duration necessarily involve alterations in times of sleep
onset or awakening.

The regular temporal placement of sleep might,
therefore, be equally important to any fixed amount of
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sleeping time for peak behavioral efficiency. In a
previous study, we observed that performance and
subjectively assessed mood declined during the day
following acute 2-4-h advances and delays in the times
when regular 12-8:00 a.m. sleepers were allotted their
usual 7-8 h of sleep (Taub & Berger, 1974a). As an
extension of that experiment, the relative effects of
extended sleep (9 p.m.-8 a.m.), reduced sleep (3-8 a.m.),
and shifts of accustomed sleep (12-8 a.m.) time on
subsequent performance and mood were examined
(Taub & Berger, 1973). Under the two conditions of
shifting the subjects’ habitual sleep in the circadian
rhythm, the times allowed for sleep were 3-11 a.m. and
9 p.m.-5 a.m. such that times of retiring corresponded
with either the extended sleep (9 p.m.) or reduced sleep
(3 am.) treatments. This enabled the magnitude
of differences between the effects of sleep length
manipulation and shift of habitual sleep time to be
compared. Lengthening or reducing sleep by 3 h caused
behavioral deficits equivalent to advancing or delaying
the regular sleep period by 3 h.

Results from a more recent experiment (Taub &
Berger, 1976a) indicated that a 3-h advance or delay and
a 3-h extension or reduction of an accustomed
9.5-10.5-h sleep period had similarly detrimental effects
on perceptual-motor performance and subjectively
assessed arousal as was previously observed following
alterations in the length and timing of established
7-8-h sleep patterns. These findings imply that mainten-
ance of accustomed sleep patterns is equal or greater in
importance for the integrity of most waking functions
than obtaining some invariant amount of sleep. The
findings are, however, based upon acute sleep pattern
variations, and it is unknown whether the effects of
altering sleep pattern conditions would be similar as a
function of individual differences in sleep behavior.
Furthermore, before arriving at definitive conclusions on
the relative importance of length and timing with regard
to the human sleep requirement, the behavioral conse-
quences of chronic sleep characteristics must be investi-
gated.

In relation to sleep length, it would be both practi-
cally and theoretically significant to learn whether
persons with characteristically different sleep duration
patterns differed from each other behaviorally. If so,
this would indicate the importance of obtaining a
particular quota of sleep. On the other hand, if the null
hypothesis of no behavioral differences was supported,
perhaps this would suggest that sleep duration per se
is relatively unimportant in relation to the maintenance
of waking functions. A striking aspect of sleep length in
a sample of a population at any age is the wide and
consistent  individual differences (Webb, 1971,
pp. 149-176, 1972, pp. 31-46). Individual differences in
total sleep times are likely to be of operational conse-
quence when time for sleep is limited (Johnson &
Naitoh, Note 1). In few partial sleep loss studies, how-
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ever, has emphasis been placed on the large individual
differences in the extent to which lack of sleep impairs
performance (Wilkinson, 1961, 1970). For example,
Williams and Williams (1966) have reported that the
basic profile of nocturnal sleep psychophysiology was a
valid predictor of the response to sleep loss. Restless
sleepers with less Stage 4 sleep showed greater sleep-loss
decrement following 64 h without sleep than did a quiet-
sleep group. There is also evidence that would indicate
a source of individuality in the capacity to sustain
desynchronization of circadian rhythms (Lund, 1974)
such as sleep-wakefulness.

It would be useful to define the maximum alteration in
the length and timing of sleep (relative to the social norm)
that can be sustained (cf. Hamilton et al., 1972, p. 101).
But individual differences in sleep requirements will
clearly render it difficult to substantiate this in the
normal way. For the design of partial sleep loss experi-
ments, Hamilton et al. (1972) proposed a deprivation
ration calculated on the individual’s normal sleep require-
ment as a solution to the problem. Acute sleep reduc-
tion, extended sleep, and phase shifts in sleep have
been shown to produce deleterious behavioral effects
(Taub & Berger, 1973, 1974b, pp. 571-574, 1976b). The
purpose of the present study was to compare the magni-
tude of differences produced by effects of shifting sleep
time and altering sleep duration between long sleepers and
regular 7-8-h sleepers studied previously under identical
experimental designs (Taub & Berger, 1973, 1976a).

METHOD

Subjects

Two groups of 10 male university students were selected as
subjects. The subjects were initially screened with a modified
version of the (CMI) Cornell Medical Index (Brodman, Erdmann,
& Wolff, 1956) and were considered for further study only if
their responses to this inventory were not indicative of disturbed
sleep, medical problems, psychiatric disorders, and frequent
alcohol or other drug usage. Subjects selected at this stage in
the screening procedure reported having consistently slept from
12-8:00 a.m. for 7-8 h or for 9.5 h or more over at least an
immediately preceding period of 2 years.

Sleep charts were mailed to the remaining subjects with
instructions to record for 2 weeks each 30-min period during
which they were asleep. Subjects were eliminated if greater than
a 1-h discrepancy existed between their CMI estimate of sleep
and their charted sleep during the 2 weeks. The charts of
subjects considered acceptable showed that they usually retired
at a habitual time and had 7-8 h or 9.5-10.5 h of uninterrupted
sleep nightly with no evidence of unusual fluctuations or
daytime naps. Finally, subjects were administered the MMPI and,
in accordance with previously adopted criteria (Hartmann,
Baekeland, & Zwilling, 1972; Taub & Berger, 1973), those
who scored 2 SDs above normal on any MMPI scale except
Mf ([since elevated Mf (masculine-feminine) scales are now
exceedingly common among young male university students]
were rejected.

These procedures yielded 45 7-8-h sleepers and 17 long
sleepers, from which the two groups of 10 subjects were random-
ly selected. Their ages ranged from 18 to 25 years and were
similar in each group. The subjects all had a similar daily routine
and none reported recent illness,
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Measurement of Performance

A 45-min Wilkinson (1970) auditory vigilance task was used
as a measure of performance. Auditory vigilance has proven to
be an aspect of behavior especially sensitive to moderate manipu-
lation in sleep/waking patterns (Hamilton et al., 1972; Taub &
Berger, 1973, 1974a, 1976b; Wilkinson, 1969). Vigilance is a
task that also shows decrement over time under normal condi-
tions of wakefulness (Broadbent, 1971; Davies & Tune, 1970;
Deaton, Tobias, & Wilkinson, 1971; Mackworth, 1969, 1970).

During testing, the subjects sat in a sound-attenuated cubicle
and were presented the task binaurally through headphones. The
auditory stimuli were ¥%:-sec tones occurring at 2-sec intervals over
85 dB (SPL) ambient white noise. Thirty tones were slightly
shorter than the others (3/8 sec) and it was the subject’s task to
press a telegraph key immediately whenever he detected a short
(critical) signal. The subjects’ reaction times to the critical
signals were recorded in 1-msec units by a timer (Walker &
Nichparenko, 1972). The critical signals occurred at irregular
intervals such that they seemed random to the subjects. Ten
different audiotapes were used so that the order of signals
remained unpredictable to the subjects throughout the experi-
ment. The measures of performance used were the number
of signals missed (misses) and incorrectly detected (false
reports).

About 2-10 days before the experiment, the subjects prac-
ticed the task twice with at least 24 h intervening befween the
two sessions. During the first practice session, a 20-min instruc-
tion tape explained the vigilance task and provided practice.
A 45-min test was then presented, preceded by a 3-min familiar-
ization period during which the signals occurred frequently to
remind the subjects of their perceptual characteristics. The
second practice session consisted of another vigilance test tape.

Design

The experiment comprised five nights of sleep and an adapta-
tion night of the subject’s habitual 7-8-h or 9.5-10.5-h sleeping
period preceded it by a week. The sleep treatments were present-
ed in a 10 by § balanced incomplete block design and separated
by a week to allow recovery from each. The five experimental
treatments were as follows: habitual sleep; two conditions, one
in which the sleep period was extended and another in which it
was reduced by 3 h; and two conditions, one in which the usual
sleep period was advanced and another in which it was delayed
by 3 h.

The independent variables of sleep duration, retiring time,
and awakening in the five conditions are depicted in Table 1.
In the habitual condition, the subjects were allowed 7-8 h or
9.5-10.5 h of sleep at their accustomed hours. Under the extend-
ed sleep condition, the subjects accumulated extra sleep by

retiring 3 h earlier than usual. In the sleep reduction condition,
the subjects were required to remain awake 3 h later than usual.
Time of retiring in the delayed-shift condition was the same as
for sleep reduction, but subjects were awakened 3 h later; in the
advanced-shift condition, it corresponded to that in the extend-
ed sleep condition, but subjects were awakened 3 h earlier. In
both shifted-sleep conditions, the subjects were thereby allotted
their usual amount of sleep. Testing times were scheduled
relative to subjects’ habitual sleep patterns as follows: (a) after
awakening, (b) before lunch, at midday, and (c) in the early
evening.

Procedure

The subjects were instructed not to nap or to drink caffein-
ated beverages, but to maintain their usual physical activity and
food and fluid intake throughout the experiment. They were
told that the study concerned the relationship between sleep and
personality functioning. The subjects reported to the laboratory
between 6 and 6:30 p.m., and sat in bed reading magazines or
books with all external time cues eliminated, including daylight,
chronometers, and radios, until after postsleep testing. This was
done in order to equate energy expenditures during waking and
sleeping as closely as possible.

Electrodes were placed for recording electroencephalographic
(EEG), electromyographic, and electrooculographic activity
during all conditions, and the records were scored for sleep
stages by 30-sec epochs according to standard procedures
(Rechtschaffen & Kales, 1968). The first sleep spindle was used
to identify sleep onset (cf. Agnew & Webb, 1972; Johnson,
1973; Snyder & Scott, 1972, pp. 645-708). Recordings from the
habitual, advanced-, and delayed-shift sleep conditions were
coded and scored blind with respect to treatment. Sleep records
from the extended and reduced sleep conditions differed
markedly in duration so that a blind scoring procedure was not
feasible. Upon awakening, the subjects were served 120 ml of
fruit juice as a partial nutritional control for blood sugar level.

Thirty minutes later, they were given the vigilance task,
which was administered again in similar order the same day
before lunch and in the early evening. Sublingual temperature
was recorded by clinical thermometer for 5 min at the end of
each testing session. There were no cues present in the experi-
mental setting or from the experimenter to inform subjects
about their performance.

RESULTS

One-way ANOVAs were computed to determine the
overall magnitude of the differences following the

Table 1
Independent Variables of Retiring and Awakening Times in the Habitual, Reduced, Extended, and Shifted Sleep Conditions
for the Two Subject Groups

Independent Reduced Delayed Habitual Advanced Extended
Variables Sleep Shift (H) Shift Sleep
7-8-h Group
Sleep duration 5h 8h 8h 8h 11h
Retiring time 3:00 a.m. 3:00 a.m. 12:00 a.m. 9:00 p.m. 9:00 p.m.
Awakening time 8:00 a.m. 11:00 a.m. 8:00 a.m. 5:00 a.m. 8:00 a.m.
9.5-10.5-h Group
Sleep duration 6.5-7.5h 9.5-10.5h 9.5-10.5h 9.5-10.5_ h 12.5-1 3_.5 h
Retiring time 3 h later 3 h later 3 h earlier 3 h earlier
than H than H than H than H
Awakening time Same as H 3 h later 3 h earlier Same as H
than H than H
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Figure 1. Misses on the vigilance task after nights of habitual,
reduced, extended, and shifted sleep.

reduced, habitual, extended, and shifted sleep conditions
between the 7-8-h and 9.5-10.5-h subject groups on
body temperature, performance, and sleep staging. All F
ratios were based upon 1 and 18 df.

Performance and Body Temperature

Following the procedure adopted in previous studies
(Hamilton et al,, 1972; Taub & Berger, 1974b;
Wilkinson, 1969, 1970; Wilkinson et al., 1966),
performance and body temperature were averaged
from the three testing sessions. Differences in mean
levels of these variables throughout the day between
the two groups were then compared. The mean
daily levels of speed and accuracy on the vigilance task
and body temperature following the five sleep condi-
tions differed in the two subject groups. These differ-
ences between the habitual long sleepers and control
group in body temperature and performance were
statistically significant.!

Figure 1 shows the mean number of misses for each
sleep condition and the two subject groups. Misses were
less after all sleep conditions for the long sleepers
compared with the control group (F =9.55, p < .01).
There were no significant between-group differences
evident for false reports. With low levels of false alarm
rate, the measure is rather unreliable and has a large
within-subjects variance (cf. Hamilton et al., 1972).
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Mean reaction time to critical signals on the vigilance
task for each sleep condition and the two groups is
shown in Figure 2. It can be seen that after all sleep
conditions, long sleepers had shorter reaction times than
the controls (F = 7.89, p <.025).

Figure 3 shows that the trend of oral temperature
closely paralleled that of performance. In the long
sleepers, the mean daily value of body temperature
following sleep was higher than for the 7-8-h group,
(F =12.60, p < .005).

Sleep Variables

The long sleepers differed significantly from the
control group in total time slept (F = 39.94, p < .001)
(Figure 4). Total sleep time which did not differ signifi-
cantly between the advanced-shift, delayed-shift, or
habitual sleep conditions averaged 9 h for the long
sleepers and 7 h for the control group. In the reduced
sleep condition, the long sleepers averaged 6.2 h and
the control subjects averaged 4.8 h. On nights of extend-
ed sleep, the mean total sleep time for long sleepers was
11.3 h and for the control group 9.3 h.

Sleep stages in the various conditions for the long
sleepers and control subjects are presented in Figure 5.
The principal differences in sleep patterns between
groups were in Stage 2, Stage 4, and REM sleep. The
long sleepers had greater absolute amounts of Stage 2
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Figure 2. Reaction time to signals on the vigilance task after
nights of habitual, reduced, extended, and shifted sleep.
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Figure 3. Mean daily level of sublingual temperature after
nights of habitual, reduced, extended, and shifted sleep.

SLEEP

(F = 44.36, p < .001), more REM sleep (F = 15.52,
p < .001), but less Stage 4 (F = 7.95, p < .025).2
Stages 1 and 3 were almost equal between groups.

DISCUSSION

Previous studies have shown (Taub & Berger, 1973,
1974a, b, 1976a, b) that a 3-h advance or delay and a 3-
3-h extension or reduction of established 7-8-h and
9.5-10.5-h sleep periods all result in generally equivalent
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Figure 4. Total time spent asleep during nights of habitual,
reduced, extended, and shifted sleep.

degrees of impaired performance. The present findings
further indicate that 7-8-h sleepers were more impaired
by acute alterations in the length and timing of sleep
than habitual long sleepers. These subjects, selected on
the basis of naturally occurring 7-8-h and 9.5-10.5-h
sleep patterns, also showed evident differences in behav-
ioral efficiency even following baseline or habitual
sleep and in EEG sleep stage characteristics, as well.
Correspondingly, by the statistical analysis of baseline
nocturnal EEG profiles, Williams and Williams (1966)
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identified two groups of subjects (restless and quiet)
who differed in their performance efficiency under acute
sleep deprivation. Restless sleepers with delayed sleep
onset, reduced slow-wave sleep, frequent waking,
frequent body movements, and frequent transition from
stage to stage showed greatest sleep-loss decrement. Both
the amount and type of sleep a subject characteristically
has appear to be significant determinants of the response
to alterations in the length and timing of sleep.

Daily levels in performance have not been previously
compared between individuals who sleep different
amounts, as in the present study. Hartmann, Baekeland,
Zwilling, and Hoy (1971), did, however, compare the
performance of long and short sleepers on a 30-min
Wilkinson (1970) vigilance task for 6 consecutive nights
after their normal length of sleep. No significant differ-
ences were observed between groups, and since this
task is especially sensitive to sleep loss, it was concluded
(Hartmann et al., 1971) that the short sleepers had not
become sleep-deprived during successive nights in the
laboratory. Marked daily variations are exhibited in
perception, biochemistry, and physiology (Luce, 1971),
and in the instance of vigilance, values vary so greatly
throughout the day (Colquhoun, 1971, pp. 39-108;
Hockey & Colquhoun, 1972, pp. 1-24) that data obtain-
ed at a single time point are difficult to interpret (see,
e.g., Nichols & Tyler, 1967). Of course, it may well be
that habitual long and short sleepers do not differ in
performance efficiency and that performance decre-
ments are only present in studies where sleep durations
are acutely shifted from the habitual amount. The differ-
ence in performance between natural long sleepers and
7-8-h sleepers of the present study must be subtle,
for it was even observed following baseline sleep.

Body temperature and sensorimotor performance
were lower in the control subjects than in the long sleep-
ers. These same physiological and behavioral measures
which differentiated subject groups as a function of
sleep duration are also sensitive indicators of sleep
deprivation. There is an overall decrease during a period
of sleep loss in body temperature (Johnson, Slye, &
Dement, 1965; Kleitman & Jackson, 1950; Kollar,
Pasnau, Rubin, Naitoh, Slater, & Kales, 1969; Murray,
Williams, & Lubin, 1958; Naitoh, Pasnau, & Kollar,
1971), and in performance on prolonged auditory vigil-
ance (Lubin, Moses, Johnson, & Naitoh, 1974; Wilkin-
son, 1969) and reaction time (Bohlin & Kjellberg, 1973;
Lisper & Kjellberg, 1972). Body temperature is regarded
(Colquhoun, 1971; Hockey & Colquhoun, 1972) as a
comprehensive index of organismic arousal and corre-
lates closely with psychomotor performance (Blake,
1967; Bohlin & Kjellberg, 1973; Schubert, 1969). Corre-
spondingly, physiological indicators such as blood
pressure, heart rate, oral temperature, and performance
all tend to show a similar pattern of decline with sleep
loss (see, e.g., Saito, 1972). The present results demon-
strated that performance measures and body tempera-
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ture differed between groups in a consistent way.
Therefore, it could be postulated that this pattern is
evidence of a decrease in activation (Ax & Luby, 1961;
Corcoran, 1964) attributable to chronic subclinical
sleep deprivation in the 7-8-h control subjects (see, e.g.,
Webb & Agnew, 1975a).

Aserinsky (1973) computed a ratio to statistically
represent the maximal sleep which can be accumulated
by a person in 24 h without diminishing the amount
obtainable in a subsequent 24-h period. The values he
derived, based upon continuous electrophysiological
recordings of subjects who attempted sleeping to fullest
capacity for 54 h, ranged from 8.4 h to 11.8 h and
compare remarkably with the lowest value for the long
sleepers of 8.5 h in the habitual condition to 11.8 h,
the most sleep accumulated during the extended condi-
tion. The concentration of eye movements during REM
periods, which has been construed (Aserinsky, 1969) as
an index of sleep satiety, approaches a maximum value
with 7.5-h-10.5-h sleep. If REM density is accepted as
reflecting the satisfaction of a sleep need, then for
subjects in the control group whose habitual sleep
averaged slightly above 7 h, sleep satiety was probably
not achieved as a normal condition.

For the long sleepers, in the habitual condition,
mean values for total sleep time and Sleep Stages 1,
REM, and 2 are very close to those presented by Webb
and Agnew (1970) in a normative study of high school
seniors, who characteristically slept 8.5 h or more. The
results further demonstrate that sleep duration is a
factor operative in influencing sleep psysiology (Agnew
& Webb, 1973; Aserinsky, 1973; Verdone, 1968; Webb,
1973b, pp. 256-258), whereby Stage REM is concentrat-
ed in the later phase of the sleep period and Stage 2 is
essentially linearly distributed across the night (Webb
& Agnew, 1975a). As a result of the differences in total
sleep time existing between groups, control subjects
averaged less Stage 2 and Stage REM.

One could contend that there were behavioral deficits
in the control group attributable to selective (e.g., REM)
sleep deprivation which raises the question as to whether
each of these sleep stages serves a unique restorative
function. Present evidence (cf. reviews by Johnson,
1973; Webb, 1973a, pp. 176-184) indicates that the
amount of sleep (Wilkinson, 1969) is more crucial than
the specific stage of sleep for maintaining waking func-
tions (Johnson, 1973; Johnson, Naitoh, Lubin, & Moses,
1972, pp. 81-100; Johnson, Naitoh, Moses, & Lubin,
1974; Lubin et al., 1974; Moses, Johnson, Naitoh, &
Lubin, 1975). For example, patients on phenelzine, a
monoamine oxidase inhibitor, and without REM sleep
(Akindele, Evans, & Oswald, 1970; Wyatt, Fram, Buch-
binder, & Snyder, 1971), persons without Stage 4
(Natani, Shurley, Pierce, & Brooks, 1970), and those
above age 40 who have decreased amounts of Stage 4
(Feinberg, 1974; Feinberg & Carlson, 1968; Webb &
Agnew, 1969) all appear to function quite effectively
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(cf. Johnson et al., 1974). Subjects deprived of Stage 4
or REM sleep during 8 h of recovery sleep following
complete sleep loss (Lubin et al., 1974) showed no
significant difference on vigilance or memory tasks
and measures of mood. It would therefore appear quite
plausible to assume that relatively less efficiency in the
7-8-h control group was a general consequence of
reduced total sleep time per se.

The EEG recordings of the long sleepers contained an
amount of Stage 4 significantly below that in the control
group, being also somewhat lower than generally report-
ed values. Stage 4 was entirely absent in 5 of the nights
involving two of these subjects and varied considerably
between subjects, as indicated by the large standard
deviations. The mean number of minutes of Stage 4
observed in the present study for the long sleepers
over all conditions averaged almost 30 min less than
the corresponding value for the control group and 54
min less compared with the reported value in younger
subjects not as extreme in their patterns of long sleep
(Webb & Agnew, 1970). The wide variability for report-
ed values of Stage 4 (Clausen, Sersen, & Lidsky, 1974)
and the large ranges at all age groups quite possibly
reflect as yet undelineated factors that fluctuate with
age and among individuals (Webb & Agnew, 1971). The
quantities of Stage 4 in the long sleepers remained
constant across nights, so that it is likely to have repre-
sented a stable trait of the subjects (cf. Clausen et al.,
1974).

CONCLUSION

Differences in the susceptibility of subjects to
performance decrement after acute sleep reduction,
extended sleep, and sleep cycle phase shifts have been
demonstrated. These findings emphasize the importance
of controlling for individual differences in sleep patterns
even when evaluating the effects of comparatively
moderate perturbations in the sleep-wakefulness cycle. If
it is known that altered sleep duration or sleep period
time displacements are inevitable, from the present
findings, at least, it could be predicted that natural long
sleepers will perform more effectively than 7-8-h sleep-
ers. Supportive evidence across an experimental
paradigm comprising studies of characteristically long
sleepers (Taub & Berger, 1976a, b) and regular 7-8-h
sleepers (Taub & Berger, 1973) has shown that generally
similar behavioral deficits resulted from shifting sleep
and altering sleep length within each subject group.
Furthermore, even with a mean total sleep time of
4.65 h separating sleep reduction and extension condi-
tions in both experiments, few substantially different
effects on subsequent waking behavior were observed.
The findings of similar effects resulting from shifting
sleep and altering sleep length within groups of subjects
is not consistent with the differences which have been
shown between the 7-8-h and 9.5-10.5-h sleepers.

Although such differences in performance efficiency
were observed, it is not possible to derive any causative
explanation for the findings. Further experimental
operations to delimit the levels of efficiency associated
with sleep duration might involve the adaptation of
persons to prolonged modifications in sleep patterns
(see, e.g., Webb & Agnew, 1974b) as, for example, a
chronic increase in sleep length for 7-8-h sleepers and/or
chronic limitation in sleep for long sleepers.
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NOTES

1. Al F tests were checked with the Kruskal-Wallis one-way
analysis of variance (Siegel, 1956, pp. 184-193). A result is
reported as statistically significant only when the two tests
agreed.

2. Paralleling results of the overall ANOVAs were significant
differences at the .05 level or better following the individual
sleep conditions between groups on body temperature, perform-
ance, and the sleep measures using two-tailed values of the
Mann-Whitney U-test.
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