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The ability to recall and sing familiar 
songs suggests that the right hemisphere 
plays an equal or greater role in musi- 
cal memory and in the neuromotor 
processes of singing. The increasing 
comprehension of spoken words and 
use of propositional speech were also 
reported in the only two similar cases 
of left hemispherectomy for glioma and 
one for seizures of late onset in adults 
(11). The consistent findings indicate 
that, in addition to comprehension of 
speech, the adult right hemisphere alone 
is capable of more than the automatic 
primitive utterances first described by 
Jackson. 

The ability to discriminate color, 
solve abstract and concrete mathe- 
matical problems, engage in purpose- 
ful movements with the left hand, and 
to perform at a nearly normal level in 
nonlanguage tests of "higher" mental 
functions indicates either that these 
functions are not exclusively or pre- 
dominantly "localized" in the adult 
dominant hemisphere, or that, following 
removal of this hemisphere, the right 
hemisphere has the capacity to amplify 
previously smaller contributions to these 
functions. Although a spastic right 
hemiplegia and right hemianopsia have 
shown no improvement during the first 
6 months following surgery, this case 
indicates that adult man may survive 
the removal of a dominant hemi- 
sphere that has matured normally until 
the development of an otherwise in- 
curable and inevitably fatal glioma. 
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"Dream Deprivation": 

Effects on Dream Content 

Abstract. Dream content elicited fol- 
lowing the selective deprivation of 
rapid-eye-movement sleep was intensi- 
fied compared to that elicited under 
nondeprivation conditions. This effect 
was observed both for repressers and 
for sensitizers, but was significant only 
for repressers. On nondeprivation 
nights, the dream periods of sensitiz- 
ers were shorter and their dreams more 
intense than those of repressers. 

The finding (1) that dreaming is as- 
sociated with a random, low-voltage 
electroencephalogram (EEG) pattern 
(ascending EEG stage 1) in conjunc- 
tion with intermittent bursts of conju- 
gate rapid eye movements (REMs), 
and that this pattern recurs four or five 
times during a typical night's sleep 
(2), has prompted renewed interest in 
the possible functional significance of 
dreaming. Experimental attempts to 
assess the importance of dreaming for 
human subjects have employed a meth- 
od of dream deprivation, in which sub- 
jects are awakened at the onset of each 
episode of ascending stage 1 sleep and 
are thus prevented from experiencing 
the organismic state in which dreaming 
occurs. Early studies employing this 
method found progressively decreasing 
latencies to, the recurrence of dream 
periods on deprivation nights, a com- 
pensatory increase in this stage of sleep 
on uninterrupted recovery nights fol- 
lowing the deprivation treatment, and 
increased anxiety, irritability, and ap- 
petite during the deprivation period. 
These results were interpreted as a 
"buildup of a pressure to dream" (3). 

More recently, however, failure to 
observe the reported behavioral changes 
with human subjects (4, 5) and dem- 
onstration of the sleep-cycle effects of 
dream deprivation in intact and chronic 
pontile cats (6) have led to the inter- 
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stage of sleep with some unknown 
biologic,al significance (7). While it 
may ultimately prove impossible to 
distinguish the effects of the depriva- 
tion of this stage of sleep from the 
effects of dream deprivation, the pres- 
ent study shows that the nature of 
dream content, as well as of the sleep 
cycle, is affected by the selective de- 
privation of ascending EEG stage 1. 
In particular, ithe content of a dream 
elicited following such deprivation is 
intensified as a result of this manipu- 
l1ation. 

Each of twenty male subjects slept 
in quiet, darkened laboratory rooms 
for two nonconsecutiye nights. Ten 
of the subjects were among low scorers 
(repressers, those who react to 
threatening stimuli with avoidance de- 
fenses such as denial) and ten among 
high scorers (sensitizers, those who re- 
act to threatening stimuli with ap- 
proach defenses such as intellectualiza- 
tion) on Byrne's Repression-Sensitiza- 
tion Scale '(8) of the Minnesota Multi- 
phasic Personality Inventory (MMPI). 
The subjects selected represented the 
top and bottom fifth of the distribu- 
tion of test scores of male volunteers 
from an introductory psychology class. 

Continuous EEG and electro-oculo- 
gram (EOG) recordings were taken 
during the night. Electromyogram re- 
cordings were also taken from the sub- 
mental region, as a sharp drop in 
tonus of neck and chin muscles gen- 
erally precedes the onset of ascending 
EEG stage 1 by a minute or so and 
can be used as a signal of such onset 
(5, 9). Ascending EEG stage 1 onset 
was determined by the appearance of a 
random, low-voltage EEG pattern ac- 
companied by rapid eye movements, or 
a sudden drop in submental- muscle 
tonus, or both. On experimental nights, 
the first four REM periods were in- 
terrupted at the first sign of ascending 
stage 1 onset. On control nights, four 
awakenings were made during non- 
REM sleep so as not to interfere 
with the occurrence of REM sleep. The 
fi'fth REM perio'd on experimental 
nights and the third one on control 
nights were allowed to proceed for 
5 minutes, after which awakenings were 
made for retrieval of dream content. 
Half of the repressers and half of the 
sensitizers, selected at random, were 
run in the order experimental-control, 
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the progressive shortening of the pe- 
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riods between "attempts at" REM 
sleep on experimental nights necessitat- 
ed the use of the third, rather than 
the fifth, REM period on control nights 
t,o achieve rough comparability of sleep 
time preceding (and time of night of) 
the content-retrieval awakenings on the 
two nights. Even so, control-night con- 
tent awakenings were almost invariably 
made later in the night and after more 
sleep (68.6 minutes more, on the aver- 
age) than were the comparable ex- 
perimental night awakenings. This situ- 
ation worked against the hypothesis 
of increased dream intensity following 
dream deprivation, since it has been 
shown that dream intensity increases 
over the course of the night (10). 
While the experimental design may 
also seem in some sense to favor the 
hypothesis under test, in that a "later" 
REM period is used on experimental 
than control nights (fifth versus third), 
it should be noted that experimental- 
night content awakenings were elicited 
from the first sustained episode of 
REM sleep on that night, the other 
four REM periods having been termi- 
nated by an awakening at the first 
sign of their onset. Initial control-night 
REM episodes, on the other hand, 
were uninterrupted, and the control- 
night content awakenings were thus 
made during the third sustained epi- 
sode of REM sleep on that night. 

On deprivation and pseudo-depriva- 
tion awakenings, the light was turned 
on in the subject's room, and the ex- 
perimenter entered and took readings 
of strength of grip from a dynamometer 
which the subject was to squeeze four 
times from a prone position. Subjects 
had been told that the purpose of the 
study was the investigation of associa- 
tions among stage of sleep, strength 
of grip, and mental content, and were 
thus unaware that the deprivation of 
REM sleep was the actual purpose 
underlying awakenings on which dyna- 
mometer readings were taken on ex- 
perimental nights. 

That the experimental-night awaken- 
ings produced a deprivation effect on 
the sleep cycle is evident in the briefer 
intervals of non-REM sleep between 
the onset of REM episodes on experi- 
mental than on control nights (Table 
1). The dynamometer technique of 
producing complete arousal rules out 
the possibility that such results reflect 
incomplete arousal rather than the ef- 
fects of selective sleep deprivation. 

The dreamlike fantasy (Df) scale 
of Foulkes, Spear, and Symonds (11) 
9 SEPTEMBER 1966 

Table 1. Effect of deprivation awakenings on 
length of inter-REM intervals. The intervals 
are measured in minutes. 

Inter-REM intervals 
Inter- Inter- Inter- Inter- Inter- 

val val val val val 
0-1 1-2 2-3 3-4 4-5 

Experimental night 
91.85 60.85 18.15 21.45 19.22 

Control night 
90.05 80.35 66.11 

Probability 
n.s.* .005 .001 

: Not significant. 

was used in all analyses of the con- 
tent-awakening interviews. This is an 
eight-point scale with a value of 0 as- 
signed to "No recall, feels mind was 
blank," and a value of 7 assigned to 
"Recall of content which was percep- 
tual, hallucinatory, and bizarre." Two 
judges, both completely naive with re- 
spect to subject or treatment variables, 
rated the dream reports with high 
agreement (reliabilities of .88 and .95, 
respectively, for experimental- and con- 
trol-night reports). Two-rater averages 
were used in all analyses of Df ratings. 

The effects of deprivation awaken- 
ings on dream content are summarized 
in Table 2. Considering all subjects, it 
is evident that dreams were more 
intense on experimental nights than on 
control nights. This intensification of 
the dreaming process was observed for 
12 of the 16 subjects who had dif- 
ferent Df scores on experimental and 
*control nights and was statistically 
significant (12). Four subjects 
showed no change in Df ratings from 
control to experimental nights, and four 
a decrease in dream intensity following 
deprivation. Although an equal num- 
ber (six) of repressers and sensitizers 
had higher Df scores on the experi- 
mental night than on the control night, 
the deprivation effects were significant 
only for repressers, whose experimental- 

Table 2. Effect of deprivation awakenings on 
dream content as rated on the 8-point dream- 
like fantasy scale (Df ratings of 0 to 7). R, 
repressers; S, sensitizers; E, experimental; C, 
control; p, probability. 

Repress- Sensitiz- p All 
ers ers (R vs. S) jecb 

Both nights 
5.60 5.78 .10 5.69 

Experimental night 
6.50 6.10 n.s.* 6.30 

Control night 
4.70 5.45 .06 5.08 

E vs. C(p) 
.05 n.s.* .025 

* Not significant. 

versus control-night mean difference in 
Df ratings was roughly three times as 
large as that for sensitizers. 

Examination of the EOG patterns 
during REM periods preceding con- 
tent-retrieval awakenings further re- 
vealed that a larger percentage of 
2?2-second intervals of such periods 
contained one or more eye move- 
ments on experimental nights than on 
control nights (28.3 percent versus 
21.7 percent, respectively, p<.025). 
This effect also was significant for re- 
pressers (25.3 percent on experimen- 
tal nights versus 18.5 percent on con- 
trol nights, p<.025) but not for sen- 
sitizers (31.3 percent on experimental 
nights versus 24.9 percent on control 
nights; difference not significant). The 
close correspondence between differ- 
ences in prewakening eye movement 
frequency and differences in the inten- 
sity of subsequently reported dreams 
parallels earlier findings that active 
dreams are preceded by more eye 
movement than are passive ones (13). 

Our sensitizer subjects scored high 
on MMPI pathology scales (for ex- 
ample, an average score three standard 
deviations above the general popula- 
tion mean on the MMPI schizophrenia 
scale), while the repressers had essen- 
tially normal MMPI profiles. The 
sensitizers had, in the absence of the 
deprivation treatment, more intense 
dream content than did the repressers 
-a duplication of Foulkes and Recht- 
schaffen's (14) observation that high 
MMPI-scoring subjects have dreams 
of greater intensity than do more nor- 
mal subjects. Sensitizers also had, in 
the absence of deprivation, briefer 
REM periods than did repressers (mean 
summed control-night REM time for 
the first two REM periods was 45.6 
minutes for repressers and 33.0 min- 
utes for sensitizers, p<.025)-a dupli- 
cation of Monroe's (15) observation 
that high MMPI-scoring subjects have 
briefer REM periods than do more 
normal subjects. These two results pro- 
vide an additional strand of evidence 
in support of the hypothesis that les- 
sened amounts of dreaming are as- 
sociated with !an intensification of the 
dreaming, process. 

These results suggest that the term 
"dream deprivation," as more clinical- 
ly oriented investigators have suspected 
all along (16), may still have some 
validity. Interference with the stage of 
sleep in which dreaming occurs, either 
by experimental manipulation or by 
spontaneously generated reductions in 
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REM sleep, does seem to increase sub- 
sequent dream intensity, that is, the 
selective deprivation of ascending EEG 
stage 1 has immediate experiential, as 
well as the heretofore observed sleep- 
cycle, effects. 

These results are also consonant 
with the Freudian conception of dream- 
ing as a safety valve, which played a 
large role in earlier interpretations of 
the effects of dream deprivation. The 
dream content of sensitizers, whose 
safety valve is somehow always par- 
tially capped, and that of repressers 
under the capping effects of ex- 
perimental deprivation, both exhibit 
intensification. In general, our results 
seem to indicate that the less a person 
dreams, the more intense are his 
dreams (17). 

TERRY PIVIK 

DAVID FOULKES 

Departiment of Psychology, 
University of Wyoming, 
Laramie 82071 
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"Copulation-Reward Site" in the 

Posterior Hypothalamus 

Abstract. Posterior hypothalamic self- 
stimulation of male rats, in which mono- 
polar, platinum electrodes had been bi- 
laterally implanted, increased after sys- 
temic injection of testosterone. Con- 
stant stimulation to the same site elic- 
ited immediate copulation with estrous 
female rats. During constant stimula- 
tion, males would press a bar to open 
a door for access to females. Even af- 
ter ejaculation, males continued to open 
the door and to display sexual activity 
until stimulation terminated. Posterior 
hypothalamic stimulation is like normal 
sexual stimulation; it is rewarding, the 
reward varies with the amount of the 
sex hormone, and it elicits motivated 
copulation. 

The reward of self-stimulation of 
the brain has been linked to normal 
appetitive behavior, particularly feed- 
ing. Self-stimulation of the lateral hy- 
pothalamus increases during food de- 
privation (1) and decreases after food 
intake (2). Stimulation of the same site 
elicits voracious feeding (1, 2). Even if 
a learned response is required to ob- 
tain food, the rat responds as soon as 
stimulation begins (3). Thus lateral 
hyplothalamic stimulation not only elic- 
its rewards that vary with food intake 
but it also motivates feeding. 

On the basis of the discovery of a 
"feeding-reward site," we decided to 
look for a "copulation-reward site." 
Olds (4) found that in some areas of 
the brain self-stimulation decreased af- 
ter castration and increased after tes- 
tosterone replacement. Herberg (5) con- 
firmed this for a specific site in the 
posterior hypothalamus where self- 
stimulation elicited ejaculation. If 
somewhere in this posterior region self- 
stimulation is related to mating, in the 
same way that lateral hypothalamic self- 
stimulation is related to feeding, stim- 
ulation should motivate an animal to 
copulate. We have explored this pos- 
sibility and now report the results. 

The subjects were ten sexually ex- 
perienced male Sherman rats with 
monopolar, platinum electrodes (0.023 
cm outside diameter) bilaterally im- 
planted in the posterior hypothalamus 
(6). The implants were made perpen- 
dicular to the skull, 4.5 mm anterior 
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brought into constant behavioral estrus 
by subcutaneous placement of two 26- 
gauge stainless steel tubes coated at 
the tips with estradiol (7). 

The electrical stimulus was a train 
of 100 cy/ sec, monophasic, negative, 
0.1-millisecond square pulses passed 
through an isolation transformer to ex- 
clude direct current and produce a bi- 
phasic wave form. The intensities used 
were between 0.1 and 0.2 ma. All tests 
were conducted in a 46-cm, circular, 
opaque, chamber with a glass floor and 
an underview mirror. For self-stimula- 
tion, a lever was mounted on the 
chamber wall. Each time this lever was 
pressed it triggered a 0.5-second train 
of stimulation. 

Because rats are most likely to be 
sexually active at night, dim red illu- 
mination was used for observation of 
behavior during the dark period of a re- 
verse day-night cycle. Brain stimulation 
tests began a week after the implanta- 
tion of electrodes. The male rat to be 
tested was allowed 30 minutes to be- 
come acclimated to the observation 
cage before a female rat was placed 
in the cage. The male then re- 
ceived continuous brain stimulation in 
3-minute periods alternated with 3- 
minute periods when there was no 
stimulation. Mounts, intromissions, and 
ejaculations were recorded on an event 
recorder. 

In these tests copulation became 
stimulus-bound, that is, the males cop- 
ulated repeatedly when stimulation was 
on but seldom when it was off. 
At the end of one test session the 
male was resting far from the female 
while the stimulus was left off for 12 
minutes; when the stimulus was again 
turned on, the male began copulating 
within 10 seconds (Fig. 1). Even after 
ejaculating, the male remained sexually 
excited, often sniffing, nudging, and, in 
several instances, mounting the female 
until stimulation terminated (Fig. 1). 
The other rats behaved similarly (see 
Fig. 2). 

Unlike copulation elicited from the 
anterior hypothalamus (8), the over- 
all frequency of copulation during stim- 
ulation was not unusually high. The 
striking fact is the extent to which 
stimulation controls copulatory behav- 
ior (Figs. 1 and 2). At the beginning 
of a test session the animals sometimes 
copulated whether stimulated or not, 
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