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Responses to Material Presented
During Various Levels of Sleep
Charles W. Simon and William H. Emmons1

The RAND Corporation

Unlike the weather, sleep is something all psychologists
do but very seldom talk about. Recently, there has been an
increased interest in the possibility of learning while one
sleeps, Originating in the imagination of the science fiction
writer, sleep~learning has become a recurring news item and
the basis for large-scale commercial activity. A critical
review of the few scientific studies in this field to date lead
to the conclusicn that the evidence supporting claims of
learning during actual sleep is inconclusiwve. The chief
criticism against the existing studies was their failure to
continuously determine the sleep state of their Ss during the
stimulus input period (18).

After considerable exploratory work (17), the present
experiment was designed to study the effect of presenting
material at different levels between wakefulness and deep
sleep on the ability of S8 (a) to respond to it immediately,

and (b) to recall it later upon awakening.

.Footnotes are on Page 50.
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Method

Because of the numerous uncontrollable features of a sleep-
learning study, the following design and procedure was used,
Ss were first tested to determine how much of the training
material they already knew. They then retired for an eight
hour sleeping period, during which time questions and their
appropriate answers were played to them. 8Ss were asked to
indicate immediately 1f they heard any of the inputs. Upon
awakening, the Ss were given the questions again in order to test
the effect of sleep-training. Following the unaided posttest,
five alternative multiple-choice answers were provided and the
Ss were retested. EEGs were taken continuously throughout the
night; the level at which the S was sleeping during each input
was determined and the relationships between various measures

of learning and sleep level were found.

Subjects

Twenty-one male experimental Ss were used. Ten were
junior college students, nine were scientists, and two were
policemen. Because of their similarity on most of the
critical variables, results from the college and police groups
were combined in all the analyses. This combined group and

the scientist group differed significantly on all variables,
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The means and sigmae of the two groups on age, IQ, education, and
pretest scores are given in Table 1.

All of the 8s had IQs that were average or above. In order
to faﬁilitate the detection of gradual changes which occur in
the EEG between wakefulness and light sleep, it was necessary
to use only 8s having a persistent oceipital alpha rhythm when
awake and relaxed with their eyes closed.

Forty juanior college males and 24 male scientists were used
as control groups without regard for their alpha rhythm. The
mean scores of these two control groups on age, IQ, education,
and pretest scores did not differ significantly from those of
their respective experimental group when tested by a t test.

The variance on the age variable of the college-police group was
significantly greater than that for the college control because
the older policemen were included. A multiple~R of 41 (GR = .03)
for the college control and one of .59 (GR = ,12) for the
scientist control were obtained when age, LQ, and pretest

score variables were used to predict scores on the multiple-
choice posttest without intervening training and with correctly
answered pretest items removed. The difference between the two

Rs is not significant, the critical ratio being 1.44. Beta weights




Table 1

Description of Ss in Experimental Groups

Occupation Age
Scientists Mean 30.6
(n = 9) S.D. 5.0
Gollege-Police Mean 23.25
(n = 12) 5.D. 6.3

* The IQ test used has a ceiling of 133.

Q=

122.6

6.0

Ltems right

on pretest

11.7

3.4

6.8

3.0

Years of

education

17.1

2.4

13.0

Although no 5 answered all of the gquestions

correctly, a number finished long before the 30 minute time limit was up. Mean IQ

values are probably somewhat lower than they should be, particularly for the

scientist group.

7e-42-C1

AAR L
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for the pretest score showed it to be almost as predictive alone
as when combined with the other two variables. Thus, experi-
mental and control groups are well matched on items which

were related to the measures being studied.

Apparatus

Ss slept in clean comfortable beds in three separate
sound-proof, air conditioned, electrically~-shielded booths.
EEG electrodes were applied to the right occipital area, the
vertex, and the left mastoid process. The electrode wires
were arranged to allow relatively free movement during sleep.
The S$s suffered no discomfort from the electrode arrangement.
Two monopolar EEG recordings {right occipital and vertex)
were made from each S using a six-channel Offner electroen-
cephalograph and Dynograph ink-writer, A marker pen mounted
on the Dynograph automatically marked the exact time an
auditory stimulus was presented to the Ss. The learning
material was recorded on magnetic tape and played through
loud-speagkers placed inside the booths. A two-way inter-
communication system allowed the Es to communicate with the

Sse
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Procedure

Pretesting Period. Several hours before retiring, the Ss

were pretested to discover what information they knew in order
to have a base from which to evaluate how much had been learned
following "sleep-training" on the same material. Ss were
encouraged to guess answers to as many questions as they could,
since a chance guess might be the correct one. No time limit
was imposed,

Ninety-six general information questions were culled
from varlous books on the hasis of the following criteria:
(a) the information was nolt generally known; (b) the
answers required were not outside the verbal experience of
the Ss; (c) questions could be answered in short phrases or
single words. These same 96 questions and their answers were
recorded on tape at five-minute intervals for presentation
during the sleep period. The answer was presented ags a
restatement of the question with the critical information
near the end. For example, Question: "In what kind of store
did Ulysses S. Grant work before the war?" Answer: 'Before
the war, Ulysses 8. Grant worked in a hardware store."

Preliminary Period. Following the pretest, Ss prepared

for bed and the EEG electrodes were applied. Three Ss were
run simultaneously. Since it was not possible to adjust the

auditory intensity of the stimulus material in each booth
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individually, it was necessary to find a level satisfactory Lo all

three. "Satisfactory" was defined as the point at which the

training material could be heard clearly by the waking 8, yet

not be loud enough to materially disturb him once he was

asleep, As the Ss lay in their booths, practice verbal mat-

erial was played at approximately the same loudness as the

experimental stimulus material was to be played. This

loudness level was adjusted after a number of tests so that

the S with the highest threshold was able to hear the words

clearly.

Before turning out the lights and allowing the Ss to go

to sleep the following instructions were given: (a) if they

awakened during the night at any time, they were to call out

their name and booth number as soon as possible and to say

that they were awake; (b) if they heard the answer to any

of tﬂe question-answer combinations during the night,

they were to walt until the answer was completed and then

call out their name and booth number. In order to impress

these instructions on the S, each was asked to repeat them

back to the E,

Training Period., Within five minutes after the S retired,

the tape recorder was turned on and the question-answer
combinations were played into the booths at approxi-

mately five-minute intervals. A pen automatically marked
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the EEG record whenever a question or answer was played.
The Es would mark on the record whether or not the S stated
he heard the answer. Records of any other pertinent infor-
mation were kept, e.g., if thé S awoke, his remarks, and
so forth.

Posttest Period. Shortly after the last question and

answer was played, the Ss were awakened (if they were not
already so), permitted to dress, and wash their face and
hands. The same questions which they received on the pretest
and during the training were again presented for them to
answer; as before, Ss were still encouraged to guess.

This unalded recall was followed by a multiple-choice test

in which five alternative answers (including the correct

one) were provided with the questions. After answering a
questlionnalire on how they slept during the night, the Ss
were excused and asked not to discuss the test with anyone.

Post-Posttest. A week later, the Ss returned to listen

to the entire 96 question~answer combinations played on a
half-hour tape. Following this, they were given the unaided
questions again. After a suitable rest period, Ss were given
the half-hour Otis Self-Administering Test of Mental Ability,
Form D.

Control Group Testing. All members of the contrel groups

were given the 96 questions and asked to answer them by gues-

sing whenever they were not certain. TFollowing a brief rest
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and no training, they were given the questions along with the
multiple-choice answers and retested., After the second test,
they were given the Otis-Self-Administering Test of Mental

Ability, Form D.

Results

The basic data available for analysis were: (a) the
levels of sleep during the training period as Indicated by
EEG records, (b) the frequencies with which the Ss immedi-
ately reported they had heard an answer, and (c) the fre-
quencies with which the Ss correctly recalled an answer,
both unaided and by recognizing the correct multiple-choice
alternative,

The results of the experiment are presented in terms of
items, combined by levels of irrespective of the content of
the question or of the particular S being measured. The
2,016 items always differed, although a particular question or
particular S contributed to the over-all score for any
sleep level in unequal and non~systematic amounts. Measures
based on items were equivalent to scores which would have
been cbtained if based on Ss' mean scores weighted by the

number of questions contributing fo each score. Actually,
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the data were also analyzed by techniques other than those

presented in the body of this paper; no significantly different

conclusions were obtained and it was felt the particular

measures used here presented the results most clearly, most

reliably, and most characteristically.2

Sleep Levels

Those portions of the EEG record occurring simultan-
eously with the presentation of the answers were categorized
into 26 distinguishable patterns. These 26 EEG patterns were
divided into eight groups, or sleep levels, which were or-
dered on their proportion of visually observable cyclical
activity within the alpha frequency range (8=13 cps) and on
their amplitude, frequency, and the effects of stimulation
when alpha frequencies were no longer present. This order
corresponds to the S's state of consciousness between wake-
fulness and deep sleep and is described in Table 2.

The reader should keep in mind that the categories dependent
upon the amount of alpha were based on Ss having continuous
or nearly continuous waking alpha rhythms and read primarily

from the monopolar occipital record. The letter symbols and




Table 2

RM-1442 |
EEG and Psychological Conditions along the 12-27-54
Sleep~Wakefulness Continuum e |
Psychological
Level Items Ss Electroencephalogram Condition
Continuous or nearly continuous alpha Awake.
of maximum amplitude and frequency Relaxed with eyes
of not more than 1 c¢ps slower than closed.
0 8 90 | the S's normal alpha frequency. Responsive to external
Frequency and amplitude are slightly stimulation,
less after sleeping than before.
More than fifty per cent of the
scoring period contains alpha. Also
low level, random activity character~
At 9 100 | istic of an alpha block may be present
with alpha disappearing at the onset
of stimulation and returning shortly
after its cessation,
Less than 50 per cent alpha but Drowsy
scoring period contains at least Attention wande:s;
A 12 95 | three cycles of activity having the reverie,

same frequency as the 0 level, The
alpha amplitude may be of the same
or considerably lower amplitude than

hefore.

(Table 2 continued on next page)

Increased reaction
time.

Partial awareness.




(Table 2, Continued)

14

100

Contains cyclical activity having a
frequency more than one cps sglower than
the level 0 record. May include waves
of mixed duration with perlods between
.12 and .08 seconds, with no one period
being dominant. Also includes records
showing no alpha rhythm during stimu-
lation, but with alpha occurring within

30 seconds prior to stimulation or

following but not both.

RM-1442
12-27-54
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22

100

Absence of alpha during the stimulus
period and the adjacent 30 seconds
of record. Some stimulus effects

may occur consisting of low level fast
activity or an increasge in random
activity containing both high and low
frequency components., Low level delta

activity is present in the absence of

stimulus effects.

Iransition.
Dream~like state.
Infrequent responses
to external stimu-
lation.

Onset of sleep.

Fasily awakened,

18

100

Absence of alpha with an increase of
delta and the appearance of sleep
spindles (14 cps). This state is charac-
terized by stimulus effects such as the
K complex and increases in amplitude of
delta waves with the onset of the stimu~
lus. Type of effects vary with

individuals.

Light sleep,

No behavorai responses
to external stimula-
tion (unless stimulus
awakens) .

Dreams scometimes

remembered.

{(Table 2 continued on next pace)




(Table .2, continued}

A further increase in delta
amplitude with a reduction in fre-
quency and diminution of stimulus
effects and sleep spindles. Ampli-

tude of delta almost at maximum,

RM-1442

12-27-~54

-13-
Deep sleep.

No memory for dreams.

Difficult to awaken.

Absence of sleep spindles and
stimulus effects., Very large
delta activity with smooth waves

of .5 to 1.5 second duration.

Very deep sleep.
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the description of the sleep levels in Table 2 approximate those

of other experimenters in the field (3, 11, 13, 14). More

detailed descriptions of these EEG levels and patterns and the

techniques of analysis will be-given in subsequent papers.

The percentage of items and Ss in each level in this experi-

ment is also reported.

The EEG records were analyzed independently by two Es

measuring sclely by eye, after first agreeing on a few major

classification principles, Their independent readings of the

eight levels correlated .877 (corrected contingency coef-~

ficient) with a standard error of the correlation of .024

when the true correlation is zero. Following this first

reading, the two Es worked together to agree on the cate-

gories for all 2,016 items, elaborating on the principles

for such categorization and compromising in the few cases

where it was necessary. The breakdown of EEG levels during

the drowsy stages before sleep is finer in this paper than

has been reported previously. 1In the final analysis of the

2,016 sections of record, seven per cent were unclassi-

fiable due to artifacts which obscured the EEG pattern.

Levels O through A- will be designated as "alpha levels”
and B through E as "non-alpha levels". Cyclical activity
within the alpha frequency range (8-13 cps) is found in the

first group and is absent in the second. Sleep levels always
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refer to the levels at the time of stimulus presentation and
never at the time of the immediate response or of later recall.

All scoring of the EEG records was completed prior to the

scoring of the information tests.

Immediate Response

Whenever an S reported hearing an answer by saying his
last name and his booth number, this was recorded. Thus,
a score was obtained for the number of immediate responses
glven to answers presented at whatever sleep level the §
happed to be in at the time. In most cases, responses
occurred well within 15 seconds after the stimulus ended,
generally within two or three seconds, and in five cases,
Ss responded between the question and the answer. One and
eight-tenth per cent of the 2,016 items were excluded from
this analysis as it was impossible to determine which of the
three Ss running simultaneously had responded. After those
items occurring when the EEG was unreadable due to artifacts
were also removed, the analysis was based on a total of
1,827 items.

The solid line in Figure 1 represents the percentage of

items in each sleep level reported heard immediately following
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The percentage of immedialte responses occurring to stimuli
presented at varying levels along the continuum between
a waking and deep sleep state. The shaded portion repre-

sents plus and minus one standard error of the percentage.
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presentation. The shaded portion represenlts the area covered

by plus and minus one standard error of that percentage.

It is evident that proportionately fewer responses occurred

as the S changed from wakefulness to sleep; when no alpha

wag present during stimulation practically no responses

occcurred. Actually, over 50 per cent of the Ss were

responding 100 per cent of the time to presentations

occurring in the first two alpha levels and none of the

time to those occurring in all four non-alpha sleep levels.

When the data were further combined, immediate responses

occurred on 63 per cent of the items as long as some cyclical

activity within the alpha- frequencies was observed during

presentation (alpha levels 0 to A-}, while only three per

cent occurred when alpha frequencies were absent (non-alpha

levels B to E). These latter responses will be discussed

later,

Retention

Retention.following sléep—ﬁraining wag measured in two
ways--by unaided recall and by recognition. Before this
data could be analyzed, all items which had been known on
the pretest prior to sleep-training were first removed,
This accounted for nine per ceant of the 2,016 items. In-

dividual Ss knew from two to 15 questions out of the 96 before
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receiving sleep-training. Mean values on Table 1 indicated

that the scientists knew significantly more pretest questions

than the college-police group. Seven per cent more items

were removed since they occurred when the EEGs were obscured

by artifacts. Thus, 1,690 items were included in this

analysis,

Unaided Recall. 1In Figure 2, the percentage of items

recalled correctly without the aid of multiple~choice answers
are shown for each sleep level, along with the standard error
of these percentages. The shift from wakefulness to sleep is
indicated in the EEG by a decrease in the amount of activity
in the alpha frequencies during periods of stimulus presenta-
tion. As the alpha frequencies decrease there is a correspond-
ing decrease in the percentage of items correctly recalled.
Over 50 per cent of the Ss failed to recall any items presented
to them during non-alpha levels (B to E). The small percenfage
of items recalled during these periods were primarily the re-
sponses of only a few Ss and will be discussed later.

The percentage recalled while awake, eyes closed and
resting (Level 0) can be compared to the percentage of items
Ss recalled while awake but listening intently (Alert Level),

as shown in Figure 2. This Alert Level value was obtained




FIGURE 2
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The percentage of answers correctly recalled unaided
~after being presented at varying levels along the
continuum between a waking and deep sleep state. The
shaded portion represents plus and minus one standarxd
error of the percentage.
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by using only the 883 items Ss failed to get correct at any time
from the original pretest through training and all posttest periods.
As might be expected, the percentage retained from an awake and
alert presentation period is somewhat greater than that retained
from an awake and resting presentation period.

Of the 782 items presented during all four alpha levels
56 per cent were recalled correctly unaided, whereas only three
per cent of the 908 items in the four non-alpha levels were
recalled correctly.

When the percentage of items recalled by scientists and
college~-police groups were compared {See Table 3), the differences
favored the scientists on all levels and significantly so for
all except the periods of deepest sleep, No consistent differences
had been found between the number of immediate responses made by
the two groups.

Recognition Recall., Figure 3 shows rhe percentage of

items recalled correctly when multiple-choice answers were

provided, along with the standard error of these percentages,
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Table 3
Significance of the Differences between Populations
on Percentage Recalled Correctly Unaided
Percentage at each Sleep Level
0 At A A~ B C D B
Scientists 84 81 60 43 10 4 5 7
College-Police 67 62 38 21 2 0 0 0
2%
% 5.74 6.03 8.08 13.70 9,91 4.66 & &

*Xz = 3,84 at .05 level of significance

& Expected cell frequency less than five,
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FIGURE 3
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Sleep level 0 A A A B C D E
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No. of items 159 156 210 257 400 333 17 48

The percentage of answers recognized on the multiple choice
test after being presented at varying levels along the con-
tinuum between a waking and deep sleep state., The shaded
portion represents plus and minus one standard error of the
percentage., The expected value was that obtained from an
untrained control group of comparable ability answering

the same items.




As in the preceding two figures, with a decrease in alpha fre-
quencies at the time of presentation there was a corresponding
decrease in the number of items recalled later, Unlike the
others, however, the recall curve leveled off around 23 per cent
instead of dropping to zero.

Since it was possible for Ss to answer correctly solely
by chance on the multiple-choice test, it was necessary to compare
the percentages obtained by the experimental groups with a best
guess of what the theoretical percentage would be, Although
one out of five, or 20 per cent, was chance expectancy for this
test, the difficulty of making a perfect multiple-choice test
with answers equal in selectivity caused the Es to use scores
of a control group as the basis for estimating the expected
value. This was particularly important since 96 questions of
varied degrees of difficulty and two populations of experimental
Ss contributed different amounts to the total percentages at each
sleep level.

The expected value for each of the sleep levels was
obtained in the following manner. The multiple~choice tests
taken by the two control populations (scilentists and college
men) were scored, excluding all items answered correctly on
the pretest. Two frequencles for each population were assigned
to each of the 96 training questions. These frequencies were
the number of control Ss getting each question correct and

the number attempting the question. To get the expected

RM-1442
12-27-54
-23.
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value for any sleep level, these frequencies were multiplied by

the number of times each question appeared in that level during

the experiment., When the experimental § was a scientist, fre-

quencies from the scientist control group were used; when the

experimental § was a college man or a policeman, frequencies from

the college control group were used. The products were summed and

the total number answered correctly in a particular sleep level

was divided by the total numher attempted in that level. Thus an

expected percentage for the combined groups or either of the two

sub-populations could be obtained, weighted according to the speci-

fic question and the populations contributing to the observed per-

centages at each sleep level. These expected values based on the

control groups are shown by the broken line in Figure 3.

Chi square53 between the observed and expected values were

highly significant far beyond the ,0001 probability level

for the four alpha ‘levels: Level O,XZ = 420.9; TLevel A+,X2== 353.5;

Level A,xz = 290.4; Level A—,XZ = 108.0. These values are not

surprising since we know that more than mere chance was res-

ponsible for the correct recall of answers presented at these

levels, i.e., Ss had learned during these training periods. Chi

squares between observed and expected values were quite insigni-

ficant (.75 < P < ,95) for the four non-alpha levels:

level B,Xz = .004; Level C,xz = ,085; Level D,Xz = ,008;

2
Level E,¥ = .092. 1In these levels, only chance was responsible
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for the minute difference between the obsgerved and expected

frequencies of correct answers,

The observed and expected percentages correctly recalled

on the recognition (multiple-choice) test by scientist and by

college-police groups are shown in Table 4, along with the chi

square values for differences between these values. The

regsults of these analyses are comparable to thoge obtained

when the two groups were combined; differences between the

observed and expected values were quite insignificant for the

alpha levels and Insignificant for the non-alpha levels. That

the expected values for both groups were gsomewhat higher than

20 per cent indicated that the alternative answers were unequal,

with some wrong choices being easier to exclude than others,

With more intelligent or better informed Ss, opportunities for

eliminating unlikely answers are increased, which in turn

increases the probability for a correct answer. This is

reflected in the higher expected percentages of the scientist

group., Furthermore, this group knew more on the unaided test;

it is not unusual, therefore, that they should do better on

the more sensitive multiple-choice test where forgotten

material is recognized.
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Table 4
Chi Square Tests of Percentage Recognized on Multiple-
. Choice Test
Sleep Level
0 A A A- B C D E
Scientists:
% Observed: 95 91 80 63 .30 31 30 0:
% Expected: 24 22 22 25 26 27 30 23
%
XZ : 260.5 229.0 21.5 9.5 1.04 .61 21 2,96
College-Police:
7 Observed: 87 73 61 35 20 19 20 30
% Expected: 22 20 22 21 23 21 22 25
2%

Y% : 152.2 122,5 83.3 14.6 1.22 43 .09 .27

y? < 1,38 is significant above .40 P level,
XZ > 3.84 is significant below the ,05 P level,
Xz > 14,06 is significant below the ,00018 P level.

¥




Recognition vs. Unaided Recall. Since a majority of the Es

in sleep-learning used relearning as the measure of retention
(2, 4, 6, 9, 19), some comparison should be made between it and
the recall techniques used in the present experiment. ZLubh's (15)
c¢lassical study provides one such comparison. He found that
retention was best measured by the recognition method when recall
occurred from twenty minutes up to two days, the limits of his
experiment., Just how one might gauge the length of the interval
between training and recall in the present study is difficult to
say since much of the intervening period is filled with sleep,
but it would fall between twenty minutes and eight hours. ZLuh
found that the written reproduction measure, a form of unaided
recall, was slightly better than the relearning measure for
this intexrval of time. One might therefore sugpect that positive
signs of sleep~learning were more likely to be evident with the
multiple-choice, recognition technique used in this study thanr
relearning technique used in others, and that even the unaided
recall technique would reflect retention equally as well,
Although Luh's study leads us to conclude that the
recognition technique was more sensitive than the unaided tech-
nique, this latter point is not immediately evident from
Figures 2 and 3; the differences could have been made possible

soley by guessing on the multiple-choice test. However, if all
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jtems that were right on either the pretest or the unaided post-

test were removed, subsequent analysis could determine whether

the remaining correct items on the multiple-choice test were more

than could be expected when compared with the theoretical value

obtained from an untrained control group. This should be the

case if the multiple-choice test was actually more sensitive

than the unaided test and if learning did take place.

The percentage of multiple-choice items answered correctly

after all correct items on previous tests had been removed are

shown for each sleep level in Table 5. 1t can be seen that

for all of the alpha levels, more items were answered correctly

by the sleep-trained group than would be expected, when compared

with values obtained from the control group. In two levels,

this difference was significant. For the non-alpha levels,

the sleep-trained group never did better than the control.

When all of the items during the alpha levels are combined,

33.6 per cent of them were recalled correctly as compared to

an expected 22,5 per cent, The difference was highly signi-

ficant below the .001 P level (XZ = 23,57). When all of the

non~alpha level's items were combined, the experimental grou
P ’ P g P
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Table 5
Chi Square Tests of Percentage Recognized on
Multiple~Choice Test after Items Correct on
Unaided Test are Removed
Sleep Level
0 At A A~ B G D E
% Observed 59 32 40 25 20 22 22 23
% Expected 24 25 21 22 23 22 23 25
B 19.9% .90 19.5% .80  2.45 .03 .08 .04

#5ignificant below ,0001 level of confidence




correctly recalled only 20.9 per cent of them as compared to an
expected 23.0 per cent. These regults demonstrate the sensi-
tivity of the multiple ~choice technique over the unaided recall
technique, and in addition substantiate the conclusion that no
learning occurs after the alpha frequencies have disappeared.
When analyzed separately, the trends for both the scientist
and for the college-police groups were the same as for the
combined scores. However, the gcientist group recognized
significantly more items than were expected on all four alpha
levels, but not for the non-alpha levels, while the college-
police group recognized significantly meore than the expected

value only at Level 0,

Unusuals

Are the 27 items answered correctly in non-alpha levels
evidence of sleep learning or not? Are the 28 items heard
in these levels evidence that sleep learning is possible?
Table 6 shows the frequency of items in the four non-alpha
levels, categorized into those which Ss indicated immediately

they had heard (H-), or answered correctly later (R-), or
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Tqbie 6

Number of Items Reported Heard (H-), Answered Correctly

(R-), or Both (HR) in the Non-Alpha Levels

level Possible HR H- R-
B 400 8, 18% 11%%
C 333 0 2 5
3] 117 0 0 2
E 58 0 0 1
ALl 908 8 20 ' 19

*Five of these were answered correctly on the pre-test.

#¥Two of these may or may not have been heard; answers
were too indistinct to determine which of three Ss
reported.
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both (HR). An examination of these unusual items, the Ss, and the
analyses reveals a number of conditions which make a sleep-learning

hypothesis highly suspect,

Infrequent occurrence of the phenomenon. All of the items

heard and/or answered correctly account for roughly five per

cent of the 908 items which occurred in the non-alpha periods.

Two and two~tenth per cent were responded to immediately, 2.1 per
cent were answered correctly, and 0.9 per cent were both responded
to and answered correctly during the non-alpha presentatioms.
Roughly, one per cent of all non-alpha items were responded to

in some manner below Level B,

A typical § behavior, Out of 21 Ss, two accounted for

34 per cent of the unusuals, six for 70 per cent, and eleven
for 91 per cent, Ninety per cent of the Ss had no unusuals
below Level C, 62 per cent of the Ss had no unusuals below
Level B, and 29 per cent of the Ss had no unusuals whatsoever,

Haphazardness of responses. One S indicated hearing one

answer in Level C but did not hear any in any other non-alpha
level, One S who correctly responded with an answer presented

in Level D had only one other unusual and it was in Level B,

Some Ss were predominantly "hearers' while others were "recallers",
Ss generally failed to show any patterning in the manner in which

they responded at the various sleep levels.
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Pogsible erxrors in EEG classification. Although the assignment

of a particular sleep level to a specific brain wave pattern had a
high degree of reliability, it was not perfect. Since the sleep
levels actually represent segments of a continuum between wake-
fulness and sleep, variations in individual S's EEGs may account
for the misplacing of a borderline pattern into the level,
Furthermore, whenever a pattern judged by eye con£ained
questionable signs of the alpha frequency, the benefit of the
doubt was given in the direction of sleep-learning; that is,
it was assumed that the pattern did not contain alpha. That
this assumption was sometimes wrong could account for apparent
non-alpha learning.

Psychological factors 1n S8s' behavior. Although Ss

reported they had "heard" answers presented in non-alpha levels,
there was no test to see if the Ss' actually understood what
they heard. They may have responded to the sound, without
actual comprehension. Thus, although hearing and retention
are related, an unchecked statement by the 8 that he heaxd
in non-alpha levels can provide very little encouragement for
the sleep-learning advocate.

On the other hand, some Ss may have actually heard answers
they recalled correctly but failed to report at the time. Four
Ss indicated in the postlest questionnaire that after an

extended period of wakefulness, they could hear answers but




deliberately failed to report since they wanted to go to sleep.
Two items which were answered correctly may have been reported
immediately but the answers were too indistinct to be certain
which § it was. Five of the "heard" items were also answered
correctly, but these were not counted ags an HR since Sg already
knew the answers on the pretest, Thus, there were probably even
more "heard-recalled" items than indicated,

Conditions favoring reminiscence or correct guesses,

In the majority of questions used in this experiment, the range
of reasonable answers was restricted. Therefore, the likelihood
of a correct guess on the posgttest increased if an S habitually
changed his answer from first to second trial. An index of
changeability was determined for each S by examining only those
items which he answered incorrectly on both pre and posttests;
this was done in order to avoid changes brought about by obvious
learning, When the number of non-alpha items recalled correctly
without being reported heard was correlated with the percentage
of incorrect answers changed between pre and posttests by the

21 8sg, the relationship was highly positive (r = ,68). This
correlation, significant below the ,0l probability level,
supports the hypothesis that those persons changing their answers
the most increased the number of correct guesses that they made.

In some cases, pretest questions were answered facetiously when
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Ss were urged to answer them all; an examination of the answers

showed this to be less true on the posttest. In other cases,

S8s refused to guess on particular questions on the pretest, yet

attempted these gquestions on the posttest. These test-making

characterisgtics coupled with the restricted range of reasonable

answers tended to increase the chance for a correct guess to

be made during the posttest, Furthermore, the total situation

encouraged reminiscence, Everyone has experienced the inability

to recall somethlng previously known to them, only to relax or

awaken after a night's sleep and to be able to recall it once

again. The chances for this to occur also increases as there

is an increase in an effort toranswer.

Concurrent _experimentgl results, Although there is a

smooth curve of retention as the S's gstate shifts from waking
to deep sleep, the fact that practically no responses occurred
at the point where alpha frequencies disappeared is striking.
It is even more so when one observes the obtained chi square
values in Table 4 as well as those found when the obtained

and expected percentage recalled on the multiple-choice test
were compared. The tremendous difference in direction, magni-
tude, and the degrees of significance of these values further

illustrates that the psychological change which takes place




RM-1442
12-27-54
-36 -

when alpha frequencies disappear is a real one, Furthermore,

in the light of the other considerations above, the failure of
the more sensitive multiple-~choice test to show learning in
non-alpha levels would negate the wvalidity of the hypothesis that
items recalled there on the unalded test reflected learning
rather than some of the other explanations offered.

However, there is reason to suspect that some of the
correctly recalled items presented in Level B may actually
have been the effect of bona-fide learning accounted for by
any of the above explanations., These were those cases when
the Tevel B EEG patterns were of specific types occurring
during sensory stimulation and being related to arcusal from
sleep. These patterhs where characterized by low level, fast
random activity quite similar to the "activation pattern"
found in animals (12, 16) as well as by an increase in random
activity containing both high and low frequency components,

In the latter pattern, it was difficult to accurately determine
by eye whether or not alpha frequencies were present due to
masking by the increased level of random activity. However,

in accordance with the policy stated earlier, the pattern

was assigned to the deepest probably level in order mot to
arbitrarily bias the results against sleep-learning. Both
patterns appeared to be different aspects of a stimulus effect

at the borderline between sleep and wakefulness. Items
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occurring concomitantly with these arousal patterns accounted
for 100 per cent of the ones reported heard and subsequently
recalled correctly, 50 per cent of those heard but not recalled
correctly, and 36 per cent of those correctly recalled but

not reported heard in Level B. The consistency with which
appropriate responses occurred when these arousal patterns

were observed in the EEG record suggests that some learning

is still possible in Level B, This fact, however, should offer
little encouragement for sleep-learning from the practical
standpeoint since the patterns occur at a period when arousal

is imminent,

Discussion

The results of the present study tended to agree with
other Eg who failed to find learning when Ss were trained
during sleep (9, 13). Although previous sleep-learning
experiments treated sleep as if it were one side of a dichotomy,
the relatively smooth curve of regponding and recalling found
in this study supports the contention that psychologically,
at least, the period between wake and sleep is a continuum,

That ordering the percentage of recall on the disappearance
of alpha frequencies gave such clear cut results increases
in confidence in this method for attacking the problem and

provides considerably more information about retention in all
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states between waking and sleep. At the same time, a wake-sleep
continuum makes locating the point where real sleep actually begins
more difficult, so much so that it can be found only on the basis
of a definition of sleep. It is generally believed that real
sleep occurs somewhere within the B or C level. The Loomis-
Harvey group, the first to distinguish five levels of sleep,
placed the onset of sleep between Levels B and C and nearer the
latter (3). Lindsley (11), summarizing the work on the EEG and
sleep to 1940, wrote that ''the onset of sleep probably occurs at
the end of the B stage, When the alpha waves disaﬁpear during
the B stsge, awareness of external stimulation is lost or
greatly depressed.” Gibbs and Gibbs (7) in their "Atlas
of Electroencephalography" describe Level C with its presence
of 14 cycle spindles as light sleep. Most of the psychologists
studying sleep-learning relied solely on behaviorial characteristics
gince they lacked EEG equipment. In general, they felt that sieep
occurs at the time when Ss "do not carry out instructioms, do
not remember being awake and do not make movements usually
associated with waking up" (9). The information booklets
put out by commercial firms selling sleep-training equip-
ment tend to support this view., The present authors believe that
resl sleep and the abgence of visually observable alpha fre-

quencies from the occipital region are synonymous as long as the
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behavioral characteristics described above are all in evidence.
This tends to localize sleep somewhere in Level B, after patterns
associated with arousal have first been excluded.
1f the "no immediate response'" criterion of sleep--used by
the majority of sleep-training Es--had been applied here,
30 per cent of the 27 unusual items recalled in non-alpha
levels could have been discounted. Actually, this percentage
may be even greater since some Ss stated they did not always
report when they heard,
A1l of the items heard in the non-alpha state were
presented in Level B (except for two cases where misclassification
appeared possible) and most of these occurred with a parti-
cular brain wave pattern associated with arousal from sleep,
Many of the items heard were also recalled and it is probablyg
that these few cases represent genuine learning. Nomne of
the items heard during the occurrence of other patterns in
Level B were later recalled; one might suspect that many of
these were resgponses to sounds without understanding.
The remaining items recalled without being reported heard
could be accounted for by the guessing habits of the Ss. Those
who changed their guesses the most tended to get an occasional
answer correct in a non-alpha level. Because of the lack
of patterning, the infredquency of the occurrence, and the

significance of the above guessing habit, it isg assumed
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that correct answers probably came as reminiscent effects
or as correct guesses in these levels. The failure to show
any learning on the multiple-cholce test supports this view,
It ig therefore believed that learning during sleep was not
possible.

However, establishing negative findings as fact, i.e.,
proving the null hypothesis, cannot be done. The best one
can hope to do ig to reduce the chances of making Type II
errors by giving every opportunity for the null hypothesgis
to be disproved short of sacrificing valid experimental
controls. Was this done in the present experiment? Since
the level of sleep at time of stimulation could always be
determined, every effort was made to increase the possibility
of learning. The material chosen was simple and meaningful;
recall was cued by providing dquestions to he answered and
verbatim answers were not required when unnecessary. All
these characteristics tend to facilitate recall (8).

The recognition technique further simplified recall.
Even the technique of unaided recall measured retention
about as well as the savings method (relearning technique)
used by a number of Es claiming success. Luh's (15) study
certainly does not support the claim made by some Es (19)
that the savings method is the most sensitive, particularly
not after the short period -of time that the posttest followed

training in all of these studies,
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On the other hand, recall may have been hampered in
this experiment by the fact that the material was played only
once. .With the rapid and unpredictable changing state of sleep
throughout the night, single presentations were imperative to
the present experimental design. However cogent the explanation
may sound that lack of multiple repetitions accounts for the
failure in sleep~learning, there is considerable evidence against
it. TFirst of all, when Ss were played the material once while
they were wide awake, they were able to recall over 86 per cent
of what they heard. This shows‘that the material was easy
although it does not disprove the hypothesis that numerous
repetitions would have increased the probability of sleep-
learning, Tn order to close the gap, a second experiment was
done in which material was repeated to Ss between 16 and 82
times, MNo learning occurred so long as material was presented
in non-alpha levels (5). Also, neither Stampfl (19) nor Coyne
{(2) found that repetitions made any difference in their sieep—
learning studies,.

What had been done in the present study that had not
been done successfully in any previous study was the careful
monitering of an S during the presentation period so that his
level of sleep during training was always known. The use
of the EEG for this purpose proved most adequate, and a con-

tinuum based on the presence and absence of alpha frequencies
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appeared valid, The value of alpha as an index of sleep

will be discussed in detail in a later paper.

The present study has occaslonally been criticiged

because it used a highly select group of Ss--namely those

one out of five or six Ss who showed good, continuous alpha

rhythms when awake, relaxed, and with their eyes closed,

It was necessary to choose this group in order to detect

gradual changes in the amount of alpha during the drowsy

stages. It has been argued that perhaps people with poor

or sbsent alpha are really hetter sleep-learners, and that

the negative results obtained here were due to this variable.

Perhaps, but until some shred of evidence is produced, such

a hypothesis is purely speculative, 1In spite of pergistent

efforts on the part of electroencephalographers, no con-

clusive evidence associates slpha rhythms in normal adults

with emotional or intellectusl characteristics (13)., Until

new facts are provided, selection on the basis of alpha is

no better or worse for sleep-leamning than selection on the

basis of eye color,

Serious objections might be raised to the use of chi

square in the analysis of the results of the present study.

Although subject-item contributions were always different,

within any sleep level a particular S or a particular question

could contribute an unequal number of times to the total

percentege, Thus, the assumption of complete independence
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of items within cells cannot be made. However, other tests,
including the t test based on the means of percentages recalled
by individual Ss, all supported the results obtained with chi
squares Although the t test eliminates the problem of within cell
item dependence found in the chi square test since each S's
percentage is computed separately, it introduced ancther one,
that of highly unreliablem§cqres §or“each S. Since some Ss had
percentages based on as few as one or two items in certain
levels, their score might easily be ¢, 100, or 50 per cent
almost by chance alone. These unreliable scores, contributed
by a very few Ss, tended to distort the means away from the
group tendencies both at the waking and sleep end of the
continuum. On the other hand, the large number of well controlled
obgservations which make up the combined data increases the
reliagbility of the chi square., Furthermore, we are less
concerned with the exact value of P and more concerned with
whether or not our hypothesis is open to suspicion. The
obtained chi square wvalues in practically every case were
either highly significant or insignificant, with few border-
line cases to leave a conclusion concerning a hypothesis
open to any doubt.

Although it appears that learning during real sleep is
not feasible, the practical utilization of the drowsy state
for training is still open to speculation, The results in

this study show that approximately 30 per cent of the simple
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and highly organized material presented in the period just
prior to sleep was recalled. WNearly all commercial sleep-
trainer encourage the playing of material while going to

sleep or waking up; it is more likely that successful learning
occurred in these drowsy states and. during the night when

the 8s' state lightens. Just how practical this is has not
been sufficiently evaluated experimentally. Anderson (1)
found that the amount of recall decreases when training
follows sleep closely. One must weigh the advantages of limited
learning against the unhealthful effects from loss of sleep

as well ag against the time demanded to learn in this sub-
normal receptive state. 1t may be that in the drowsy

state preceding sleep, the individual is more susceptible to
suggestion; perhaps one's attidues or habits can be modified
during this pre-sleep period when criticalness is minimized
(10). Perhaps the future development of new and unknown
techniques will permit someone to learn complex material

while he sleeps, but for the present, sleep-learning is not
the simple matter that some Es and commercial firms, which

sell equipment for this purpose, would lead us to believe.
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Summary

Twenty-one Ss were selected on the basis of 1Q (average
or above) and an EEG showing a continuous alpha rhythm when
they were awake and resting with their eyes closed. They were
given a pre-information test of the sleep-training material
and then permitted to sleep for eight hours. No attempt was
made to control the depth of sleep although EEGs were taken
continuously from the occipital region. Ninety-six questions
and answers were played to the Ss once each at five winute
intervals throughout the sleep period., Ss were instructed to
indicate jmmediately if they heard an answer, On awakening
the next morning, Ss were given the questions and asked to
write the answers. Following this they were given five alter-
native answers and asked to check the correct one. Eight
sleep levels were assigned by independent readers to the EEG
patterns occurring during stimulation. Both the percentage
of immediate responses and the percentage of items recalled
correctly decreased as the percentage of alpha frequenciesg
decreaged. Shortly after occipital alpha frequencies dis-
appeared from the EEG, immediate responses and item recall
also stopped. This was more evident when tested by recognition
than by unaided recall, Approximately three per cent of the
items presented during non-alpha levels were answered correctly
unaided. With the exception of itemg heard and sometimes

recalled when particular EEG patterns associated with arousal




occurred, the few remaining items answered correctly could be
explained on the basis of reminiscence, correct guessing, and
possible EEG misclassification. Data is presented to support
this. TLearning during real sleep is concluded to be impractical
and probably impossible. The possibility of utilizing the

drowsy state where material is retained is discussed.
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Footnotes

1 The authors wish to acknowledge the valuable assistance of

Louie W, Mason, Jr., and James L, Barnes in the analysis of the

data in this study. Appreciation is expressed to the faculty and
students of Santa Monica City College, to the Santa Monica Police
Department, and to the volunteer subjects within The RAND Corporation

for their cooperation throughout the project,

2, Tables containing the results of other treatments of data
mentioned throughout this paper can be found in the Appendix, pages

A through B,

3 Chi square tests were also made using 20 per cent as the pure
chance expected value, simply as an additional check. For the
combined groups, the results were comparable to those obtained while
using the expected values derived from the control group. When-
scientist and college-police groups were analyzed separately using
20 per cent as the expected value, both showed significant chi
squares in the four alpha levels, and insignificant chi squares

in the four non-alpha levels except for the scientist group for
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Levels B and C (xz = 7.8l and 7.20 respectively, I d.f.). But the
24 scientists in the control group also tended to do significantly
better than the 20 expected by pure chance (t = 4.0) answering
an average of 26% of the multiple~-choice items correctly, with

a sigma of 7.3%.

4 Chi squares showed that a highly significant relation existed at
all sleep levels where sufficient cases could be tested (0 through B)
between the percentage recalled correctly and incorrectly and

whether the item was immediately reported heard or not.
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APPENDIX A

ADDITIONAL DATA AND ANALYSES PERTAINING TO ''RESPONSES TO
MATERTAL PRESENTED DURING VARIOUS LEVELS OF SLEEP"
BY C. W. SIMON AND W. H. EMMONS, 1955

MULTIPLE CORRELATIONS, INTERCORRELATIONS, AND BETA WEICGHTS FOR Ss'
AGES, 1Qs, AND UNAIDED PRETEST SCORES PREDICTING PERFORMANCE ON THE
MULTIPLE-CHOICE TEST. (ALL CORRECT PRETEST SCORES WERE REMOVED FROM
THE MULTIPLE-CHOICE TEST SCORES. THE DATA WERE BASED ON CONTROL
GROUP SCORES,)

COLLEGE {(n=40) SCIENTIST (mn=24)
Multiple Correlations
Ro. 123 = -840 Ry, 123 = +99
UR = ,03 OR = 12
Intercorrelations
IQ Pre MC IQ Pre MC
Age 22 .11 .12 Age .20 14 -.09
1Q L 43k .08 IQ 40 .39
Pre L38% Pre . 52%%
Beta Weights
Age IqQ Pre Age 19 Pre
.10 -.13 43 -.20 .25 v

TESTS OF THE SIGNIFLICANCE OF THE DIFFERENCES BETWEEN MEANS AND
VARTANCES FOR EXPERIMENTAL AND CONTROL Ss ON THREF MATCHING

VARTABLES,
19 AGE PRETEST
. College-Policemen
t 1.78 1.43 1.78
d. L. 50 20 50
Fit 2.68% 6. 33%% 2,18
d. f. 11/39 11/39 11/39
; Scientists
t 1.44 .37 1.75
d. £, 31 31 31
T# 1.21 1.10 2.56
d. £, 8/23 8/23 8/23
% P < .05
#F P < ,01
# Double P value when referring to F tables as this is a two-tailed

test.
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LENGTH OF THE TRAINING MATERTAIL ANSWERS

(This is approximately equivalent to the amount of EEG record that was
scored) _

Mean = 4.68 seconds; Sigma = ,955 seconds. Range: 2.4 to 7.2 seconds

Total answer period during 8 hour experiment = 7 1/2 minutes (1.6%)

F test between means of time for answers during each hour of experiment

1.12, 7/11 4. f.

il

PERCENTAGE OF IMMEDIATE RESPONSES

Sleep level

0 At A A- B C D L
Mean (by Ss) 86 81 62 34 6 1
Om 5.4 6,2 6.7 5.8 2.2 1.0
Median 100 100 68 36 0 0 G 0
No, of Items 163 168 225 275 440 355 138 63
No, of Ss 19 21 20 21 21 21 19 : 12

CHI SQUARE TEST OF THE SIGNIFICANCE OF THE DIFFERENCES BETWEEN PERCENTAGE
OF ITEMS TO WHICH TMMEDIATE RESPONSES WERE MADE BY COLLEGE-POLICE AND
SCIENTIST GROUPS

Bleep Level

0 At A A~ B C D
College-Police 88 77 72 32 4 0
Scientists 85 87 62 &4 10 1 0 Q0
Xz .031 3.53 2,18 3.10  2.26 L1111 - .-

PERCENTAGE RECALLED CORRECTLY UNAIDED

Sleep Level

0 At A A- B C D E
Mean (by Ss) 71 69 47 30 7 . 2 -2
o 7.6 5.9 5.7 5.1 2.9 .9 1.8 1.7
Median 86 75 49 29 0 0 0 0
No. of Items 159 156 210 257 400 333 117 48
No. of Ss 19 21 20 21 21 21 19 1

2

FREQUENCY OF ITEMS REPORTED HEARD AND RECALLED CORRECTIY BY HOUR OF

PRESENTATION
Hour of Presentation 1 2 3 4 5 6 7
Reported Heard 181 113 47 45 34 59 . 76

Recalled Correctly 150 76 32 24 48 45 58

55

63
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PERCENTAGE RECOCNIZED OM MULTIPLE CHOICE TEST
Sleep Level
0 At A A- B C D E Expected #
COMBINED GROUP
Observed
Mean (by Ss) 85 77 67 46 26 23 19 17 23
Median 100 82 72 50 25 21 17 0
SCIENTISTS Expected #
Observed
Mean (by Ss) 93 o1 80 63 30 31 30 0 26
Median 99 100 80 56 26 30 8 0
COLLEGE -POLICE Expected #
Observed
Mean (by Ss) 79 67 59 38 20 18 18 26 22
Median 100 75 67 40 22 20 17 27

TESTS OF SIGNIFICANCE OF DIFFERENCE BETWEEN OBSERVED AND EXPECTED # PER-
CENTAGES OBTAINED ON MULTIPLE CHOICE TESTS

Sleep Level

0 A+ A A- B C D E
College-Police '
iy 5,22 4,56 4,99 1.86 -. 64 -1.51 -.86 .39
d. £. 49 50 49 50 50 50 49 46
Scientists
Lt 18.13 12.52 8.67 4,19 1.33 .64 1.62 18.57
d. f. 31 31 31 31 31 31 30 26

TEST OF SIGNIFICANCE OF DIFFERENCE (Xz) BETWEEN PER CENT RIGHT ON MULTIPLE
CHOICE TEST AND THE 207 EXPECTED VALUES (1 d.£.)

Sleep Level

G At A A~ B C D E
Combined X
¥Z 508.1 379.2 -337.5 135.4 2,441 1.486  .514 0872
Scientists
¥ 331.0  260.3 247.5 145.0  7.81  7.20  1.62  2.36
Col-Police
¥ 174.1 122.5 100.5  17.5  .005  .080 0 1.95

* At of 2,06 is significant below the .05 level of confidence; a t of 2.5
is significant below the .01 level of confidence.

# Expected value based on mean percentage recognized by control group Ss.




&
TESTS OF SIGNLIFICANCE OF DIFFERENCE (XZ) BETWEEN EXPECTED VALUE
THE PERCENTAGE OF ITEMS CORRECT IN THE MULTIPLE CHOICE TEST

RM-1442

AFTER ALL ITEMS ON UNAIDED POST TEST WERE FIRST REMOVED

Scientists

Exper, 66.7% 50.0
Contl. 26.4 24,9

. College-Police

52,9% 20.8
23.0 24.6

Exper.
Cont1l.

53.3% 36.0 22.3
22,1

28.8 17.8 18.6 18.7
20,9 21.1

Sleep Level

A A- B C D

25,1 26.7 26.7 27.0

22.4 21.0 22,3

& FExpected value is based on control group performance

27.2

29,5

12-27-54

AND

All

X
Levels

45, 9%
24,3

* %'s of experimental and control groups differ below .05 level of
significance by XZ test.

Non

X

Levels

23.9
26.8

RELATIONSHIP BETWEEN IMMEDIATE RESPONSES AND ITEMS RECALLED CORRECTIY

% Recalled correctly
when immediate re-
sponse is given

% Recalled correctly
when no immediate
response is given

2
¥

UNATDED AS INDICATED BY y°

Sleep Level

0 At A A- B C

83 80 67 58 38

63 53 32 15 2

3.99 9,98 22.22 49.98 61,67 @

* X > 3.84 is significant below .05 P level; X > 14,06 is 51gn1f1cant

below the

. 00018 P level.

® Expected cell frequency less than five.






