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INTRODUCTION 

The relationships between sleep and memory have been
commonly described while investigations of learning

during sleep are quite rare. Four different types of paradigm
have been used to uncover the role of REM sleep in the
memorization processes.

1. The Postlearning Sleep Effect on Retention:

Jenkins and Dallenbach (1) carried out the first study in
this field. They found retention to be considerably better
for subjects who slept immediately after learning compared
to subjects who were awake for an equal interval. Since
then, this finding has been replicated (2,3,4). More recent
investigations were aimed at specifying the stage of sleep
that would be responsible for this beneficial effect on
retention. It was found that performances were enhanced if
learning had been followed by a period of REM sleep

instead of another stage of sleep (5,6).

2. The Postlearning REM Sleep Deprivation Studies:

Since REM sleep seems to have a beneficial effect on
retention, it has been proposed that REM sleep deprivation
could produce a detrimental effect. Studies on animals (7,8)
and on humans (9) supported this prediction; moreover,
they suggested that the degree of impairment depended on
task complexity.

3. The Effect of Learning on Subsequent REM Sleep:

As showed by Hennevin and Leconte (7) and by Bloch,
Hennevin and Leconte (10), in rats and cats, acquisition
sessions are followed by an increase of time spent in REM
sleep. This REM sleep increase was correlated with
learning. As a matter of fact, when animals are unable to
learn, they do not present any REM sleep increase.
Moreover, REM sleep duration returns to its normal value
when the learning task has been totally mastered; by
contrast, each new task is followed by a new REM sleep
increase. Thus, the REM sleep increase seems to occur if
and only if a new situation requires a restructuration of the
memory representations. However, the results of similar
studies on humans are more confused and even
contradictory (11,12).

4.The Effects of Postlearning REM Sleep Stimulations
on Retention:

In rats, reticular electrical stimulations, delivered during
postlearning REM sleep, led to performance improvement
(13). In humans, an auditory stimulation, applied during
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postlearning REM sleep, also led to performance
improvement, especially if those stimulations were REMs
contingent (14,15), that is to say, applied during periods at
which central activation was the most intense. 

Thus, by means of these four paradigms, REM sleep has
been shown to play a significant role in the memory
consolidation processes. Consequently, one may wonder if
this sleep stage is also favorable for the acquisition of new
information in humans. 

Only a few studies investigated the possibility of
learning during sleep in general, and during REM sleep in
particular. Many of these studies concerned the learning of
foreign languages. Rubin’s works (16), for example, yielded
some positive results, but a fundamental criticism ought to
be raised against his studies: the lack of electro-
encephalograph (EEG) analysis of the subjects’ sleep.
Hence, the Rubin’s subjects positive results could have
been caused by the fact that they were awake, instead of
asleep, when they were presented the stimuli. 

Simon and Emmons (17) presented question-response
pairs at different levels from wakefulness to deep sleep (the
state of the subjects was controlled by EEG). They found
results on recall and recognition tests to be correlated with
the depth of sleep. The percentage of correct responses
decreased as the amount of alpha waves decreased and
delta appeared, that is as the sleep level deepened.
However, this kind of methodology is subject to another
criticism: the retention material was assessed only by means
of explicit tests of memory. In other words, subjects were
aware of being tested about a material they had learnt
earlier.

Yet, for a few decades, it has been pointed out that
memory can be assessed in implicit ways. In an implicit
memory task, subjects are not instructed to intentionally
recollect the items presented earlier; they are instead given
some apparently unrelated task. The underlying
assumption is that performance in this task is facilitated by
the information acquired during the previous study
episode. In other words, implicit memory is disclosed when
performance on a task is facilitated by a specific learning
episode in the absence of deliberate recollection. 

Wood, Bootzin, Kihlstrom and Schacter (18) performed
the only study that used implicit tasks to examine retention
of words presented during sleep. These authors presented
homophones pairs and category-instance pairs to 19
experimental subjects (during REM sleep or stage 2) and to
12 control subjects (who were awake). Retention was
implicitly assessed by asking the subjects to spell
homophones or to name an instance from a category but no
evidence of implicit memory for verbal material presented
during sleep was observed. 

The present study was aimed to find evidence of
implicit memory during REM sleep using, however, a
slightly different method. Verbal material was presented
during REM sleep only and its retention was assessed by
explicit and implicit memory tests. An implicit perceptual
memory test (word stem completion) was chosen which
enabled to use a priming paradigm and to maintain the
same modality (auditory) between the learning and the test,
since implicit memory seems to be sensitive to a modality
change between these two episodes (19). In a word stem

completion test, subjects are asked to complete stems with
the first words that come to their mind; they are not
required to use the words presented during the learning
episode. The word stem completion test is considered as an
implicit memory test because subjects have to perform a
task which is unrelated to the prior study phase (20). The
aim of the stem completion task was to compare
performance for the words presented before sleeping to
performance for the words presented during REM sleep; we
expected the words presented before sleeping to be used
more often than the words presented during sleep.

The explicit memory test was a recognition task, which
consist in presenting target words among distractors. For
each item, the subjects have to indicate if they recognize the
word or not. The recognition test is considered as an
explicit memory test because the testing procedure requires
the subjects to reflect consciously on a previous learning
episode (21). Performance on the recognition test served as
a control for effective learning. Whether implicit retention
occurred or not, we expected performance for the words
presented before sleeping to be better than performance for
the words presented during REM sleep.

Furthermore, while the subjects were carrying out the
two tasks, their electrodermal activity (EDA) was recorded.
We used this activity as another measure of implicit
memory. EDA is thought to reflect underlying psychological
processes. Indeed, electrodermal changes are an index of
the activation of reticulocortical system and are observed
after a sensory or an emotional stimulation (22). EDA has
already been used successfully in studies with control
subjects, amnesics or prosopagnosics (23,24). Moreover,
the great utility of this tool lies in the fact that changes in
EDA are not available to consciousness. An implicit
memory effect could occur at this psychophysiological level
even if there were no learning effect for both behavioral
tests.

METHODS

Subjects

Ten healthy students (plus an extra one for a pre-test),
aged between 20 and 23 without sleep complaints were
tested. The PSQI (25) was administered to all subjects in
order to detect sleep complaints. The subjects were paid for
their participation to the study and were informed on the
aims. Particularly, they were told that verbal stimuli will be
presented to them before, during and after sleep. 

Learning Material:

One hundred and twenty trisyllabic words have been
selected and divided into sixty word pairs. The two words
of each pair were matched in frequency and began, at the
phonetic form, with the same two first syllables (we
selected word that alliterated because of the requirements
of our implicit memory task: a word stem completion test).
We chose to use word pairs in order to dispose of two
similar categories of words, so that half of the subjects
would be submitted to words from one category and the
other half would be submitted to words from the other
category This precaution enabled us to control for possible
biases in the stimuli construction.
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Furthermore, the sixty word pairs were divided into
three lists of twenty word pairs. Lists A  were presented
before sleeping (half of the subjects were given A1 ,
corresponding to the first category of words, and the other
half A2 , corresponding to the second category ); lists B
( B1  and B2 ) during REM sleep; and lists C  ( C1  and
C2 ) were not presented during a learning episode but

served as distractors for the recognition test and as new
stems  for the word stem completion test.

Sleep

The study was performed at the Sleep Laboratory,
C.H.U. A. V sale, Montigny-le-Tilleul, Belgium. The
subjects spent two consecutive nights in the sleep
laboratory. The first night was an habituation night during
which no material was presented. The second night was the
experimental night. Sleep was recorded according to
standard criteria (26). Three EEG recordings (central,
occipital and parietal leads), two electrooculogram (EOG)
and one chin electromyogram (EMG) were performed.
Scoring of sleep stages were performed following standard
criteria (23).

Procedure

The subjects were submitted to two different lists of 20
words played over loudspeakers, one before sleeping and
the other one during sleep. The words were presented at 3
seconds intervals.

Before Sleep

The first list was presented only once, more or less ten
minutes before sleeping. The subjects were awake, in bed
and listening to the tape, but no EEG recording was made.

During Sleep

The second list was given after ten minutes of the
second and the third periods of REM sleep in order to be
sure that the REM sleep was well installed. If the sleep
record showed any signs of arousal, the tape was
immediately turned off and restarted when the subject had
resumed REM sleep.

After Sleep

The next morning, the subjects had to complete a
questionnaire about the quality of their sleep. Then, they
were connected to a psychogalvanometer which recorded
their skin conductance variations while they were carrying
out two tests: word stem completion followed by
recognition. The choice of this test order was justified by
the following assumption: if the recognition test had been
given before the first, then the word stem completion test
might have displayed a greater priming effect for those
items that would have been recognized previously. 

During the word stem completion test, the subjects
were asked to complete 60 word stems in order to form
trisyllabic words. Among the 60 word stems, 20
corresponded to the 20 words heard before sleeping (list
A ), 20 others corresponded to the 20 words heard during

REM sleep (list B ) and 20 were new (list C ). For every

item, the subjects had 20 seconds to give three completion
possibilities.

For example, if they had previously learn paragraph ,
they could be presented the stem para  and answer
whatever come to their mind including paragraph  of
course.

Our recognition test was made of the 20 words heard
before sleeping mixed up with the 20 words heard during
REM sleep and with 20 distractors. For each item, the
subjects had three seconds to say heard before , heard
during  or not at all . It is rather unusual to give a recognition
test with three answer possibilities. Usually, there are only
two possibilities: the subjects have to say if they recognize
the items or not ( yes  or no ). However, in this case, it
was worth dividing the category recognized  into before
and during . Indeed, some subjects might not remember
having heard a word before sleeping but have a diffuse
recollection, which could justify the during  answer.

While the subjects were carrying out these two tasks,
their skin conductance variations were recorded in order to
know if an implicit memory effect could appear at this
psychophysiological level.

Statistical Analysis

ANOVA analysis was performed with power (the
probability of rejecting the null hypothesis in case of actual
difference) analysis.

RESULTS

The subjects slept quite well (they claimed their sleep
was deep and not much agitated). Nevertheless, they told
us that they did not sleep as well as at home (more
awakenings). As a matter of fact, five of them woke up
because of the tape and were aware of having heard words
but could not give us any example. Detailed information
about the sleep variables are given in Table 1. Due to a
technical flaw, data concerning subject 4 were lost after the
recording night. Total sleep time was 448 min in average
and percentages of sleep stages were in normal ranges.

It should be noted that for five subjects, we observed,
during the tape presentation, a REMs disappearance (the
EMG remaining at the required level for the REM sleep)
together with the appearance of alpha waves.

Word Stem Completion Test and Recognition Test

Results for the 10 experimental subjects are given in
Table 2 (for the word stem completion test) and in Table 3
(for the recognition test). For the word stem completion
test, we totalized the number of target responses (when a
subject completes a stem with a word heard before or
during sleep) and the number of non target responses
(when a subject completes a stem with a word from the
other category). We did not take into account other words
produced by our subjects (belonging thus neither to the
category they heard, neither to the category (serie) they did
not hear).

For the recognition test, we totalized the number of
correct and incorrect responses for every type of words
( A , B  and C ).



We applied an ANOVA analysis on the data from the
two behavioral tests. We took the type of stimulus (list A vs
list B) and the type of task (word stem completion vs
recognition) as within-subjects factors, the type of category
(1 vs 2) as between-subjects factor and the frequency of
correct  answers as dependent variable.

The list effect was significant (F(1,8)=21,32, p<.01)
indicating that for both tasks, the percentage of correct
responses was much higher for the A list (words presented
before sleep) than for the B list (words presented during
sleep). 

Electrodermal Activity

The electrodermal response is a phasic phenomenon,
relatively brief and exhibited between 1 and 5 seconds after
starting the stimulus. For the recognition test, the subjects
had three seconds to give their answer for each item.

Consequently, the skin conductance variations, relative to a
particular item, could have happened during the time
devoted to the following item. Because of this, we decided
to consider the words two by two. This way of processing
gave us 9 different categories of word pairs ( A word
followed by a B word  or C word , B word  followed by
a A word , ...). We computed the skin conductance values
for every category. We based our computations upon the
hypothesis according to which, as we already mentioned it,
there should be no explicit or implicit learning during
sleep. Consequently, a A word  was supposed to be
known, while a B word  or a C word  was supposed to be
unknown by the subjects. We thus supposed that there
would be a skin conductance variation between a supposed
known word and a supposed unknown one, and
conversely. We found no significant differences between the
different categories of words. When a word supposed
known was followed by a supposed unknown one, it
produced the same skin conductance variations as if the
contrary occurred. We did not analyze the results for the
word stem completion test. Indeed, the subjects had 20
seconds to complete each stem. As the electrodermal
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List A List B A+B

Subj. Target resp. N-target resp. Total Target resp. N-target resp. Total

1 5 5 10 4 5 9 19

2 7 6 13 3 1 4 17

3 10 3 13 2 4 6 19

4 10 5 15 5 2 7 22

5 5 7 12 4 3 7 19

6 8 2 10 2 2 4 14

7 3 6 9 2 3 5 14

8 16 6 22 4 7 11 33

9 6 5 11 4 4 8 19

10 10 11 21 5 10 15 36

tot. 80 56 136 35 41 76 212

Table 2. Total number of responses in the word stem completion test for the 10 subjects

Subj. List A List B List C Tot.

1 7 6 11 24

2 12 4 14 30

3 16 7 7 30

4 8 11 12 31

5 8 4 11 23

6 6 0 16 22

7 13 8 8 29

8 15 3 15 33

9 13 0 17 30

10 7 4 15 26

tot. 105 47 126 278

Table 3. Number of correct responses in the recognition test

for the 10 subjects

Sleep Variables S1 S2 S3 S5 S6 S7 S8 S9 S10

Total Sleep Time 462 430 416 426 429 460 477 466 467

Sleep Efficiency 87 81 80 85 92 94 95 96 84

Stage 1 (%) 8 5 7 2 3 3 4 4 11

Stage 2 (%) 59 47 41 55 54 44 58 49 40

Stage 3 (%) 13 9 11 14 14 13 5 4 9

Stage 4 (%) 6 12 14 6 8 14 9 15 11

Stage REM (%) 4 13 16 18 16 24 20 25 14

Table 1. Sleep polygraphic variables in 9 subjects 
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response occurs only between 1 and 5 seconds after starting
the stimulus, we did not know how to analyze the
remaining 15 seconds, more especially because the
variations continued during this interval.

Correlations Between Sleep Parameters and 
Tests Performance

Positive correlations (r = 0,85 and r = 0,80) were found
between the remaining sleep time after the last occurrence
of the tape (ST) and the performance for the two tests, but
only for the subjects who woke up during the tape,
suggesting that the longer ST was the better the results
were. In addition, REM sleep percentage was positively
correlated to the performance for the word stem
completion test, but, only for the subjects who did not
wake up (r = 0,74). However, none of these correlations did
reach statistical significance (p=0,065; p=0,1; and p=0,149,
respectively).

DISCUSSION

At the explicit level, the words presented before
sleeping were considerably more often recognized than the
words presented during REM sleep. We thus concluded
that the words presented before sleeping seem to have been
well memorized, whereas no trace of explicit memory for
the words presented during REM sleep was found.
Concerning the implicit level, the same pattern was
observed: the items learnt before sleep were much more
often used to complete the stems than the ones learnt
during REM sleep. 

We may thus infer that, for the word stem completion
test, the subjects seem to have used preferably the words
heard before sleeping to complete the stems, possibly under
the influence of intentional retrieval. Another explanation
can be that the words presented during REM sleep were not
perceived, at least by the five subjects who did not wake up
during auditory presentation.

Finally, there was no significant skin conductance
variations either, for both types of words and for both tasks. 
These results confirm thus our hypothesis and are
congruent with previous studies showing that, in presence
of an EEG control, no learning, either explicit or implicit,
during sleep seems to happen (17,18). Nevertheless, our
study raised important methodological issues. Firstly, the
sound intensity had to be adjusted so that the subjects

could hear the words, without any awakening. In order to
do this, we asked our pre-test subject to listen to the tape.
The sound was reduced till he did not hear the stimuli
anymore. We adjusted the sound intensity slightly above
this threshold, however, it is not proved that this threshold
would be adapted to all the subjects. Even with an adapted
threshold nothing could prove that the stimuli had been
effectively perceived during REM sleep.

The second issue concerned the recall interval that was
longer for the pre sleep stimuli (8 hours) than for the
stimuli presented during sleep (4 hours). However, a longer
interval would impair the performance, which was not the
case in our study.

The third issue concerned the analysis of the skin
conductance variations data. We choose a method that was
probably not the only one possible and perhaps not the best
one. Moreover, we had to face the lack of specificity of the
psychogalvanometer. Indeed, it reacts to every stimulation,
not only to the psychological ones: intellectual activity,
muscular activity, noise, emotions also provoke
electrodermal activity. The skin conductance variations we
computed were thus probably not provoked by a
physiological recognition  of the stimuli only. 

Finally, the disappearance of the REMs in five subjects
while they were submitted to the tape could reflect the
processing of the auditory information presented during
this sleep stage. Furthermore, we observed an alpha wave
simultaneously with the REMs disappearance. According to
Cipolli (27), the alpha wave may play an important role in
learning processes, as there seems to be a correlation
between retention rate and the level of EEG activation after
stimulus presentation. This EEG activation should be
higher than a minimal level so that learning could occur.
Thus, learning during REM sleep could be possible if the
stimuli provoked an EEG acceleration. However, we did not
find such a correlation between learning and alpha waves in
our study. Nevertheless, the precise role of the alpha waves
in this work is difficult to determine since we systematically
attempted to avoid them. 

In conclusion, we failed to obtain any implicit learning
effect during REM sleep, with either behavioral or
psychophysiological measures. However, due to the
relatively small size of our sample, these results should be
confirmed on a larger sample.
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