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. Chapter 1
Introduction

Scientific writings as well as literary exploits have from
earliest times been concerned with the subject of sleep and its accoms
panying phenomena, Even today, in spite of scientific advances, the
exact nature of sleep has yet to be determined. Various theories of
sleep are presented in the literature and new theories of sleep are
constantly being developed. The fact that so little evidence concerne
ing sleep has bea’n gathered presents fertile ground for the experimente
al psychologist and investigators in related disciplines to study this
problem and its ramifications., The psychologist, by utilising his know-
ledge of human behavior, and by the application of the soientific method
to sleep problems, may find results that will help him to arrive at a
more reasonable explanation of sleep phenomenon than has hitherto been -
offered.

The discovery of the electroencephalograph by Berger opened
many new areas of investigation for learning theorists and experimente
ers concerned with sleep phenomenon, With the EEG, as it is called,
it is possible to determine and precisely measure electrical brain acte
ivity during various types of cortical activity, a feat which hitherto
was impossible.

EEG patterns during sleep show a decrease in cortical-electe
ric activity., If the intensity of EEG record of an awake subject is




indicative of his learning, it would seem reasonable to assume that as
long as there is some measurables electro-cortical change, there may be
some learning taking place., It has been demonstrated by means of the
EEG machine that, in fact, electro-cortical activity does take place
during sleep (5, 11, 12, 13) but at a very reduced rate, and that as
the sleeper awakens, this activity increases in intensity,.

It seems possible that a subject might learn during sleep,
but at a much slower rate than during the conscious atate. The fact
that the subject may not be aware of having learned during sleep, or
even that he may not be aware that he was subjected to stimwlation
during sleep, cannot be offered as evidence against sleep learning,
for it has been experimentally verified that people are sonstantly
learning without awareness (30, 32, 52, 68).

Experience points to the possibility of sleep learning.
Consider, for example, the urban parent who sleeps undisturbed by
the many loud noises of the city, to which he is conatantly subjected,
but who seems to awake almost instantly upon receiving the stimulus of
& crying baby, a stimulus less noisy than sounds which do not disturbd
him, Inhibition of response or selective forgetting may account for
the parent!s failure to respond to the city noises and therefore the
example does not prove sleep learning, However, the fact that the
baby's orying does awaken the parent does indiocate that the parent has
auditory contact with his external environment and that he has learned




a stimuluse-response habit pattern to which he conforms during sleep.
We know that sleeping people often react to external stimuli
without consoious awareness of their reactions (12, 13, 14, 29, 40, 42).
The response producing stimuli may be auditory as in the oase of the
sleep~talker who coherently responds to questions, visual, as in the
case of the sleep-walker who avoids objects, or, tactual, as has been
demonstrated by physiological changes in sleeping subjects presented
tactusl stimulation during sleep (29).XEvidence also indicates that
dreams can be induced or modified by external stimulation (15),
Further evidence that sleep~learning is & possibdlity is
offered by the faot that many people report retiring with a perplexs
ing problem and swake with the problem solved or at least able to be
solved, This phenomenon may be due to the rest factor, i. e. the or-
ganism may be inocapable of solving the problem at night because of its
physiological inability to funotion properly during a state of tired-
ness, but it may also be due to learning during sleep in the form of
analyzing and problem solving on an unconscious level,
Experiments show that & greater amount of material is re-
tained after an interim of sleep than after an interim of conscious
. activity (28, 35, 37, 58, 71, 72). While more retention after sleep
" does mean learming during sleep, the evidence indicates that sleep=
| learning may be a fact,
| There seems to be nothing in the literature to indicate that




learning during sleep is impossible. On the contrary, expsrimentation
indicates that sleep-learning is a possibility, and recent studlies seem
to indicate that sleep~learning is a fact (17, 21, 46).

The purpose of this study was to teat the hypothesis that
sleesp-learning is possible, and that it can be demonatrated by testing
subjects using the antioipation method of serial reproduction of lists
of meaningful material, some of which are presented during sleep and
others not, This study will also attempt to determine if the frequency
of presentation of sleep material also affects the amount of retention.
If learning itself during sleep cannot be demonstrated, of course the
question of frequency of repetition and its relation to sleep learning
becomes meaninglesse |

It may seem strange to the casual observer that so little
scientific material has been published concerning sleep learning. Yet,
in spite of this fact, there are many items on the market designed for
people who wish to learn during sleep. One company reports that an en-
tire new language may be learned while asleep. Perhaps one of the reaw
sons for so little scientific inveatigation of sleep learning lies in
the faet that so little is known about sleep itself, It is, therefore,
difficult to know just what we are studying., It is more diffiocult to
define this atate,

The suthor of this paper is aware of no definition of sleep
which will satisfy both the requirements of this study, and, at the




same time, agree essentially with definitions offered by previous ine
vestigators of sleepwlearning. Therefore, for the purposes of this
study, a subject was considered to be asleep if he failed to respond
to auditory stimulation in the form of a question presanted by the axe
perimenter, "Are you awake,” in a way that could be noticed by the exe
perimenter. That is, if the subjeot, having been asked the question in
a voice loud enough to be heard by others in the room, made no verbale
ization, and if there were no muscular changes or movements noticed by
the experimenter, the subject was considered to be asleep.

Subjects of this experiment were probably, therefore, in what
would be commonly thought of as a deep state of sleep. It was felt
that if it could be demonstrated that subjects can learn while in this
state, it wuld be even more probable that they could learn while 1& a
lighter state of sleep. On the other hand, it was felt that a demonstra=-
tion of learning in a light state of sleep would not necessarily prove
learning in deep sleep, because llght sleep is not nepessarily a true .
sleep state but rather may be an interim between sleep and wakefulness,
But still if learning cannot be demonstrated during a desp state of
sleep, it should not be concluded that learning does not, or cammot,
take place during a lighter state of sleep.




Chapter II
Review of the Literature

Perhaps the most comprehensive writings on sleep, its effects,
and concomitant conditions, in present day literature, are those of Kleit-
man (40, 41, 42). In these works, the author discusses all the well known
variables concerned with sleep, such as movement of the subject during
sleep, depth of the sleep state, time factors, and their influences on
sleep, effects of drugs on the asleeping subject, and on the sleep state,
ete,

Kleitmen defines sleep as, ". « « & periodic, temporery cessa-
tion or interruption of the waking state which is the prevalent mode of
existence for the humen adult® (40, p. 3)e In spite of his analysis of
sleep states, Kleitman's definition fails to note that in spite of the
lack of consciousness of the subject during sleep, stimulation during
sleep, of which the subject is later unaware, can both affect hls sleep~
ing state and influence his aotivities during sleep.

Kleitman offers a negative definition of sleep, that is, a
non-waking state, but his writing gives us little indication of what
sleep 18 in a positive sense,

In spite of the fact that the exaot nature of sleep is not
known, most suthorities would agree that slsep is a gradual departure
from wakefulness, Pavlov claims that sleep is identiocal with hypnosis




(60). Other investigators, however, disagree with this theory, and to-
day sleep is considered by most authorities to be a cessation of wake=
fulness and a continuous departure from wakefulness according to what
has been termed the depth of sleep.

The depth of sleep has been accurately demonstrated by observe
ing changes in electroencephalographic recordings of sleeping subjects
(10, 11, 12, 13)s Blake (5) relates shifts in cerebral electropoten~
tials to the presence of associational and symbolic activity during
sleep and shows that subjective reports of sleep and dreams can be corw
related with potential patterns (5)s Blake shows that cerebral activity
results from auditory stimulus material presented to a sleeping subject,
and that such cerebral activity can continue without awakening the subw
Ject,

s

Harmon claims that, ", . . learning of any sort is impossivle
to a sleeping subject® (31, pe 285) but he offers no experimental evie
dence for this statement, White would seem to agree with this view, In
a paper in which he distingulshes sleep from hypnotism, he says that a
hypnotized subject, ". « . remains capable of fairly active mental opera
tions® (74) and thus it seems that White would claim that a sleeping sube
Ject 18 not capable of this same mental activity.

Franz and Lashley (22, ppe 152-176) investigated the function
of the frontal lobes in the retention of associations formed in learning
with cats and monkeys. They concluded that newly formed associations




are primarily dependent on activity of the frontal lobe. We cannot, of
course, conclude from their experiments that the same situation is true in
man, nor can we conclude that frontal lobe activity per se is enough to
cause learning., But it is agreed that the presence of brain activity is
necessary for learning in all speecies, including man, and there does seem
to be a significant correlation between the asmount of brain activity and
the amount of learning of & subject.

White distinguighes sleep from wakefulness when he says, ", «
there is a continuum from the wide-awake state through drowsiness to sound
sleep® (74, Pe 499)¢ He also distinguishes sleep from hypnotism when he
claims that, "o « o the hypnotized person is in no true sense asleep (and)
he remains capable of fairly active mental operations® (74, p. 500).

Few experimental studies have been performed to determine the
posalbility of learning during sleep. Perhaps the most recent study cone
cerned directly with the posasibility of sleep learning is that by Thomas
Stampfl (67). Stampfl used six subjects and presented tham with lists of
nonsense syllables during slesp in a varying number of repetitions and in
varying order., The subjects acted as their own controls and on half of
the nights received sleep material, and on half of the nights did not re-
ceive sleep mteriail. ®No significant advantage for learning ocourred for
material which had been presented during sleep® (67, p. 36). Stampfl con=
cludes that ", . « the hypothesis that learning can take place during sleep
is uncertain and improbable® (67, pe 36).

The mjor criticism of this work is that although nonsense sylla-
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bles were used in an attempt to limit the interference of previous associae
tions in the learning experiment, this very fact of limitation of assoclia-
tions may have resulted in such a small amount of learning that learning
during sleep could not be demonstrated. It may be that if sleep learning
is to take place, the subject needs all the advantages of a normal learning
situation, that he needs any associative "hooks" that can be utiliged.

Charles Elliott (17) utilized forty subjects, twenty of whom were
control subjects in an experiment directly concerned with sleep learning,.
To each of these subjects he rresented, during sleep, fiftesn three letter
words, not meaningfully connected, by means of an under the pillow speaker.
Elliott found a twenty per cent savings by subjects who had been presented
the sleep learning material, He used an electroencephalograph to determine
the depth of sleeps The twenty experimental subjects were equated in learne
ing ability and intelligence.

The major criticism of this experiment is that Elliott did not
e;mdition his subjects to the experiment., Subjects slept in a strange en=
vironment and this introduced a variable that was not controlled., Although
Elliott did use #n EEG machine to determine the depth of sleep and to de=-
termine if subjects were asleep, he did not use this machine during the en-
tire presentation of sleep material for each subject. Elliott does not re-
port the depth of sleep of the subjects, and, more important, he does not
tell us if his results are statistically significant,

Le Shan (46) used suggestion presented during sleep to twenty
subjects who were nail biters. He also used twenty control subjects, He
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reports that elght out of twenty stopped biting their nails., His experie
mental procedurs consisted of playing a record through the loud speaker to
twenty boys, six times a night, for fifty~four suocessive nights. It was
played two and a half hours after the subjects were asleep, His criterion
of sleep was failure to respond to the question, "Is anyone awake," The
volume of his spparatus was lowered and turned off if any subject seemed to
be showing signs of waking, The subjects did not know the experiment was
in progress.

The major oriticism of this experiment is against the method of
presenting the sleep material, It seems doubtful that twenty subjects in
one room, being presented material loud enough for all to hear, could sleep
through the material to the number of repetitions used by le Shan., Ale
though Ie Shan claims that the subjects did not wake up, it seems probable
that because of the method of presentation of material, and because of the
age of the subjects, some of them because of curiousity might have failed
to report waking and yet actually have been awake during at least part of
the experimental procedure.

Schmidhofer (65) used suggestion presented during sleep to pa-
tients in a veteran's hospital. The same recorded suggestions were pre-
sented to the same patients while they were awake. The resulta of the exe
periment were not studied statistically and a control group was not used.
Results of the study do seem to indicate that in some instances suggeste
ions presented to sleeping subjects did facilitate improvement of the pae
tients. However, because of the nature of Schmidhofert's experimental de=




sign, it was not possible to determine if sleep learning took place.
Schmidhofer presented his material both during sleep and waking hours, and
therefore it was impossible to determine if any, or to what degree, sleep
learning took place.

FPax and Robbin (21) used three groups of ten subjects per group
and presented them with given material by msans of a Telex under the pillow
speaker, presented automatioally by means of an elsctric clock timing dew
vices Oroup one was presented twenty-five Chinese words with true English
equivalents, This was the facilitation group. Group two, which was called i
the interference group, was presented twenty~five Chinese words with mige
matched English equivalents. Group three was called the control group and
was presented music. All groups received material during sleep for about
& half hour, Tha results of this study showed differences favoring the
group presented with material during sleep, which were signifiocant at
better than the one per cent level, From these results Fox and Robbins
concluded that learning can oocur during sleep and can be detected by the
savings method (21, pe 78) which was the method they used the followlng
morning as a criterion of learning.

The major criticisms of this study are that Fox and Robbins gave
no definition of sleep and that the experimenters were not present during
the experiment. Ten of thirty subjects reported hearing the machine dure
ing sleep, and it is quite possible that they also heard the sleep material
during the time when they were not actually asleep. Fox and Robbins also
used no adaption period for their subjects and this variable may account




in part for the significant results.




Chapter III
Methods and Procedure
The Subjects. Four male college students were selected on the basis of

adaptability to the conditions of the experiment from among twenty volune
teers living at a medical fraternity house in Chicago, Illinois, All sub-
Jects lived at the fraternity house during the course of the experiment.
The ages of the subjects were twenty, twenty-one, twenty-one, and twenty-
two. It was required of the subjects that they be heavy sleepers, as de-
termined by their ability to sleep throughout the conditioning process de-
soribed below; that they be willing to serve as subjects until conclusion
of the experiment; and, that their ability to learn experimental material
be nearly equal to that of the other subjects of the experiment.

The proposed design of this experiment inclnded eight subjects
and was modified to include four subjects, because pilot studies indicated
that conditions could not be adequately controlled with more than four sube
Jocts,

The twenty volunteers for the experiment were required to learn
lists of nonsense syllables until & laeveling of scceleration in their
learning curves was obtained, From this group of twenty volunteers twelve
subjects whose learning curves were similar were selected for further
screening., The experimenter entered the rooms of these twelve subjects on
three successive nights and attempted to determine whether they were heavy
or light sleepers by the following method: Approximately three hours after
each subject retired, the experimenter entered his room and said to him,

13
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"Are you awakeé?" (The subjects had previously been apprised of the importe
ance of answering the experimenter if they heard his voice at any time dure
ing the night.) If the subject failed to reply to the examinert's question,
or, if no unusual behavior was noticed immediately following this question,
"Are you awalke?" the experimenter waited five minutes and again asked the
same question. This procedure was continued at five minute intervals une
til the subject was finally awakened, or, until four degrees of loudness

of the queation had been employed with the subject. Thiﬂ procedure was ro-
peated with all twelve subjects for three conseoutive nights. Four subjects
who were awakened on one of the first three trials during one of the three
conditioning nights wers dropped from the experiment,

For the next three nights the experimenter entered the rooms of
the remaining eight subjects and played musicl on & portable electric phow
nograph through a Telex under-the~pillow speaker. A Toelax speaker is a’
plastic disc shaped speaker three inches in diameter and about one-fourth
of an inch thick, which can be attached to a radio or phonograph by means
of a standard phonograph jack and plugs. During these three facilitation
nights of music the Telsx speaker was commected to a phonograph which was
playing a long play records The experimenter kept the volume of the spea~
ker turned off until he entered the subjeot's room, closed the door, and
stood beside the subjectts bed, He then said to the subject, "Are you
awake?"® If the subject did not manifest any signs of waking, the experie

1
The music used during the entire experiment was from the first

movement of Brahms First Symphonye




15

menter turned on the volume of the sﬁeaher and placed it under the pillow

of the subjects The volume was raised to a point at which the experimenter
could hear music five feet away from the bed and at which anyone in the room
could hear sound from the speaker, During these nights one roommate of each
subject was awakened and asked if he could hear sounds from near the bed of
the subject. If the roommate answered that he could, and if he was able to
recognige the sounds as music, the volume was considered to be sufficient.

A mean volume was arrived at by utilizing this method with all subjects

and cooperating roommates. The music was played for ten minutes unless

the subject manifested signs of wakinge In this case, the volume was ime
mediately turned off and remained off for three mimutes after cessation of
noticeable movement of the subjects At the end of this three minute wait-
ing period, the subject was again asked the question, PAre you awake?"®

If the subject gave no reply, and had no change of position in bed for
three minutes, the volume was gradually increased to the previous level

and the procedure was continued until the ten minutes of music had been
played.

The subjects were required to report to the experimenter in the
mornings following the three nights of facilitation, They were asked if
anything unusual had taken place during the night, if they had slept well,
or had had any dreams, if they had heard the material, or thought they
might have heard it, They were also asked if they thought the experimen~
ter had been in the room, even if they did not recall hearing sleep mater-
ial, One of the eight subjects reported definitely hearing the music on




one occasion, and one subject reported that he did not hear anything but
that he had dreamt that he had heard music two of the three nights. Since
none of the subjects had been informed that musiec was to be presented to
them, these subjects were both dropped from the experiment. Iwo more subw
jects were dropped because each of them was sleeping in a room in which
there was another subject present, It was necessary to drop these two
latter subjects in order to avoid the possibility of practice effect while
material was being presented to another subject in the same room.

Four subjects remained after the initial conditioning period.
These subjects had on no occasion shown any signs of waking while the axe
perimenter was in thelr rooms. They had reported no unusuval dreams or ex-
periences during the facilitation period. Their learning ability for ex=
perimental material was approximately equal as determined by scores obw
tained in learning lists of words,

These four students were selected as subjects for the experi~ =
ment proper., They were all undergraduates in a pre-medical course in a
Chicago university. Each subject was within two years of age of the other
three subjects. All the subjeots had the same class schedule and all re-
tired between 11:00 P.M. and 12100 M, Each subject arose betwsen 6145 A.M,
and 7130 A.M. The four subjects lived at the fraternity house five nights
per week (Monday-Friday) and all went homs week-~ends. These subjects all
lived within £ifty miles of Chicago and had lived in Illinois all of their
lives and they were B students or better, and each reported that he spent
about the same amount of study time as the other subjects.
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Experimental Design. The four subjects selected for the experiment were
further conditioned. For the next five nights, these subjects were pre-
sented during sleep with ten minutes of music followed Ly twenty repeti-
tions of a list of material. For the first of these five nights nonsense
syllablest were used. However, during the morning testing it was discover-
ed that all subjects had seme difficulty in understanding the nonsense syl-
lables which were pressnted through headphones attached to a wire recorder.
Therefore, one syllable words were used on the following four nights of
this fagilitation period. The lists of words? wers devised in the follow-
ing way: One hundred undergraduate college students who had no previous
knowledge of the experiment, and who were not informed of the purpose of
their task, were instructed in the following way:

I would like you to take & pencil, and on the piece of

paper provided, write down the first fifteen one syllalle

words that you think of. The only requirement is that

these words be nouns, It is important that you work as

LT SR s e e Bt o -
From the thres lmndred most frequently used words the experimenter devised
the lists of words to be used in the experiment.

The material was presented to the aubjecﬁa during sleep by means
of & Telex speaker which was attached to a wire recorder, The experiment-

er entered the room of the subject, set up his equipment, and asked the

Ijansense syllables were selected from Glase's list of nonsense
syllables (27)s Lists of nonsense syllables were equated in association
value,

zrheecwrdsére listed on page 42 of this paper.
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aubjéct if he was awake., If the subject was asleep according to the defi-
nition of sleep used in this paper, he was presented with ten minutes of
music played through the under-the-pillow speaker. If the subject did
not wake up during the presentation of musle, the nonsense syllables or
meaningful words which had previously been recorded on wire to the desirw
ed frequency were played through the speaker which had been placed on top
of the subjectts pillow, close to his ear, On these five facilitation
nights, each list of material was presented to every subject twenty times
during sleep,

The material was considered to have been presented to a sleepw-
ing subject if the subject failed to manifest signs of awakening for a
period of from three minutes before the beginning of presentation until
three minutes after the twentieth presentation of the list of words or
nonsense syllables, ‘

The morning followlng the presentation of sleep material, the
subjects were required to learn lists of material different from but simi-
layr in association value to the sleep presented material, The anticipation
method of learning was utiliszed and a subject was required to correctly
anticipate the entire lisf. once without error to be scored as having learn-

ed the list,

After the five morning learning sessions each subject had reache
ed a plateau in learning and the experiment proper was begun on the follw
owing night.

During the experiment proper there were four experimental
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Table 1
Procedure of Experimental Prssentation of Material

-
-

Night of experimentesecesssses 1 2 3 4 5 6 7 8
Sleep presented material
I18tevesvsscoovescsesseersses A B C D E F G H
Frequency of presentatione... 10 10 30 30 20 20 40 40
Subjeotessesvsrcecossnnsensss III I III IIIX IIII I
Subjectesesssecossvresssenes IV II IV II IV II IV II
Control situvation
Subjectesesesscsccocrcssseses I III I III IIIX T IIX
Subjectecssssssvescessesseese II IVII IV IXI IV II IV
¥orning testing
Iisteeeereseoscrancovsessses A B C D E F G BH

nights and four control nights for sach subjeot. The experiment lasted
for eight nights, On a given night half of the subjects were presented
material while asleep, that is, material to be learned the following
morning, and half of the subjects were not presented any material during
sleeps

Table 1 on this page shows the procedure throughout the experiw
ment, During the experimental nights the lists of meaningful words were
presented to sleeping subjects ten, twenty, thirty, or forty times.




Night one was a control night for subjects I and II and on this night
these subjecta received no sleep presgentations of any sort. Night one
was an experimental night for subjects III and IV and these subjects were
presented list A (ten one~syllable words) ten times during sleep. The
next morning all subjects were required to learn list A to the criterion
of one errorless anticipation, The second night of the experiment was a
control night for subjects III and IV and these subjects received no sleep
presentations on this nights Night two was an experimental night for sube
Jects I and II and thess subjects were presented list B ten times during
sleep. The following morning all subjects were required to learn list B.
The procedure continued in this way until all subjects had received sleep
material four times (each time at a different frequency of presentation
of the material), and until each subject had had four control nights durw
ing which he ad received no sleep presentation of material, With this
type of experimental procedure, each subject's performance after sleep
presentation of material could be compared with his own performance after
no sleep presentation,

The directions to the subjects for the morning testing were as
followst

1 am going to play some material on this recorder and I am

going to keep playing it over until you learn it. The re-

corded material is oneesyllable words, When you hear the

material for the first time I want you to repeat out loud

each word after it Is spoken on the recorder, The next

time I play the material and every other time after the

firet time that it is played, you must say the word befare

it is played on the recorder, There are ten words to a
liat and before each list of ten words there is recorded




the word, "start.," You don't say this word "start" out
loud, It is just a signal that the list of words is going
to begin playing in three secondss There are three seconds
of time between each word and there is a six second break
between one playing of the list and the next.

Now, suppose that instead of words I had recorded the numw
bers 5, 12, 7, 16 and 4. It would sound like this, "Start
’OQDSOQOtlzvooo7toct16.o;oln NW, if I took the thQ of
the recorder and you weres hearing these numbers for the first
time, tell me what you would do as yOu he8r Memwe,® 9
when the recorder played the list for the second time, what
would you do? Ilet's try it., (Examiner did not proceed until
the subject did this correctly.)

Now, don't become discouraged. EKeep on trylng as hard as you
cane I am interested in how many successes or correct antie
cipations you make on each trial, as well as how many trials
it takes to learn the complete list. So, even though you get
off to a bad start on a particular trial or list, don't be-
come discouraged and don't stop trying for the rest of the
list, tut try as hard as you can all the time. Are there any
questions before we begin?

Control of Qonditions. While one cannot say that unmeasured variables did

not affect the results of this experiment, conditions were controlled as
much as possible, in an attempt to eliminate the influence of undesired
variables, Subjects were selected whose economic background, sex, learn-
ing ability, interest arnd cooperation was similar, The ability of subjects
to learn lists of meaningful one-syllable words was simllar as determined
by pre-experimental study. BEach subject acted as his own control and thus
the experimental results of each subject were able to be compared with
that same subject's control results. Besides this, total experimental re-
sults of all subjects were able to be compared with total control results
of all subjects.

The subjects of the experiment underwent a period of adaptation
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and facilitation during which they became used to the mresence of the exe
aminer in the room and became used to the presentation of material while
they were asleep, During the facilitation period, subjects gained exper-
ience in learning lists of words and also became used to the experimental
procedure which, although it did not interfere with their regular routine,
did require some modification in their dally activity,

The presentation of sleep material took place after each subject
had been in bed for at least two hours but not more than three and one-
balf hours, All subjects were tested within thirty minutes of arising and
morning testing of all subjects never required less than ninety minutes
nor more than one-hundred-twenty minutes.

The use of meaningful words instead of nonsense syllables opens
the possibility of the criticism that the association value of lists of
words differed to ths extent that this factor could account for any dife
ferences in results between sleep-presented lists of words and non-sleep-
presented lists of words. Lists of nonsense syllables can be grouped in
association value according to an objective criterion (27) but no such crie
terion was avallable for lists of one-syllable words,

In an attempt to equate one-syllable words in association value
the experimenter lad non-experimental subjects learn various lists of words
and judge the association value of these words, When one considers that
each subjeot acted as his owmn control and that each list of material was
used both in sleep presentations and as a control list, doubt is cast on
the hypothesis that the differences in association value of the lists of
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material could account for differences in results between learning of
sleep-presented and non-sleepwpresented lists of materiale.

Another control factor in this experiment was the equipment used.
The material was first recorded on wax discs and from these discs material
was recorded on wire to the desired number of frequencies, Each time a
list of words was repeated on wire it was repeated exactly as the time pre-
vious,.

Care was exercised in selecting a person to transcribe the materw
ial, The person who made the recordings had a well modulated volce and his
digtion and enunsiation were precise, He had for many years lived in the
same area as the subjects, and, therefore, his pronunciation of words was
similar to that of the subjects.

Bach recording of material was submitted to a Ward of judges
whose task was to jwige the clarity and precision of the transcription.
After each recording passed inspection Ly the judges, extra-experimental
subjects learned the material in order that the relative difficulty of the
lists of material could be ascertained,

The method of morning presentation of material through heade
phones tended to eliminate outside noises and this faot plus the fact that
the same recordings of material were used for both sleep presentation and
morning testing made slsep and morning pressntation of material similar
except for the sleep variable,

As mentioned before, heat and lighting factors were kept con-
stant and the physical appsarance of the testing room was not changed dur-




e
ing the experiment. The furniture of the room consisted of a few wooden
chairs and one table. All factors as far as possible remained constant
axcept the sleep variable.

Finally, perhaps the most important control in the experimental
design is the adherence to the definition of sleep. TWhile no objective
oriterion was available for acourately measuring the depth of sleep of
the subjects, if subjects conformed to the criterion of sleep as it is
defined in this paper, they were most certainly in a true state of sleep
when material was presented to them at night, Therefore, the results of
this experiment can be interpreted accordingly.




Chapter IV
Results and Interpretations
Explanation of tables. The following tables represent the results for

morning learning of the meaningful material presented during sleep and
for the material used as control material., Each list of material was used
as a sleep presented list for two subjects and as a control list for two
subjects.

Table 2 shows the results of morning testing for Subject I.
The second horizontal column indicates the frequencies of sleep presentaw
tion for the four experimental nights, that is, ten, twenty, thirty, and
forty presentations during sleep of lists of ten words. The third horiw
gontal colum indiocates the number of trials needed by Subject I to anti-
oipate all ten words of the llat during morning testing to the criterion
of one errorless repetition of the list. The fourth horigontal column ine
dicates the total number of errors that Subject I made during the morning
testing situation while learning the list, For instance, on a given night
Subject I was presented a list of ten words during sleep, This list of
words was repeated to the sleeping subject ten times, The next morning,
this subject required five trials to learn the list which had been pre-
sented to him during sleep the previous evening, Whils the subject was
learning this list of words in the morning, he made fifteen errors, that
is, he incorrectly anticlpated, or failed to anticipate fifteen words durw
ing the five trials, Fifteen errors is an average of three errors per
trial (i.es fifteen words divided by five trials). The average number of
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Table 2

Results of Morning Testing
Subjeot I

p—n

A ——

-

Sleep-presented material Average
Frequency of sleep presentations.ss 10 20 30 40
Trials t0 188INeecessccscossncesese 5 1L 6 9 7,75
Total noe Of 6rrorseecescscssscses 15 33 15 35 24,50
Average noe of errors per trial.se 3.00 3400 2,50 3,89 3.10
Non-sleep-presented material
Trials 10 168TNecesssscscccsssesss 5 8 5§ 5 5,75
Total noe Of GITOrBececccscsesccee 14 35 13 17 19,75
Average no, of errors per trial.se 2.80 438 2,60 3.40 3.29

——

errors is indicated in horisontal colum five,

Horigontal coluxms seven, eight and nine can be interpreted the
same a8 horizontal columns three, four and five respectively, except that
golumns seven, eight and nine contain figures which indicate the results
of morning testing for none-sleep presented material or for control matere
ial, while columns three, four and five represent results of morning test=
ing for experimsntal or gsleep presented material.

The extreme right vertical column in Table 2 represents the averw
ages par lists of words of the items in the horisontal columns., For exame
ple, Subject I averaged 7,75 trials per list to learn in the morning all




Table 3
Results of Morning Teating
Subject II

Sleep-presented material Average
Frequency of sleep presentation... 10 20 30 40
Trials t0 188IMessssssssccssccssce 5 8 9 6 7.0
Total no. Of OrTOrBecessssccesssss 19 27 35 23 26,00
Average no. of errors per trial... 3.80 3.38 3.89 3.83 3.72
Non-sleep-presented material
Trials t0 leAMMescssesssssccceeses 7 10 6 5 7400
Total noe Of @XrIOrSsececsescsesces 34 40 26 21 30425
Average no. of errors per trisless 4e86 4400 4e33 4020 4435

the material presented to him during sleep. The figures in the right verw-
tical column were obtained by adding each horigontal columm and dividing
by four, the number of experimental nights, or the number of control nights
in the case of columns seven, eight and nine.

Table 3 through Table 5 are the same as Table 2 except that the
figures in Table 3 through Table 5 indicate results of Subjects II, III,
and IV, while Table 2 indicates results of Subject I. Table 6 is similar
to Teble 2 through Table 5 except that Table 6 represents the results of
all subjects averaged together.




Table 4

Results of Morning Testing

Subject III

———
—

H

Sleep-presented material
Frequency of sleep presentation...

Trials to learMessescssssosssessss

Total no, Of BrIOrSessesssscccssss

Average no, of errors par trial...
Non=gleep~presented material

Trials t0 le8rNesssessccescsesscne

Total no, of OITOrSecessssssssssse

Average no, of 8rrors per trial.«+5.00 3.75 414 3.05 3.99

Average
10 20 0 40
260 11 12 12 14450
10 46 60 53 69.75
5027 4018 5,00 4add 4072

) 8 7 19 10,00
0 30 29 58 36475

Table 7 indicates the differences in trials required to learn
sleep-presented and nonwsleep-presented lists of material to the criterion
of one errorless repetition for all frequencies of sleep presentation.

The first horisontal column lists the subject whose results appear below
this colwm., The subsequent veritical columns indicate the lists that were
compared to each other at a given frequency. For example, Subject II had
either lList A or List B presented to him during sleep ten times, From
Table 1 on page 19 we can determine that List B was the sleep=presented

dist for this subject and that IList A was

the control list at ten frequen=




Table 5
Results of Morning Testing
Subject IV
Sleep~presented material Average

Frequency of sleep presentations.e 10 20 30 40

Trials t0 168IMecesssscscsssassses 9 6 5 4 6400
Total no, Of OITOrScesssceccsceees 29 21 9 9 17.00
Average noe of errors per trialece 3e22 3450 1480 2425 2469

Non-sleep-presented material

Trials t0 leBTNecssescsessesssssss 7 6 6 5 6440
Total nos Of @rTOrSecsssssescssces L 26 14 16 19425
Average no. of errors per trial.es 3400 3625 2,33 3,20 2,95

cles of sleep presentation. The number of trials necessary to learn ths
two lists of material was compared by subtracting the number of trials
necessary for learning the nonwsleepwpresented list from the number of
trials necessary to learn the sleepe-presented list (see Table 3) and the
difference was =2, The other vertical columns on Table 7 represent the
same differences between sleep and non-sleep-presented material for the
other frequencies of sleep presentation of material for this subject as
well as for the total subject population,

Table 8 represents the results of mathematiocal computation of




Table 6
Results of Morning Testing
Averages of All Subjects

|

Sleep-presented material Average
Frequency of sleep presentatioNe.e 10 20 30 40
Trials to learMecsssvcscsseccascss 10650 9,00 8400 7475 8,81
Total nos Of EITOrSeeccaccccrsecce 4575 3175 29475 30,00 34431
Average noa of errors per trialess 3482 3451 3,30 3,60 3.56
Nonesleep~presented material
Trials t0 16a8IMusesssceccsssssssse 0025 8450 6400 8450 731
Total Nnoe Of GITOIBesssccssssssces R4e75 32,75 .50 28,0 26450
Average no, of errors per trialeess 3491 3484 3435 3446 3464

the data in Table 7, and Table 10 gives the computation for Table 9. The
standard deviation, standard error of the mean, and t scores were found
for these data and wers obtainsd by using the formulas for obtaining a ¢
score or critical ratio for a tast of significance for amall samples

(66, pv 67)s The t scores wera compared to those in Fisher's table of t
(66, pe 69) to determine the probability of the value of t occurring on
the basis of chance,

Table 9 can be read in the same way as Table 7 except that cale
culations are based on average number of errors per trial while learning




Table 7

Differences in Trials Necessary to learn to Selected Criterion
Between Experimental and Control Lists of Material
for Various Frequencies of Sleep Presentation
for All Subjecta

SUbJeOt.serseceesccsescssesvcesvacacsssse I II TIII IV
Lists A-B

10 Frequencies of sleep presentationese 0 -2 17 2
ILists E«F

20 Frequencies of sleep presentationeeses 3 =2 3 «2
Iists CD

30 Fraquencies of sleep presentationsse 1 3 5 «l
Lists O=H

40 Frequencies of sleep presentationess 4 1 7 =1

material to the selected oriterion instead of on the number of trials nece
essary to reach the selected criterion of successful learning of material,
Table 10 differs from Table £ in the same way that Table 9 differs from
Table 7.

Interpretation. None of the eritical ratios obtained from statistical

manipulation of the data appearing in Tables 2 to 10 were statistically
significant at the five per cent level. The results were very slightly
positive favoring the sleep learning hypothesis on the basis of the number
of trials needed to learn a list of material, but the differences were so




Table 8
Differences Between Means, Standard Errors of Means, Standard
Deviations, and t scores for Experimental and Control

Situations for All Subjects for Number of Trials
Necaessary to Learn to Selected Criterion

W

Statisticeeccsssescccssssnsnnacsveccsess MD# SDit SEME b
Iists A~B
10 Frequencies of sleep presentation.. 425 8466 433 .98
ILists E-F
20 Frequencies of sleep presentationse +50 2488 l.44 35
Lists C«D
30 Frequencies of sleep presentation,. 2,00 2,58 1429 1455
Lists G=H
40 Frequencies of slsep presentationes =75 466 2,33 .3
#MD -~ Mean Difference
#5D -« Standard Deviation
#3EM~ Standard Error of the Mean

#s « + ascore

slight that they can be attributed to chance factors, and therefore the
conclusion that sleep presentation of material results in a decrease of
the number of trials needed to learn the material cannot be drawn.

The results were very slightly negative fawvoring the nonesleep=
presented material on the basis of the average number of errars per trial




Table 9

Differences in Average Number of Errors per Trial While Learning
Material to Selected Criterion Between Experimental and
Control Iists of Material for Various Frequencies
of Slesp Presentation for All Subjecte

—
e

Subjecteseescsssessssensssccessssnsosess I I III Iv
Lists A-B

10 Frequencies of sleep presentationss «20 =106 .27 ,22
Lists E=F

20 Frequencies of sleep presentationeswle38 « 62 - 43 .25
1ists C-D

30 Frequencies of sleep presentationye= +10 o o44 86 =.53
Lists GeH

40 Frequencies of sleep presentationss 49 = 37 1e36 =95

33

— —— — — |
—— A = ——

while learning the material, but the results are so insignificant that it
cannot be concluded that sleep presentation of material hinders learning.
Therefore, the results of this experiment indicate that under

be demonstrated,
The results of this study tend to confirm the results of the

the circumstances of this experiment, the sleep learning hypothesis cannot

study performed by Stampfl (67) and add experimental evidence to Stampfl's

conclusion that the sleep learning hypothesis is a doubtful one (67, p. 31).




Table 10

Differences Between Means, Standard Errors of Means, Standard Do
viations, and t scores for Experimental and Control Situaw
tions for All Subjects for Average Errore per Trial
While Learning Material to Selected Criterion

StatistiCeeesscenresrerrreertencsnveceas MD¥ SD# SEME tg#
Lists A-B
10 Frequencies of sleep presentation,s o090 463 432 28
Lists E-F
20 Frequencies of sleep presentationes =33 86 43 38
Ligsts C=D
30 Frequencies of sleep presentatione, =e06 464 432, .17
Ligts OwH
40 Frequencies of sleep presentatioNes +13 +98 449 428
#MD - Mean Difference
#3D - Standard Deviation
#8EM - Standard Error of the Mean

#s - t score

of Stampfl except that Stampfl used nonsense syllables as sleep and test
material and in this experiment one syllable meaningful words were used
as sleep and testing raterial,

As 1t seems likely that meaningful material would be more apt to
eliclit positive results if sleep learning were a fact, the similarity of

e et et ettt et e |
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these results to Stampfl's offers substantial evidence as to the accuracy
of Stampfl's results. However, in spite of the close agreement between
this and Stampfl's results, the highly positive results of Charles Elliott
{17) which favored the sleep learning hypothesis must be explained in some
WaYs

One difference between Elliott'!s study and Stampflts study is
the choice of material used, Elliott used three letter, meaningful words,
not meaningfully comnected, Stampfl used nonsense syllables. However,
the present experimental design utiliged meaningful words of one syllable,
not meaningfully comnected, and, therefore, the material used in this
present experiment is more similar to Elliott's material than it is to
Stampfl's material, and, subsequently, one would expect on this basis
that the results would be closer to those obtained by Elliott than to
the results obtained Ly Stampfl, This was not the case, and, therefore,
it is concluded that the difference in material used during the experiw
ment does not account for the difference in results among the studies,.

Another difference between Ellioti's study and the present one
is the oconditioning period to which the subjects were required to submit
before the experiment proper., Elliott used two groups of twenty subjects
per groups There were twenty experimental subjects and twenty subjects
served as controls. Thus, the subjects did not act as their own controls,
and this factor may be responsible for the difference in the results bow
tween the two studies.

Elliott used an EEG machine to determine the depth of slesp of
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his subjectas The present study did not control the depth of sleep. It
may be that subjects in the present study were in a deeper sitate of sleep
than Elliott's subjects, and, therefore, it mey be that subjects can
learn while in a lighter state of sleep than subjects of this present exe
periment were experiencing while being presented sleep material., Elliw
ott's subjects may have actually learned material while asleep but they
may have been in a light state of sleep.

Although Elliott used an EEG machine to determine the depth of
sleep, he did not have the machine turned on during the entire period of
presentation of sleep material to his subjects, In view of the fact that
the subjects received only one night of conditioning to sleeping in strange
surroundings with electrical apparatus attached to their heads, it does
peem possible that some of the subjects may have been awake during part of
the presentation of sleep material. If this was true, some of the experie
mental subjects received a premature presentation of the material while
awake, This fact alone could account for the differences in results be=
tween Ellioti's study and the present study, and between Elllott's study
and Stampfl!s studye

There seems to be some question of the valldity of Elliott!'s
results based on the questions of procedure and experimental design, and
the present writer agrees with Stampfl who says, ". « « there appears to
be rational grounds for questioning Elliott's results" (67, pe 34), and
the results of the present study offer further evidence that the sleep
learning hypothesis is a doubtful one, at least under conditions such




as were posited for this experiment.




Chapter V
Summary and Conclusions

Sleep has been discussed and written about as long as man has re-
ported on paper the results of his thinking and observation., Nevertheless,
“at this time relatively little is lmown about the nature of sleep and about
the effesct of the biological and psychical processes present during sleep
on conscious and unconscious behavior. However, within recent years it has
been determined that there is cortical activity going on during the entire
1ife processes of man, It is assumed by many, held as a fact by some, and
questioned by few, that this is the same type of ocortical activity during
sleoep as is present during waking activities. It is a fact that many bioe
loglieal processes continue during sleep but at a lower rate than during
the waking hours and that they produce thelr effects, however. slightly,
at all times,

Learning theorists agree that some neural activity ls necessary
for learning to occur. There is a dispute as to whether this neural actie
vity must be cortical and if it is a cause of, a result of, or merely cone
copdtant with learning. However, it is reasonable to assume that if elec-
trochemical neural activity within the brain cells is present during sleep,
that the concomitant processes should be present in some degree. There-
fore, it is a possibvility that some learning does take place during sleep,

Introspection would lead us to congider the possibility of sleep
learning, The experiences. of people indicate that there is sleep learning.

38
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It must, of course, be realized that these peopls are attributing to sleep
leaminé something that may be explainable by other causes.

However, in spite of the vagueness and the difficulty of study-
ing this problem, reputable scientists have acclaimed sleep learning as
fact. Mechanical devices are being marketed as aids to slsep learning,

It is, therefore, of serious importance to determins if sleep learning is
a fact, If this fact can be determined, we can then attempt to deviase
some uses for this phenomena and explore it for the benefit of society,
The implications for academic learning are obvious. More subtle, perhaps,
is the poasible use of sleep lsarning in a therapeutic situation, It may
be possible to gain access to unconscious material by working directly
with a subject in a non-conscious state, Therapsutic results might be
startling and revolutionary if scientists could devise some way of gaine
ing access, or of gaining contact with a subject who is not utilizing cone
scious defenses of the waking state, But before these things can be stude
ied, 1t must first be determined if sleep learning can take place, Bew
cause of the difficulty of studying such a phenomena, it is necessary to
isolate a small segment of the problem and determine if under given oire
oumstances sleep learning can be demonstrated,

The literature on sleep lsarning offers no conclusive evidence
either for or against the sleep learning hypothesias. Of four studies pere
formsd on sleep learning, the results of two are pogltive and the results
of two are slightly negative, In only one of the studies were the results
highly positive (17). In the other study that was positive, the results




were only slightly thus (21)., The purpose of this study was to test tie
hypothésis that sleep learning is possible and that it can be demonstrated
by testing subjects using the anticipation method of serial reproduction of
lists of meaningful material. It was a further purpose of this study to dee
termine if the frequency of repetition of presentation of sleep material
affected retention. If sleep learning camnot be demonstrated, discussion
of frequency of repetition becomss meaningless becaus of its dependence

on sleep learning. Four subjects were used in this experiment. These
subjects were presented lists of ten one syllable words while they were
sleseping, The lists were presented to them in a varying number of repeti-
tions and in a varying order, Each subject received four different free
quencies of repetition of sleep material and each subject participated in
the experiment on four control nights during which he was presented no ma=
terial during sleep. On any given night half of the subjects were presen-
ted sleep material and half were not. The morning following each experie
mental evening, all subjects were required to learn a list of meaningful
one syllable words which half of the subjects had been presented the pre-
vious evening, No significant results were obtained from statistical man-
ipulation of the data of this expsriment. The results computed on the ba=
sis of a comparison of number of trials to lsarn the material, slightly
favored the sleep learning hypothesis. However, the differences were so
slight that chance alome could account for them, On the basis of average
number of errors per trial while learning the material, slightly negative
results in favor of the hypothesis that presentation of sleep material
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interferes with lsarning were obtained, but, again the results could have
been to chance factors.

As a result of this study, the hypothesis that under a given set
of circumstances retention can be facilitated by presentation of material
to be learmed during sleep, has not been demonstrated by the anticipation
method of serisl reproduction, Therefore, discussion of the effect of fre-
quency of repetition on the retention of auditory material presented during
sleep becomes meaningless in terms of the results of this study.

If our method of testing failed to indicate sleep lsarning, it
cannot be concluded that sleep leaming is not possible, It may be that
other methods of presenting sleep material, or other methods of testing for
retention, or the utilization of other types of material during the experie
ment may indicate sleep learning to the degres that statistically signifi-
cant positive results can be obtained, It is, therefore, important that
this problem be studied further by different methods and with different
material, Because of the implications of the sleep learning question, it
is lmportant to study the problem under as many different aspects and cone
ditions and by as many methods as possible, before it is concluded that
sleep learning is not a fact.




Appendix
A
Lists of Meaningful Words Used During Experiment

I1ist A Iist B List C List D
food cat tomn dog
ball sound chalk class
dish park boat home
tooth moon fan aye
friend bird stone plane
light grass rat dance
man bed pen noun
belt foot girl ring
sum sky mask cake
drink face Jjob barn
list B Iist F list G Iist H
floor ocup crank nogse
coat head gtove cab
wheat pal gun boy
cap flea mat £it
nolise shoe pen path
pot queen love trunk
cow beard goal wall
desk rag horse crown
toy tie plan hat
race car door cause
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B
Pilot Studies to Determine the Advisability of a Method to be
Used in Further Study of the Sleep learning Problem
Because of the possible effect of the mesthod of lsarning and of

the type of material used for experimentation on the results obtained from
experimentation, it was decided to run pilot studles utilizing different
types of material and different methods of morning testing than used in the
experiment proper in order to indlcate the advisability of an experimental
design to be used in further research on the sleep learning problem,

Pilot Study One. Four subjects were used for this pilot study. They were

the same subjects who had been presented the experimental procedure dee
scribed in the previous pages of this paper and therefore they were, at

~ this time, aware of the nature of the experiment, The subjects were given
& list of ten words in sleep to a frequency of thirty repetitions. The
next morning the list of sleep words was presented to the subjects after a
different list of words and before another different list by means of the
headphones to which they had become accuatomed. That is, there were ten
words which had not been sleep presented followed by the ten sleep presenw
ted words, and these sleep presented words were followed by ten more non-
gleep presented words. The subject was unaware that all ten sleep presenw
ted words appeared in order, The task of the subjects was to identify the
sleep presented words by guessing "yes® or "no® after they heard each word
presented by means of the headphones, Three subjects guessed no sleep

words correctly, one subject guessed ons sleep word correctly, and one sube
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Ject guessed two sleep presented words correctly. These results were not
statistically significant and it is concluded that this type of experimente
al design would probably not facilitate the demonstration of sleep learn-
ing, even if sleep learning were a fact.

Pilot Study Two, Eight subjects were used for this pilot study. Each of

the eight subjects was presented a list of elght nonsense syllables togeth=
er with a meaningful word, The order of sleep presentation was varied ten
different ways. Each set of ten variations of the list was presented three
times, so the subjects received a total sleep presentation of the list of
nonsense syllables together with the associative words thirty times, Each
time the same word appeared with the same nonsense syllsble, but in a dife
ferent list placement from the previous placemant. The subjects were ree
quired in the morning to learn by the antlcipation method which meaningful
word want with which nonsense syllable. Subjects were not required to
learn the lists, Sucoess was measured by the correct association of the
meaningful word after the nonsense syllable had been presented. The heade
phones method of presentation used in the experiment described in the pre-
vious pages of this paper was used for the morning testing situation. In
the morning the nonsense syllable was pronounced through the headphones,
from the wire recorder, The subject was allowed six seconds to correctly
anticipate the meaningful words If he did not correctly anticipate the
meaningful word that went with the nonsense syllable, the recorder proe
vided the answer and the subject was scored an error.

The eight subjects used for this pilot study had not been cone
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ditioned for the experiment and had never taken part in a learning experi-
ment of this type. This fact alone makes the accuracy of the results quese
tionable and the results must be interpreted only speculatively.

The critical ratio was obtained from a comparison of the number
of trials needed to correctly learn the list of material that had been sleep
presented with the number of trials necessary to correctly learn the list of
material that had not been sleep presented. The lists on pages 46 and 47
show the sleep list and the nonwsleep list and the order of recording and
presentation to the subject, IList 1 was sleep presented to four subjects
and not sleep pregented to four subjects, IList 2 was sleep presented to
the four subjects to whom List 1 had been sleep presented, and for these
subjects, list 1 acted as the control, or, nonwsleep presented list. For
the first four subjects, List 2 served as the control list., Both lists
contained nonsense syllables that were equal in association value accorde
ing to Glage's list from which they were obtained (27).

Thus, four subjects received thirty sleep presentations of Iist 1
during sleep and four subjects received thirty sleep presentations of List 2
during slsep. All subjects were tested on both lists the following morning.
One half of the subjects were tested on the sleep presented list first and
one half of the subjects were tested on the non-sleep presented list first.
The t scores were obtained for a comparison of the number of trials requiiw
ed to learn the lists, Ths t score was l.48 and was statistically non sigw
nificant at five degrees of freedom according to Fisher's table of ¢ scores
(66, ps 69)e




Nonsense Syllables and Associated Words in Order

of Sleep and Morning Testing Presentation

First
Presentation

gex - dog
20y - wall
byJ = nose
heg « queen
saj - ring
wug - ocake
me¢ - barn
yus « head

Sixth
Presentation

yug - head
wug - cake
sa) - ring
heg « queen
meC « barm
gex - dog
by) - nose
80y - wall

Second
Presentation

by3 -~ nose
saj ~ ring
mec « barn
wug - cake
gex - dog
yuz - head
zoy -~ wall
heg - queen

Iiast 1

Third
Presentation

yug - head
heg = queen
wug ~ cake
gex - dog
byj -~ nose
sa] -« ring
zoy - wall
mo -~ barn

Eighth
Presentation

heg « queen
mec - barn
aoy-mll
yug «~ head
wug - cake
by - nose
saj - ring
gex - dog

Fourth
Presentation

wug - ocake
heg = queen
yus - head
tyJ - nose
nec - barn
gex - dog
saj - ring
goy - wall

Ninth
Presentation

wug - cake
yus - head
heg « queen
20y - wall
mec - barn
sa) - ring
gex - dog
byj - nose

Fifth
Presentation

meo - barn
sa) - ring
yuz - lead
g0y - wall
gex - dog
byJ - nose
wug - ocake
heg -« queen

Tenth
Presentation

yus - head
g0y - wall
saj - ring
heg « queen
mac - bam
wug -~ cake
by) - nose
gex - dog




Nonsense Sxmbles and Asgociated Words in Order

of Sleep and Morning Testing Presentation

First
Pregsentation

yab - tie
koj « hand
yop « word
syg -~ play
sur - whaat
3iv « dance
ged - bug
dax « school

Sixth
Presentation

gur - whaat
yop - word
yab - tie
koj - hand
dax - school
ged - bug
Ji’? - dance
8yg - play

Seventh
Presentation

yab - tie
syg - play
Jiv - dance
dax « school
ged - bug
yop - word
koj} - hand
gur - wheat

List 2

Third
Pregsentation

syg - play
gur - wheat
koj = hand
yab - tle
jiv « dance
ged - bug
yop = word
dax - school

Eighth
Presentation

ged « bug
yop = word
zur - wheat
Jiv - dance
dax « school
yab - tie
koj - hand
gyg - play

Fourth
Presentation

yop - word
gad-‘mg
dax - school
8yg - play
koj -~ hand
zur - wheat
Jiv - dance
yab - tie

Ninth
Presentation

Jiv - dance
gyg - play
yab - tie
ged - bug
zur - wheat
dax - school
yop - word
koj - hand

Fifth
Presentation

yab « tie
jiv - dance
yop - word
zyg - play
zur - wheat
dax - school
ged -« bug
ko) - hand

Tenth
Presentation

dax - school
koJj ~ hand
ged - bug
syg8 -~ play
yop - word
jiv -~ dance
sur - wheat
yub - tie
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The results of this pilot study indicate that sleep learning prob-
ably cannot be demonstrated utilising this method of procedure and the re-
sults offer further evidence that the sleep learning hypothesis is a doubt~
ful one., However, these results are not experimentally accurate because of
the lack of conditioning, and can, thayrefora, be questioned regarding their
rellability and validitye.
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