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ABSTRACT

Chapter 1 serves as an introduction to the thesis. This chapter
suggests: 1) there is considerable evidence connecting memory and
protein synthesis; 2) there is growing evidence that sleep is a time
for enhanced protein synthesis; and 3) there are reasonable grounds to
suppose that sleep should have a beneficial effect on human memory.

Chapter 2 explains why much of the evidence supporting the
connection between sleep and memory is confounded by the effects of
circadian rhythms. It also provides much of the evidence which
suggests that sleep may enhance the overall rate of protein synthesis.

Chapter 3 gives evidence, derived from the use of electroconvul¬
sive shock in animals, which suggests that the period in which
consolidation is thought to occur is unclear. It also reviews the
evidence which suggests that in animals sleep and memory are related.
Further, it reviews the effects protein synthesis inhibitors have on
memory. Anisomycin is selected for a detailed review.

Chapter L reviews all available data on the effects sleep has on
human memory. This chapter concludes that there is no clear evidence
to show that sleep has any effect on long-term retention.

Chapter 5 describes two experiments which show that sleep, 16
hours after learning, causes a beneficial effect on the retention of
nonsense syllables.

Chapter 6 describes one experiment which shows that a list of
words will not be favoured by sleep 16 hours after learning.

Chapter 7 describes two experiments. The first shows that sleeps
up to the end of the first Rapid Movement (REM) period may not
affect memory. The second shows that 3-6 hours sleep is necessary
for the improvement in memory described in Chapter 5.

Chapter 8 describes two experiments. The first shows that
doxycycline (a presumed cerebral protein synthesis inhibitor) combined
with REM sleep deprivation clearly impairs the nocturnal memory of
sentences, and that doxycycline combined with 15 minutes REM also
causes some impairment. The second experiment shows that daytime
administration of doxycycline does not appear to affect the memory of
nonsense syllables, and further, that sleep 40 hours after learning
does not appear to affect that memory.

Chapter 9 serves as a conclusion to the thesis.
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CHAPTER 1

MEMORY AND SLEEP

Introduction

It is the aim of this thesis to consider the proposition that

sleep has a beneficial effect on verbal long-term memory. The under¬

lying theory is straightforward. A considerable body of work has

directed attention to the relationship between protein synthesis and

memory and it is clear that proteins could provide a durable struc¬

tural base for long-term memory. It is also becoming increasingly

clear that sleep is a time during which protein synthetic mechanisms

may be enhanced. If these two relationships are correct then it would

not be surprising to find that sleep has a beneficial effect on

memory.

It will be argued that until now there has been no really convin¬

cing evidence that sleep does benefit memory and experimental evidence

will be provided that strongly suggests that sleep does indeed enhance

human verbal memory. There will also be experimental attempts at

defining whether all aspects of human verbal memory are enhanced, as

the underlying hypothesis would suggest, or whether only some aspects

are benefited. I will also attempt to determine whether a whole

night's sleep is important or whether any particular component of a

night's sleep is important. There will also be an attempt at linking

all three parts of the hypothesis, namely sleep, memory and protein

synthesis.

There is a wide body of data which associates memory with

protein synthesis. This thesis will concentrate on only part of this



data, namely the literature concerned with memory and protein synthesis

inhibitors. Other pertinent data will be excluded. This exclusion

does not imply that this other data is unimportant. The reason that

it is excluded is because the data available is voluminous and to

analyse adequately and discuss it fully would require a large and

ponderous thesis. It is not my conscious intention to add substan¬

tial weight to By readers' brief-cases. Protein synthesis inhibitors

are included for they form a link between protein synthesis and

memory. They are also included because doxycycllne (a tetracycline

and a presumed inhibitor) is used in my experiments. It is thus

directly relevant to the thesis to analyse and discuss the literature

on protein synthesis inhibitors. The reader is directed to reviews

and discussions of the excluded literature which concerns itself with

finding the biochemical correlates (including proteins) of learning

and memory! Agranoff, 1972; Domagh, 1972; Dunn, Brogan, Sntingh,

Entingh, Gispen, Machlus, Perumal and Rees, 1974} Dunn, 1976; Entingh,

Dunn, Glassman, Wilson, Hogan and Damstra, 1975; Glassman, 1974;

Hyden, 1977; Jakoubek, 1974; Rose, Hambley and Haywood, 1976; Ungar,

1974.

Experiments that indicate connections between cholinergic or

catecholaminergic or ser otoninergic mechanisms and memory will also

be excluded, I am not convinced that any one system will specifically

and solely be linked with memory functioning. More likely all the

systems are involved.

The rest of this chapter will concern itself first with some of

the terms used in this thesis. This will be followed by a brief

mention of the problems with the research. The chapter will end by

describing the outline of the thesis.



SgBg terms

The term "memory" is used in two senses. When talking about

"a memory" reference is being made to the brain change that results

from learning. This brain change, the memory trace, or engram, is

the hypothetical and mainly unobservable product of experience which

normally has to be inferred from performance, Memory can also refer

to the dynamic processes that are involved in the storing and

retrieving of the memory trace.
y

Kohler (194-7) and Melton (1963), are two modern writers who

promoted the distinction between acquisition, retention (storage) and

retrieval processes in memory. If a subject is asked to learn some

list and is later asked to recall it and does so successfully, there

is no problem. A memory trace must have been formed, stored and

retrieved successfully. The problem arises when the subject is unable

to recall the list. Recall may not be possible because:

1) The list might not have been acquired properly, so
there is nothing to retain or retrieve.

2) The list may have been adequately acquired but was
lost from storage (forgotten), so there is nothing
to retrieve.

3) The list may have been acquired and stored but was,
for some reason, inaccessible at the time of ret¬
rieval.

Tulving and Pearlstone (1966) introduced the distinction between

"availability" of information in memory and "accessibility" of that

information. Their experiments, put simply, used groups of subjects

who were shown to have acquired and probably stored information about

a list to the same degree. At the time of recall some groups had to

recall the list freely, and the other groups were given cues before

recalling. The cued groups recalled a lot more than the un-cued



groups. This indicated that although the information available in

storage between the two groups was probably the same, the accessibility

of that information was different between the groups. The experiment

reinforces the idea that one cannot determine from observed performance

what is stored, only what can be recalled under the prevailing ret¬

rieval conditions.

If a subject hears or sees a list once, does he instantaneously

form a permanent and durable memory trace? As the subject is a bio¬

physical system and most processes in biophysical systems appear to

take time, it would seem unlikely for a permanent trace to be formed

immediately. Yet if the subject is asked to repeat back a list immed¬

iately after hearing, he obviously can. Is the memory trace he is

using to echo the list the same trace that he would use the next day?

For a long time (e.g. William James, 1390) the answer has been no. It

has been generally held that there are at least two processes: one that

is some sort of temporary holding mechanism (the "short-term store",

where the "short-term trace" is found), and another that 13 a permanent

holding mechanism (the "long-term store", where the "long-term trace"

may be found). Since the late 194-0's there has been much theoretical

and experimental effort in trying to determine the characteristics of

these two mechanisms and traces.

If a subject is read a list of digits and is then asked to

recite them back immediately, this is taken to be different from

reciting back the list a few seconds later. This operational distin¬

ction is often found in the literature dealing with human verbal

memory (Norman, 1976j Peterson, 1977). No such distinction is found

in the literature concerning itself with animal memory, probably

because it is not possible to get an animal to display recall immed-



lately after learning (McGaugh, 1966). This raises a difficulty if

one shifts backwards and forwards through both types of literature,

for on the one hand, one is faced with two memory systems and on the

other hand, one is faced with only one, I shall handle this problem

dogmatically, collapsing the distinction between "immediate" and

"short-term" memory and using both terms interchangeably.

The terms "short-term memory" and "long-term memory" will also

be U3ed and are equivalent to the terms temporary and permanent hold¬

ing mechanisms used above. I shall define the terras almost arbitrar¬

ily. Short-term will be regarded a3 zero to two hours and long-term

from zero to infinity, the starting point being the time learning

begins.

If memory is based upon some protein substrate, then the

existence of two such holding mechanisms is necessary. The difficulty

is the determination of the two life spans. It is possible to do some

simple calculations, bearing in mind that they could be completely

misleading. Taking an extreme case, if a memory were to reside on one

moderately sized protein of say 100 - 1000 amino acids (the molecular

weight ranging from 10,000 to 100,000) and knowing that, for mammalian

cells, it is estimated by some that 100 mSec is required for the

addition of one amino acid to a polypeptide chart (Hunt, Hunter and

Monro, 1969), then it would take 10 - 100 Sec to form such proteins.

So our temporary holding mechanism would have to hold information for

at least this length of time. What if the protein is manufactured in

the cell body? If one takes a neurone of say 0.5 mm length and the

value of 40 mm/day for the rate of fast axoplasmic flow (McBwen and

Grafstein, 1968), then it would take about 19 minutes from the



initiation of production to delivery of the product. So the temporary

holding mechanism would have to work for at least 19 minutes and the

permanent holding mechanism could not begin to function until after

19 minutes. Clearly, one can take figures and play around all day

with them and the results may all be misleading. For example, a

short quotation from Gomulicki (1953)»

"It was estimated by Albrecht von HaHer (1708-1777) that
one-third of a second was required to produce an idea} on
the basis of this estimate allowing time for sleep, etc,
others have computed that in fifty years an individual
would accumulate some 1,577,800,000 traces representing
205,5-42 traces per gram of 'medullary substance'",

One frequently encountered term will be the "nonsense syllable",

Ebbinghaus (1885) was the first to devise nonsense syllables. Non¬

sense syllables are triplets of letters (trigrams) that are meaningless

and cannot readily be associated with common words. They are easily

made up. If a name such as Idzikowski is chosen, it will readily be

found that there are some nonsense syllables within the name. If a

consonant-vowel-consonant nonsense syllable is needed the third to

fifth letters, ZIK, or the fifth to seventh letters, K0W, could be

used. Unfortunately, associations could be made up for these, for ZIK

can be made to sound "sick" and K0W readily becomes "cow". However,

if the third, fourth and seventh letters are chosen, ZIW, then a

better nontense syllable lias been found. Archer (i960) has evaluated

the meaningfulness of all consonant-vowel-consonant trigrams by com¬

paring analyses of the past and an experiment of his own. Generally

what is done is that a large body of subjects are given a list of

trigrams and they have to write as many associations to the triplets

a3 possible within a given time period. Large numbers of associations

are reckoned to mean that a meaningful triplet has been presented,



whereas low numbers indicate a meaningless triplet.

In humans, the electrophysiological characteristics of sleep are

clear. A standard scoring system for these characteristics

(Rechtschaffen and Kales, 1968) has been in use for some time. Nor¬

mally the brain's electrical activity or electroenephalographic (EEG)

activity is measured by a minimum of two electrodes placed, for

example, on the scalp at the back of the head, one near the occiput

and the other about 6 cms anterior. Eye movement activity is often

measured by four electrodes, two for each eye. One electrode is

placed approximately one cm above and slightly lateral to the outer

canthus on one eye and a reference electrode over the mastoid.

Electro-oculography (SOG) is possible because eyes have an electrical

potential difference between the retina and cornea of the eyeball.

ELectronyography (EMG) is the measurement of the electrical activity

of muscle. Two electrodes beneath the chin are usually used in sleep

studies (Figure 1.1). It is necessary to record the EEG, BOG and EMG

to be able to classify the following stages*

Stage W - Wakefulness, the EEG contains alpha activity
(8-12 cycles per second, or cps) and or low
voltage, mixed frequency activity (Figure 1,2),

Stage 1 - Relatively low voltage, mixed frequency EEG
without rapid eye movements (REMs).

State 2 - 12 - 14 cps (sleep spindles) on a background of
relatively low voltage, mixed frequency EEG
activity.

Stage 3 - Moderate amounts of high amplitude, slow wave
EEG activity.

Stage 4 « large amounts of high amplitude, slow wave EEG
activity (Figure 1.3).

Stage R34 - A relatively low voltage, mixed frequency EEG
in conjunction with episodic REMs and low amp¬
litude EMG (Figure 1.4).

The description of each stage gives only the predominant

features. Slow wave sleep (SWS) is Stages 3 and 4 added together.
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Earth

Upper EOG

Lower EOG

Sub mental EMG

Figure 1.1
Electrode Placements
for Polygraphic
Recording of Sleep

EOG

EOG

EOG-EEG

EEG

EMG

D

c

Figure 1.2 Stage W. A = Eye blinks, B = Alpha, C = High muscle tone



Figure 1.3 Stage 4.

EOG-EEG

EEG

Figure 1.4. Stage REM. A = Rapid eye movements, B = Lou voltage
mixed frequency EEG, C = Saw-tooth waves, D = Low muscle
tone.
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Non-REM (NREM) sleep ia Stages lf 2, 3 and 4 added together. Unfor¬

tunately all the stages have other names but most are now used

Infrequently, The only one that still appears frequently is "para¬

doxical" sleep. This is the same as stage REM. For the purposes of

this thesis, the above nomenclature will be used except that "REM"

will mean stage REM. If rapid eye movements are mentioned they will

be referred to as rapid eye movements.

Sleep displays a "fir3t-night effect" at a sleep laboratory.

The first night a subject sleeps in the laboratory he spends more

time awake, has a lower amount of REM and a longer latency to the

first REM period, compared to subsequent nights (Agnew, Webb and

Williams, 1966} Mendels and Hawkins, 1967} Sehmitt and Kaebling, 1971).

This disturbed sleep pattern is thought to arise from anxiety induced

by the experimental surroundings and presumably the discomfort (which

dissipates rapidly) of wearing electrodes.

Circadian rhythms will be defined as oscillatory events that

have a period of about 24 hours. Ultradian rhythms are also oscil¬

latory patterns that have a period of under 24 hours.

Two abbreviations will be used throughout the thesis, "h" will

be a shortening of hour or hours, and "min" will be a shortening of

minute or minutes. Any other abreviationa will be explained as they

come.

Practical Problems

For those not experienced in sleep or longi-term memory research,

it may be useful to point out that in both these fields experiments

take a long time to perform. Whereas a short-term memory experiment
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Involving 60 subjects and retention interval of 10 seconds takes

10 days to perform (assuming a control for any time of day variation

is included), a similar long-term memoiy experiment might take as long

as two months*

More stringent financial controls are also applied to both sleep

and long-term memory experiments. Subjects need reasonable monetary

rewards to ensure that they either arrive at a laboratory when they

are needed or to persuade them that wearing nine electrodes on the

head is indeed not harmful and will not particularly interfere with

them getting a good night*s sleep.

Outine

Chapter 2 provides the evidence which indicates that sleep

enhances protein synthesis. It also describes how circadian rhythms,

in both psychological and biological variables, may confound the inter¬

pretation of some sleep and memory ex periaents.

Chapter 3 provides evidence derived from experiments using

Electroconvulsive shock, which suggests that consolidation time is

dependent on a number of variables. Further, it will discuss the

effects of sleep on animal memory. Also, Chapter 3 reviews some of

the evidence that shows that cerebral protein synthesis inhibitors

are detrimental to memory.

Chapter 4 reviews the human sleep and memory literature.

Chapters 5 to 8 contain my experiments. Chapter 5 shows that

sleep improves verbal long-term memory.

Chapter 6 shows that sleep may not affect all verbal long-term

memoiy.

Chapter 7 shows how much sleep is necessary before sleep affects



recall of nonsense syllables*

Chapter 8 shows how doxyeyeline, a presumed cerebral protein

synthesis inhibitor, is detrimental to the memory of a sentence.

Chapter 9 concludes the thesis.
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CHAPTER 2

SLEEP jfflp CffiCAD1AM ffffTHMS

Introduction

This chapter will describe the evidence which suggests that

sleep is a time for enhanced protein synthesis. A3 my own experimen¬

tal work deals solely with humans, I will mainly provide evidence

which has been gained with human subjects. When necessary I will

refer to mammalian experimental evidence and on the whole I will not

resort, unless I have to, to evidence gained from infra,mammalian

species.

I will describe how the secretion of some hormones varies diur-

nally and how this variation may be either sleep-dependent or sleep-

independent. I will discuss the importance of considering what

actions these hormones may have on protein synthesis and thus memory}

and I will also show how these cyclical variations may confound some

human sleep and memory experiments.

Further, I will display some of the evidence which shows that

human performance (including memory) may vary diurnal 1y and, again,

how tills may confound sleep and memory experiments.

s]iQep

Early theories concerned with the function of sleep have been

discussed by Kleitmaa (1972). At present, there are two main theories.

One theoiy proposes that sleep is an adaptive response to the environ¬

ment (Meddis, 1975} Webb, 1974-). The other theory proposes that sleep
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is a time for tissue restoration (Adam and Oswald, 1977; Oswald, 1969,

1970, 1973, 1976; West, 1969). These two theories are not mutually-

exclusive. Sleep may well serve the function of maintaining immobil¬

ity in a riw»ls (when immobility is the optimal behavioural stratagem)
but there is no reason why there should not be simultaneous tissue

restoration. I will concentrate on sleep's restorative role in

mammals.

There is a lot of indirect evidence which shows that sleep may

be associated with anabolic activity. During early ontogeny, when

synthetic processes would be expected to exceed degradativo processes,

sleep (containing a high proportion of REM) takes up a great deal of

the day (Johnson and Seliger, 1971; Miller, 1969; Roffwarg, Muzio and

Dement, 1966). Children of short stature grow only one-third as fast

at times of poor sleep as good (Wolff and Money, 1973). With advanc¬

ing age, the proportion of time spent in REM and sleep time as a whole

decreases (Feinberg, 1968; Feinberg and Carlson, 1968).
The recovery period following drug abuse, when brain restorative

processes might be expected, is associated with a large increase in

the amount of REM (Haider and Oswald, 1970; Jarlstedt, 1972; Khazan

and Colasanti, 1972; Oswald, 1969; Lewis, Oswald, Evans, Akindele and

Thomsett, 1970).

After exercise, which relies on catabolic processes, there would

need to be a compensatory increase in anabolic processes. Sxrtra

exercise leads cats and athletes to have more 3WS (Baekeland and

Lasky, 1966; Hobson, 1968; Kaloletnev and Telia, 1975; Shapiro,

Griesel, Bartel and Jooste, 1975? Zloty, Burdick and Adamson, 1973).

Subjects who have been confined to bed for five weeks exhibit more SWS

on resumption of normal activity (flyback and Lewis, 1971).



Unfortunately, there is some dispute as to whether there is an

increase in SWS in non-athletic human subjects (Brovman and Tepas,
y

1976} Hauri, 1963} Home and Porter, 1975 > 1976} Zir, Smith and

Parker, 1971). However, strenuous exercise over a long period of time

may produce greater increases in SWS than moderate exercise in a relat¬

ively short period of time.

Moses, Lubin, Naitoh and Johnson (1977) have shown that moderate

exercise in non-athletic humans increases the effects of sleep loss

(mentioned below) on recovery sleep.

In non-athletic humans extra exercise also leads to increased

nocturnal secretion of growth hormone (Adamson, Hunter, Ogunremi}

Oswald and Percy-iRobb, 1974). This hormone has been shown to Increase

the rate of protein and RNA synthesis (Korner, 1965). Although human

growth hormone displays a cireadian pattern in its secretion, it is

well established that this pattern is sleep-dependent. In fact,

growth hormone secretion in humans is dependent on SWS I no SWS, no

large nocturnal secretion (Honda, Takahashi, Takahaehi, Azunie, Irie,

Sakuma, Tsushima and Shizume, 1969} Sassin, Parker, Johnson, Rossman,

Mace and Gotlin, 1969} Sassin, Parker, Mace, Gotlin, Johnson and

Rossman, 1969} Schnure, Raskin and Lipman, 1971} Takahashi, Kipnis and

Daughaday, 1968). Similarly, baboons show a sleep-related release of

growth hormone (Parker, Morishim, Koerker, Gale and Goodner, 1972),
Not all mammalian species show this sleep-related release.

Rhesus monkeys and dogs do not (Jacoby, Sassin, Greenstein and

Weitzman, 1974} Quabbe, Gregor, Bumke-Vogy, JJckhof, Bolocheid and

Schoppenhorat, 1978} Takahashi, Takahashi, Takahashi and Honda, 1974).

However, augmented release can be induced in both these species in the

recovery 3leep found after sleep-deprivation (Jacoby, Smith, Sassin,
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Greenstein and Weitzman, 1975? Takahashi et al, 1974-).

Acute and chronic starvation lead to an increase in both SWS and

growth hormone (Karacan, Rosenbloora, Londono, Sallis, Thornby and

Williams, 1973? MacFayden, Oswald and Lewis, 1973? Parker, Rossman and

Vanderlaan, 1972). Starvation presumably causes more degradation to

occur during the day than normal. Hence synthetic processes must be

enhanced during the night to make up for the losses.

Hyperthyroidism increases the demands on tissue reserves. This

condition is associated with greatly increased amounts of SWS and

possibly growth hormone secretion (Dunleavy, Oswald, Brown and Strong,

1974)• Hypothyroidism, on the other hand, is associated with low

amounts of SWS, which return to normal levels on treatment (Kales,

Heuser, Jacobson, Kales, Hanley, Zweizig and Poison, 1967). When loss

of weight is Induced by the anorectic drug, fenfluramine, there is an

increase of SWS (Lewis, Oswald and Dunleavy, 1971) and there can be

increase of nocturnal growth hormone (Dunleavy, Oswald and Strong,

1973).

Sleep appears to compensate for the amount of prior waking

activity. The longer the wakefulness prior to a nap, the more there

is of SWS and growth in the nap (Karacan, Rossenbloom, Londono,

Williams and Salis, 1974). One hour of extra wakefulness during the

night leads to extra SWS and growth hormone the same night (Beck,

Brezinova, Hunter and Oswald, 1975). Whole night sleep-deprivation

leads to extra SWS on recovery nights (Berger and Oswald, 1962?

Williams, Hammack, Daly, Dement and Lubin, 1964).

Zepplin and Rechtschaffen (1974) have shown that, over a wide
Wv' i

range of mammalian species, sleep duration and metabolic rate are

highly and positively correlated. This may be taken to suggest that



- 17 -

the higher the metabolism is during the day, the greater the amount of

tissue degradation; and hence the greater need for a longer sleep

period during which, compensatory synthesis may occur. In humans,

normal sleep duration correlates positively with the waking body tem¬

perature and, thus, possibly with waking metabolic rate (Taub and

Berger, 1976). Daily metabolism correlates highly with log body

weight (Kleiber, 1961) and so does the amount of REM (Adam, 1977).

A wide variety of ectodermal, mesodermal and endodermal tissues

have been shown to have a higher mitotic rate during the rest and

sleep period of higher animals. Adam and Oswald (1977) list approx¬

imately 25 tissues that do this. As an example, Figure 2.1 shows the

results Fisher (1968) obtained when he measured the mitotic activity

of human epidermis.

In other ectodermal tissues in which mitosis does not occur,

3Uch as the brain, there is greatly increased protein synthesis during

the sleep period. This has been found in rats (Gordon and Scheving,

1968; Richardson and Rose, 1971; Rose, Chou, Zigmond and Wurtman,

1969) and cats (Drucker-Colin, Spanis, Cotman and McGaugh, 1975)»

REM-deprivation has been reported to decrease the amount of

protein and RRA in cerebral nuerones (Bobillier, Sakai, Seguin and

Jouvet, 1974-1 Doemin and Rubinskaya, 1974). Protein synthesis and

mass in the large pyramidal neurones of the cat increase during REM

compared to wakefulness (Gusatinsky, Lebedeu and Brodsky, 1975; Kogan,

Brodsky, Feldman and Gusatinsky, 1975).

Cerebral blood flow is increased during sleep (Mangold,

Sokoloff, Conner, Kleinerman, Therman and Kety, 1955; Reivich, Isaccs,

Evarts and Kety, 1968) and especially during REM (Townsend, Prinz and

Obrist, 1973). As subjects are unresponsive during sleep (e.g. to
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NOON MIDNIGHT TIME

Fisher (1968)

SKIN MITOSIS

MAX

Figure 2.1 Results. Y-axis = Index of mitosis (Number
of mitotic cells/1,000 viable epidermal cells), range = 0-1.
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auditory stimuli, Williams, Morlock and Morlock, 1968), they are

presumably not having to cope with their external environment as they

have to during wakefulness. The increased blood flow would have the

useful effect of mechanically facilitating exposure of the brain sur¬

face to the blood's various constituents, e.g. growth hormone,

glucose, etc.

In Stentor eoeruleua. there is a relationship between mitotic

activity and high concentrations of Adenosine Triphosphate (ATP)

(Guttges and Guttges, 1959). A drop in ATP below a critical level

inhibits mitosis (Bpel, 1963). It has been reported that ATP levels

are higher during sleep than wakefulness, in rats (Van den Noort and

Brine, 1970) and hamsters (Jone3, 1971). Although the mature brain no

longer grows, it still needs synthetic activity. The brain's high

rate of turnover of proteins and nucleic acids rivals the liver

(Jakoubek, 1974.). It is possible that the high levels of ATP in sleep

are Indicative of synthetic processes.

Adam and Oswald (1977) have proposed that fhergy Charge (EC)

might act as an internal signal for enhancing or inhibiting the cell's

chemical activities. This indicator has been advanced and defined for

lower organisms by Atkinson (1968) and is calculated the following wayi

ATP + ADP/2
EC a

ATP + ADP + AMP

ADP =» Adenosine diphosphate
AMP » Adenosine monophosphate

Adam and Oswald (1977) have extended the EC concept to higher

organisms. The EC level is supposed to provide a signal which affects

synthetic and degradetive pathways in opposite ways. Higher levels of

EC act as a signal to inhibit degradative pathways and promote syn-
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thetic pathways! whereas low levels of EC promote degradative pathways

and inhibit synthetic pathways.

Taking Van den Noort and Brine's data (cited above), Adam and

Oswald calculated EC. They found that EE was low during sleep-

deprivation and high during recovery sleep. Durie, Adam, Oswald and

Flynn (1978) have found that EC was higher in the forebrain, hindbrain,

muscle, lung and liver of sleeping mice than awake or sleep-deprived

mice. These results suggest that during sleep, synthetic pathways may

be enhanced.

As a brief summary, I will run over the evidence I have given

that suggests that sleep has a role to play in tissue restoration?

1) Large amounts of sleep during ontogeny.

2) Decreasing amounts of sleep with advancing age.

3) High amounts of HEM in the recovery period after drug
abuse.

U) Extra exercise leads to increases in SWS in athletes.

5) Growth hormone which is intimately related to sleep
and is also connected with protein synthesis is sec¬
reted in greater amounts in normal subjects after
exercise.

6) Starvation which leads to depletion of tissue reserves
also causes increased amounts of SVJS and growth hormone
secretion.

7) Hyperthyroidism is associated with increased amounts
of SWS and growth hormone 3ecz*etion.

8) Hypothroidism is associated with low amounts of SWS,
which returns to normal levels after treatment.

9) Any increase in time spent awake is followed by inc¬
reased SWS and growth hormone secretion.

10) Awake metabolic rate is positively correlated with
sleep time duration.

11) Cerebral blood flow is high during sleep,

12) High levels of mitosis are associated with rest and
sleep.
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13) ATP levels are high during sleep.

14.) Energy charge is high during sleep.

15) Protein synthesis is high during the sleep period.

16) REM-deprivation leads to a decrease of protein syn¬
thesis in cerebral neurones.

The evidence is impressive but much of it is indirect. Only

towards the end of the above list does the evidence become more

direct. It is important to distinguish between the time mammals nor¬

mally sleep and sleep itself. It is not sufficient to show that the

rate of protein synthesis is increased during the sleep period when

the animals are apparently sleeping. This observation only shows that

at that time of the day there is an increase in the rate of protein

synthesis compared to other times of the day. It is necessary to

sleep-deprive animals in order to check whether the change is not

simply a eircadian rhythm. If animals are sleep-deprived and there

are no changes in the rate of protein synthesis, then it i3 possible

to infer that sleep is important. Unfortunately, there are only a few

experiments that sleep-deprive animals. However, theae experiments do

show a reduction in protein synthesis. Some replication is needed.

If Adam and Oswald (1977) are correct in supposing that high EC

levels act both as signals and therefore as indicators of synthesis,

then the report by Durie et al (1978) becomes very important. This

experiment has the crucial group of sleep-deprived animals.

Gircadian rhythms

Hormones

I have already mentioned growth hormone. This hormone varies
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diumally but is sleep-dependent. If human subjects are sleep-

deprived, then the nocturnal peak of growth hormone secretion is

eliminated. It is important to consider whether circadian rhythms are

either sleep-dependent or sleep-independent; in much the same way, it

was important in the previous section to consider whether the changes

in the rate of protein synthesis were sleep-dependent or sleep-

independent phenomena. The secretion of growth hormone provides a

good example in man of a sleep-dependent circadian rhythm.

Another polypeptide pAtuitory hormone found to be related to

sleep in humans is prolactin. Prolactin is normally associated with

its effects on breast growth, development and lactation. However, it

also has other properties which are similar to growth hormone:

increased nitrogen retention, insulin antagonism and lipolysls (Sassin,

1977).

Prolactin (unlike growth hormone) is detectable in plasma

throughout the 24h period (Sassin, Frants, Weitzman and Kapen, 1972),
Soon after sleep onset, prolactin is secreted in greater quantities,

so that by the early hours of the morning, its peak levels may be

found. After awakening, prolactin levels drop precipitously. Sleep

reversal studies have shown that, like growth hormone, prolactin is

sleep-dependent (Sassin, Frantz, Kapen and Weitzman, 1973). However,

unlike growth hormone, there is no conclusive evidence to show that

prolactin is associated with any particular sleep state; although the

indications are that prolactin release may be associated with REM

(Parker, Rossaan and Van der Laan, 1974)•
In contrast to growth hormone and prolactin, some hormones have

circadian rhythms which possess considerable inertia and are sleep-

independent. Adrenocorticotrophic hormone (ACTH) is the best example.
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It has been shown that ACTH secretion precedes Cortisol secretion by

about 10 minutes (Gallagher, Yoshida, Roffwarg, Fukushima, Weitzman

and Hellman, 1974.) and therefore plasma Cortisol accurately reflects

ACTH secretion.

Both AGTH and plasma Cortisol display circadian rhythms (illus¬

trated in Figure 2,2) which have their lowest blood levels in the

early hours of the sleep period, higher levels in "the last few hours

of sleep, and highest levels at about the time of awakening (Berson
and Yalow, 1968} Be Lacerda, Kowarski and Migeon, 19731 Hellman,

Fujinori, Curti, Weitzm&n, Kream, Eoffwarg, utlman, Fukushima and

Gallagher, 1970j Rubin, 19751 Weitzman, 1977i V/eitzman, Schaursberg

and Fishbein, 1966).

The pattern of plasma Cortisol secretion takes one to three

weeks to adjust to reversed sleep-waking cycles, i.e. if subjects are

kept awake during the night and are allowed to sleep during the day, it

takes a long time before Cortisol levels are high at around the time

of awakening and low in the early part of the night (Weitzman,

Goldmacher, Kripke, MacGregor, Kream and Hellman, 1968} Weitzman,

Kripke, Goldmacher, KacGregor and Nogeire, 1970). Similarly, sub¬

jects forced into a 3h-31eep plus 3h-Awake schedule for 10 days

displayed the normal 24h cyclicity in secretion (Weitzman, Nogeire,

Perlow, Fukushima, Sassin, MacGregor, Gallaher and Hellman, 1974.)# No

adjustment was found in that period of time,

Cortisol (hydrocortisone) exerts a profound effect on carbohy¬

drate metabolism. It increases the blood sugar level and antagonizes

the effects of insulin. However, it also increases the rate of

gluconeogenesis and inhibits the pei^h-ral utilization of glucose.

Consequently, there is a drain on protein reserves and increased los3
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PLASMA CORTISOL

Lacerda et al (1973)

Figure 2.2 Results. Y-axis = ug/100 mis, range = 0-16.
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of nitrogen into the urine (Bowman, Rand and West, 1972).

During puberty, in both males and females, Luteinizing hormone

is released throughout the day. However, secretion is increased

greatly during sleep (Boyar, Finkelstein, Roffwarg, Kapen, Neitzman

and Hellman, 1972). Curiously, when the sleep-waking cycle is rever¬

sed, Luteinizing hormone still shows a sleep-related augmentation but

enhanced nocturnal secretion also persists (Kapon, Boyar, Finkelstein,

Hellman and Weitzman, 1974). This hormone's secretory pattern is

therefore partly sleep-dependent and partly sleep-independent.

Vasopressin (Antidiuretic hormone), a posterior pituitary hor¬

mone has been Implicated in memory consolidation processes (Be Wied,

Bohue, Urban, Van Wimersina Greidairus and Glspen, 1975J Van Wimersma

Greidanus, Bohus and De Weid, 1975). Unfortunately, a specific

radioimmunoassay for this hormone has only recently been developed

(Revertson, Hahr, Athar and Sinha, 1973). Consequently, little

evidence has so far emerged as to whether this hormone displays a

sleep-dopendent or a sleep-independent circadian rhythm. There is

certainly a large nocturnal increase but it does not appear to be

related to any particular sleep stage (George, Messerli, Genest,

Nowaczynaki, Boucher, Kuchel and Rojo-Ortega, 1975J Rubin, Poland,

Gouin and Towes, 1968).

Even though substantial work has been carried out on other

hormones, I will not mention any others as the points I have to make

can be illustrated with the above. I will show in Chapter A that one

of the most stable results in sleep and memory research is found when

groups who learn in the morning and recall in the afternoon are com¬

pared to groups who learn in the evening and recall the following

morning:
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Morning-learners: Morning learning and afternoon recall (DAI)
Evening-learners: Evening learning and morning recall (NIGHT)

Essentially, the comparison that is being made is one between

retention intervals, one composed of daytime wakefulness and the other

of night-time sleep. Although sleep is being compared to wakefulness,

night-time is also being compared to daytime. I have already pointed

out that Cortisol's action is catabolic. In the morning-learners,

plasma Cortisol levels will be much higher than in the evening-

learners. It is probable that the former group will be synthesizing

protein at a much lover rate than the latter group. If consolidation

occurs within the first few hours after learning, then the evening-

learners will be consolidating their learnt material at a time when

the rate of protein synthesis is allowed to occur at a high rate. The

morning-learners, on the other hand, will be consolidating at a time

when protein synthesis is being repressed. A difference between the

two groups might then arise which is actually independent of sleep.

The comparison between morning and evening-learners may only be expos¬

ing a difference between night and day, and not necessarily a differ¬

ence between sleep and wakefulness. I show this point in Table 2.1.

Day Night

Sleep Absent Present

Cortisol level High Low

Inferred rate of Low High
Protein synthesis

Table 2.1 A summary of the comparisons actually made in the
first 3h of a retention interval, when one group
learns in the morning and recalls in the afternoon
and another group learns in the evening and recalls
in the morning.
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The only way to check whether Cortisol levels are not important,

is to sleep-deprive the evening-learners. If differences still arise

between groups, then it would be clear that sleep was not important.

Another strategy that is occasionally employed in sleep and

memory research is to displace sleep from its usual place. If sleep

is delayed by a few hours, then confusion results. Say, subjects

learn in the early hours of the morning (0400h) and are then allowed

to sleep. Growth hormone (sleep-dependent) will be secreted but at

the same time Cortisol levels (sleep-independent) will be high. In

that situation, there should be an increase in the rate of protein

synthesis caused by the growth hormone but at the same time the inc¬

rease would be antagonized by the Cortisol. It is questionable what

the eventual rate of protein synthesis would be. The likelihood is,

however, that the rate of protein synthesis would be lowered or

unchanged. If nitrogen retention is taken as an index of protein

synthesis, it has been shown that protein synthesis is increased when

growth hormone is given shortly before sleep but is not increased when

given in the morning after sleep (Rudman, Friedes, Patterson and

Gibbas, 1973).

Performance

In view of the circadian rhythms fotuid with hormones and other

biological variables (one review may be found in Schmitt and Worden,

1974)» such as body temperature (Kleitman, 1972| Loveland and

Williams, 1963} Luce, 1974} Mills, 1973) or catecholamine metabolism

(Perlow, Ebert, Gordon, Ziegler, Lake and Chase, 1978), it would be

surprising not to find that performance also varies over time. Unfor-
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tunately, few experiments have been carried out to determine whether

these circadian rhythms are dependent or independent of sleep.

I will give some examples of performance measures that vary

over the 24h period, simply to reinforce the point that performance

measures do vary cyclically over time:

1) Reaction time (Blake, 1967; Klein. Wegman and Bruner,
1968; Loveland and Williams, 1963).

2) Card-sorting (Blake, 1967; Kleitman, 1972).

3) Arithmetical calculations (Blake, 1967; Kleitman,
1972).

4) Manipulation speed (Schubert, 1969).

5) Subjective alertness (Froberg, 1977).

6) Code transcription (Kleitman, 1972).

7) Logical reasoning (Folhard, 1975).

8) Running activity in the rat (Edmons and Adler, 1977).

9) The mouse-hotplate test (Crockett, Bornschein and
Smith, 1977).

10) Feeding time in Squirrel monkeys (Sulzman, Fuller and
Moore-Ede, 1977).

Apart from circadian variations, performance measures may also

vary cyclically in time periods of under 24h (ultradian rhythms). The

most common cycle length that is emerging is in the order of 90 min¬

utes, e.g. solitary and social behaviour in Rhesus monkeys (Maxim,

Bowden and Sackett, 1977); hand-mouth behaviour in the Rhesus monkey

(Lewis, Kripe and Bowden, 1977); and oral intake by human adults

(Oswald, Merrington and Lewis, 1970). The REM cycle may be an example

of a sleep-dependent ultradian rhythm (Moses, Lubin, Johnson and

Naitoh, 1977).

Memory measures also vary over time (excluding the monotonous

drop in retention by forgetting). It is well established that short-
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term memory functions well in the morning but deteriorates during the

day (Baddeley, Hatter, Scott, and Snashall, 1970j Blake, 1967;

Folkard, Knauth, Monk and Ruternfranz, 1976; Gates, 1916a, b; Winch,

1912a, b). Unfortunately, most of these studies have observed perfor¬

mance only during the day (as presumably most psychologists work office

hours). Folkard et al (1976) did observe subjects during the night,

but in their study they have confounded the effects of sleep with

those of time of day. Their subjects were tested while working on a

rapidly rotating 2-2-2 shift system (2 days on morning shift, 2 days on

evening shift and 2 days on night shift). This meant that when they

were on the morning shift, they slept from 2130 - 0.420; on evening

shift, 2400 - 0900; and on night shift either 0900 - 1500 or 0900 -

1300. This confounding of sleep and time of day makes it very

difficult to interpret their results which were* one type of short-

term memory task was best performed during the night whereas another

type of short-term memory task was only poorly performed during the

night.

Folkard et al's (1976) subjects could not have been sleeping

normally. Even lh changes in normal sleep time will exert effects on

sleep, e.g. from British Summer Time (BST) to Greenwich Mean Time (GMT)

(Monk and Folkard, 1976), or from GMT to BST (Nicholson and Stone, 1978),

a 3h change in either direction will affect an auditory vigilance task

(Taub and Berger, 1976).

Some evidence indicates that performance dependent on long-term

memory may vary cyclically over the 24h period. Holloway and Wansley

(1973) have found that the "Kamin effect" may not represent a tran¬

sitory event but one that repeats itself over time (illustrated in

Figure 2.3). Retention in rats, measured by Step-through latency
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Figure 2.3 Results. Y-axis = Mean avoidance response latency (Seconds),
X-axis = Time after learning (Hours).
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responses (described in Chapter 3), deteriorated in what seems to be a

12h cycle.

Gordon and Schaving (1968), using a similar task to that of

Hollovay and Wansley, found that acquisition varied diuraally. Acquis¬

ition was superior in the sleep-rest period (in rats) and poor in the

wakeful period. Retention also fluctuated in the same way a3 did

protein synthesis which was measured by the rate of incorporation of

radiolysine into brain protein.

Discussion and Conclusion

The evidence supporting the proposal that sleep enhances protein

synthesis is reasonably strong although further confirmatory evidence

would be useful.

There is no doubt that circadian (and ultradian) variations in a

variety of biological and psychological variables exist. Some of these

rhythms may be either sleep-dependent or sleep-independent, or a mix¬

ture of both. Growth hormone secretion is strongly sleep-dependent in

some species that have monophasic sleep patterns; by monophasic I mean

species that have a distinct period of time in which they sleep. In

those species that not only have a distinct sleep-period but also

sleep a lot at otner times of day (e.g. dogs), growth hormone sec¬

retion may not be so strongly sleep-dependent. However, notable

increases in sleep-associated secretion occurs when these animals have

been previously sleep-deprived.

The evidence on the diurnal variation of short-term memory is

strong. The type of sleep and memory experiments which I have desc-
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ribed previewsly, comparing morning- and evening-learners may not only

be confounded by hormonal effects but may also be confounded by the

variations in short-term memory. Relearning measures, such as Savings,

might be supposed to rely heavily on short-term memoiy and, similarly,

recall may be dependent, in part, on short-term memory (Rumelhart,

Lindsay and Norman, 1972). Short-term memory is poor in the afternoon

compared to the evening. In many sleep and memory experiments,

morning-learners have to relearn or recall in the afternoon, whereas

evening-learners have to relearn or recall in the morning. When

evening-learners are apparently found to have remembered more than

morning-learners it may only appear that way, because of the difference

that exists between the two groups in short-term memory. The greater

retention of the evening-learners may have nothing to do with sleep.
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CONSOLIDATION. EL33GTRONCONVULSIVE SHOCK. SLEEP

4P mm AND PKQTEIN 3YKTHS3I? INHIBITOR

Introduction

This chapter will selectively review the evidence that suggests

that the laying down of engrams involves a consolidation period. The

evidence gained from the use of electroconvulsive shock (ECS) will be

used to indicate the presence of a consolidation period. It will be

found that the search for a particular consolidation time has been

futile and that, in much of the research, the presence of sleep may

have acted as a confounding variable which has increased the variabil¬

ity of results.

The evidence suggesting a connection between sleep and memory in

mammals (excluding humans) will be briefly analysed.

Finally, the effects of protein synthesis inhibitors on memory

will be studied. Attention will be drawn to two types of inhibitor,

the glutarimide and the pyrrolidine antibiotics. Anisomycin, belonging

to the latter group, will be selected for a detailed review.

Consolidation and electi-oconyu^lye ghock

The idea of a memory trace having a period of time in which it

becomes securely fixated or consolidated was first proposed by Muller

and Pilzecker (1900). This notion was amplified by Hebb (194-9). In

essence, consolidation theory proposes that learning is not complete

at the time practice is discontinued. Instead, there is some period



of time during which the consequences of learning perseverate, that is

remain active, following practice. During this period of persever¬

ation, the memory trace becomes more securely fixated, or consolid¬

ated, leading to better performance on a later memory test than that

possible without this activity.

Hebb*s (194-9) statement of consolidation theory included a dual-

trace hypothesis. According to this, experience is first recorded in

the form of reverberating organized patterns of neurones (first memory

trace), which, if allowed to be active long enough, lead to formation

of structural changes in the nervous system (second memory trace) that

carry more permanent memory. This idea of two memory traces (short-

term and long-term) was readily accepted right up to the late sixties

(e.g. MoGaugh, 1966). However, to account for various experimental

results more traces needed to be postulated (e.g. McGaugh, 1968). For

a time, there were very-short, short, intermediate, long, very-long,

very-very-long memory traces. At present, the view is that there may

be only one memory trace that has various short.and long term proces¬

ses (e.g. Squire, 1975I Wickelgen, 1975a, bj Gold and McGaugh, 1975).

Little recent research has been foeussed on the idea of rever¬

berating neurones but there is some (e.g. Verzeano, 1977). Most

research has focussed on trying to disrupt the memory trace when it is

young and apparently perseverating. The idea is if the fragile and

persevereting trace is disrupted, then the consolidation will be

halted and no durable and permanent trace will be formed. Early

reviews (Glickman, 1961; MeGaugh, 1966) show that there are many

treatments that apparently halt or depress consolidation, e.g. con¬

cussion, ECS, anoxia, hypothermia, hyperthermia, anaesthetics, brain

stimulation, spreading depression, and protein synthesis inhibitors.



As much work has been done with ECS, I shall focus on the results

produced by this agent. There is one fundamental problem with ECSt

no one knows how it works. No one knows how it imposes its effect on

memory. There have been some attempts to pinpoint the underlying

neurobiological process. For a time it seemed that for ECS to produce

amnesia the current administered had to be of sufficient intensity to

produce a brain seizure (Zornetzer and McGaugh, 1971a). However, later

evidence shows that although the thresholds for producing a brain

seizure or amnesia are similar, they are not the same (Zornetzer and

McGaugh, 1976| Gold and McGaugh, 1973J Gold, Maori and McGaugh, 1973;

Gold, MacDonald and McGaugh, 1974). In some conditions it is possible

to produce amnesia without a brain seizure and in others brain

seizures do not necessarily result in amnesia.

There is a lot of evidence to suggest that the amount of amnesia

produced by ECS is directly correlated with the intensity of the ECS

current (for a review, see McGaugh and Herz, 1972). As there is

ambiguity in how ECS works, there are many interpretations of this

result. These rangefrom those that say that increasing the current

increases the penetrability and thus the effectiveness of ECS (Alpem

and McGaugh, 1968; Rag and Barrett, 1969), to those that suggest the

time the memory trace is in a fragile state is reduced more quickly

with high intensity current (McGaugh and Dawson, 1971).

It is interesting to note that four studies have shown that ECS

coupled with brain seizure and amnesia results in a moderate inhibit-

ion of cerebral protein synthesis (Cotman, Banker, Zornetzer and

McGaugh, 1971} Dunn, 1971; Kelley and Luttges, 1976; Flood, Bennett,

Orme and Jarvik, 1977), approximately 30% - 50% inhibition. This, as

we shall see, is very much less than the degree of inhibition produced
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by cerebral protein synthesis inhibitors (usually 80 - 95%). Gener¬

ally with inhibitors, if inhibition is below 80%, no amnesia results.

ECS that did not produce brain seizure did not significantly alter the

degree of cerebral protein synthesis.

The general finding with ECS is that its effect is time-dependent;

the effect of the treatment decreases as the interval between the

training and treatment increases (Glickman, 1961j McGaugh, 1966j

Jarvlk, 1972; McGaugh and Gold, 1976), The interval in which ECS is

effective varies widely, (For reviews that display various consolid¬

ation times cf. Booth, 1967j Ghorover, 1976,) In some experiments

little or no amnesia occurs even when ECS is given almost immediately

following learning (e.g. Chorover and Shiller, 1965a, b; Quartermain,

Paolino and Miller, 1965; Lewis, Miller and Misanin, 1968), while in

other experiments amnesia is produced when there is a delay of several

hours between learning and ECS (Herlot and Coleman, 1962; McGaugh,

1966; Kopp, Bohdancecky and Jarvik, 1966) or even 20 years (Squire,

1974a, b)J

Chorover (1976) has listed numerous experimental variables that

affect the degree of amnesia found using ECS:

1) The physical parameters of the ECS (e.g. waveform,
intensity, duration),

2) The way ECS is administered (e.g. transpinnate,
transcorneal, transcortical),

3) Sexual status,

4) The genetic strain,

5) The previous experience of the subjects.

6) The nature and complexity of the learning task.

7) The state of the subject (e.g. restrained, free,
awake, asleep).
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Variations arising from the physical parameters and mode of

administration of the ECS are not too surprising. Equally, variation

arising from the use of different genetic strains. It has been shown

amongst a variety of strains (C57BL/6J, DBA/2J, BALB/C, etc.) that

some have good short-torm but poor long-term memories and vice versa}

others are poor learners and so on (Winer, Symington, Farmer and

Schwartzkroin, 1968} Randt, Barnett, IScEwen and Quartermain, 1971}

Flood, Rosenzweig, Bennett and Orme, 1974-} Smith, Kitahama, Valatz and

Jouvet, 1974-} Jaffard, Ebel, Destrade, Durkin, Mandel and Cardo,

1977). Although it is useful in genetic research to have strains that

display specific types of behaviour (Valatx, 1977), it has caused

difficulties in interpreting ECS data. If one strain is used in one

experiment which has a poor long-term memory and then, keeping all

conditions constant but changing to a good long-term memory strain for

another experiment, one is almost bound in some instances, to show

amnesia in the former case and possibly recovery in the latter.

The variability in the times during which consolidation is

apparently completed has led to various elaborations of consolidation

theory. There is at present no widely accepted theory. Some writers

suggest that the rate of consolidation might be affected directly by

the type of training task used (McGaugh and Herz, 1972} Mah and

Albert, 1973)} others propose that various training conditions affect

the amount of learning that occurs during training but leave the rate

of consolidation unchanged (Cherkin, 1966, 1969} Lewis, 1969). The

former type of hypothesis can marshal support by highlighting exper¬

iments which use agents to alter metabolic rate and thus consolidation

rate, e.g. hypothermia (Ger&rd, 1955} Agranoff, Davis and Brink, 1965}
Riccio, Hodges and Randall, 1968)} tricyanoaminopropene, a stimulant
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of RNA synthesis (Essman, 1966} Essman and Golod, 1968)} or the agent

is supposed to alter consolidation rate directly, e.g. low level

stimulation of the reticular formation (Bloch, Deweer and Hennevin,

1970} Bloch, 1970} Bloch, 1976), spreading depression (Albert, 1966a),

strychnine sulphate (McGaugh, 1966), The latter type of hypothesis

has little direct evidence as there are no acceptable independent

measures of consolidation rate. Both hypotheses can use evidence

which shows that an increase in task complexity is coupled with a

decrease in ECS effectiveness (Russell, 194-9} Thompson, 1958} Corson,

1965} Lewis, Miller and Misanln, 1968} Miller, 1970), Similarly both

hypotheses can be supported by experiments that show high degrees of

reinforcement are coupled with decreasing effectiveness of ECS

(Chorover and Schiller, 1965} Ray and Biviens, 1968} Peeks, McCoy and

Herz, 1969} Robustelli, Geller, Aron and Jarvik, 1969} Nachman, 1970),
A basic problem in supporting any consolidation theory with

behavioural data has been pointed out by Miller and Springer (1973).

They state that an important feature of consolidation theory is the

permanence of the induced amnesia. If, after an amnesic treatment, a

subject exhibits poor retention and then subsequently recovers his

memory, then presumably consolidation has not been halted and the

amnesia is solely dependent on a retrieval failure. The possibility

of recovery under untried circumstances always remains. Thus, it can

be said that consolidation theory can never be proven through behav¬

ioural experiments because any amnesia may not necessarily be permanent.

On the other hand, a retrieval theory may be accepted if recovery of

memory can be demonstrated. (Retrieval theories maintain, that amnesic

agents such as ECS only affect retrieval, not consolidation.)

Rehaviourally, it is difficult, if not impossible, to distinguish
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between consolidation and retrieval failures.

As far as ECS is concerned, the suggestion that this agent may

disrupt retrieval has been made before (Weiakrantz, 1966} Kinkin and

Miller, 1967} Neilson, 1968} Miller, 1968).

Surveys of the evidence for recovery from HCS-induced retrograde

amnesia suggest that recovery is not common (McGaugh and Dawson, 1971}

Mah and Albert, 1973). Spontaneous recovery occurs infrequently and

typically the observations show a period of approximately 24h of

amnesia following ECS and then an imprOWBOfc in memory from 24h to 48h

(Zinkin and Miller, 1967} Kohlenberh and Trabasso, 1968} Miller, 1968}

Adams and Calhoun, 1972). More often spontaneous recovery doeB not

occur (see Mah and Albert, 1973). Other studies (Lewis, Misanin and

Miller, 1968} Quartermain, McEwen and Azmilia, 1970} cf. Miller and

Springer, 1973J Spear, 1973) have shown that animals rendered amnesic

can subsequently display retention if they are given some treament

that "reminds" them of the original training. Typically, the animals

are trained on a one-trial inhibitory avoidance task. They are punis¬

hed with a footshock for stepping from one compartment to another.

Amnesia is indicated by low response latencies on the retention test

trial. The reminder treatment is usually a non-contingent footshock

(administered in different apparatus). Some studies (Gold, Haycock,

Macrl and McGaugh, 1973} Haycock, Gold, Maori and McGaugh, 1973)
indicate that the reminder treatments can have punishing effects that

influence performance on the retention test. Also, reminder treat¬

ments do not work unless some residual memory after ECS remains. This

allows ECS researchers (e.g. McGaugh and Gold, 1976) to propose that

the reminder effect is explicable through generalization of the punish¬

ing effects of the reminder stimulus, coupled with a weak memory of
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the original training. In this way it is assumed that reminder treat¬

ments do not act directly on retrieval processes.

Erudite interpretations of the reminder effect can be found (cf.

Miller and Springer, 1973} Spear, 1973)> e.g. Schneider (1975)

suggests that EDS is effective in attenuating storage of instrumentally-

conditioned avoidance but not of classically-conditioned fear.

Experimental evidence is provided to support this proposition.

One problem with the EOS literature is that very few experimen¬

ters make note of whether there was any control on the time of testing,

or whether sleep was present or absent after learning. It has already

been shown that circadian variations do occur. It is plausible that

some of the diversity in results arises from these two sources. It is

also worthwhile to point out that rats and mice are nocturnal creat¬

ures and thus they normally sleep during day-time hours. This fact is

invariably ignored in memory experiments as a whole, and thus many

animals aire put into learning situations at a time when they would

normally be asleep (and are probably sleepy).

On odd occasions control is taken for diurnal rhythm effects but

this is normally in experiments that are looking for time-dependent

effects on memory per se. e.g. Iluppert and Deutsch (1969)} Halloway

and Wansley (1973)} Jaffard, Destrade, Soumireu-Mourat and Cardo (1974-)}

Jaffard, et al. (1977). However, even in these experiments it is not

certain whether sleep has occurred in the shorter retention intervals

or how particular treatments are affecting sleep.

It may be a disadvantage not to have information on whether care

was taken to control for diurnal effects but it is also an advantage

for anyone who is trying to suggest that sloop does have an effect on

memory. It has already been 3aid that there is a reasonable case for
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suggesting that the rate of protein synthesis varies between -wakeful¬

ness and sleep. If animals are subjected to memory experiments

during their normal sleep period then one might expect differring

consolidation rates. Most animals would go to sleep relatively

quickly after learning and thus shift from awake-protein synthetic

rates to sleep-protein synthetic rates - but some might take a while

to go to sleep and would then have a lower overall amount of protein

synthesized. This potential variation in sleep onset times would

thus contribute to the variations in retention. Further, it i3 not

known how most noxious treatments affect sleep, ECS, for example,

might be causing some of its effect by disturbing normal sleep

patterns. McGaugh and Gold (1976), in concluding a selective review

of the ECS literature have gone further in suggesting that treatments

affect retention because they alter the degree of REM sleep that

occurs in the training-test interval. This is a plausible suggestion

as it has been shown that ECS decreases the duration of RIM sleep with

no subsequent rebound (Cohen and Dement, 1966j Kaelbling, Kaski and

Hortwig, 1968| Deluca, Pivik and Chorover, 1977). Whatever the truth

is, lack of control for diurnal variations leads on the one hand to

difficulties in analysing the current literature for signs of any sleep

effect, and on the other hand makes it difficult for disclaimer6 to be

produced at will.

Conclusions

Much use of EDS has been made in determining the length of the

consolidation period, A universal consolidation period has not been

found. Rather, particular consolidation times have been found for



— 4-2 —

particular experimental situations. Of course, there was never any

a priori reason to expect similar consolidation times to be initiated

under different conditions of training.

The ECS literature is useful for pointing out that many para¬

meters are likely to influence the degree of retention and that one

cannot expect any blunt tool such as ECS always to produce similar

variations in retention,

I have mentioned in Chapter 1 that the idea of consolidation

seems inescapable. The difficulty in proving consolidation behaviour-

ally has been mentioned. Although it is not possible to be absolutely

certain that recovery from amnesia will not occur under untried

circumstances, it is possible to provide experimental situations where

retrieval failures are at least unlikely candidates for explaining the

amnesia. For example, if reference is made to Diagram 3.1.

All four groups, A, B, C and D, are trained at the same time. Group a

is then subjected to some noxious treatment, whereas Group B is a

control. If Group A displays amnesia, then it could be argued that

either this group's consolidation has been disrupted or that a

retrieval failure has been caused. Groups C and D are left for some

considerable period during which consolidation might at least have

A. LEARN-

B. LEARN

C. LEARN

D. LEARN

-> TREATMENT- > RECALL
-> NO TREATMENT > RECALL

> TREATMENT- > RECALL

> NO TREATMENT- > RECALL

Eteaaa 2*1
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been thought to occur. Group C is then subjected to the same noxious

treatment as Group A, whereas Group D is another control. If differ¬

ences in retention are found between Groups G and D then it is likely

that the differences between Groups A and B have occurred through

retrieval failure. On the other hand, if no differences are found

between Groups C and D, then it is unlikely that the noxious treatment

is exerting its effect through disruption of retrieval processes.

Sleep and memory in animals

This section should perhaps be titled REM-sleep and memory, for

most research has concentrated on the role of REM-sleep. I feel this

is an unfortunate state of affairs. It would have been more satisfy¬

ing to see experiments that first demonstrate that sleep has some

effect on memory and then to have seen experiments which determine if

any particular stage is important. It Is always possible that the

processing of memory may begin in some other stage of sleep and is

completed in the REM-stage. REM-deprivation studies would then only

disrupt some process that has already begun. If total sleep-depriv¬

ation studies had first been done, then at least there would be an

indication of the absolute requirement of sleep. In any event, this

appears not to have happened, and I will begin this brief review with
i

some experiments that form an interface between ECS on the one hand

and sleep and memory on the other.

Following a preliminary report by Fishbein (1971), Fishbein,

McGaugh and Swarz (1971) investigated the susceptibility of the memory

trace to ECS after prior RHJ-deprlvation. They found that mice that
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were REM-deprived for two days, immediately after one-trial training in

a passive avoidance task, displayed retrograde amnesia after ECS com¬

pared to mice that did not have ECS,

In a one-trial passive avoidance task animals are given one

training trial and one retention test trial. On each trial an animal

is placed in a well-lit compartment. The time taken to enter a

darkened compartment i3 recorded (training trial step-through latency).
On the first trial an electric current is delivered to the grid floor

of the darkened compartment as the gate behind the animal is closed.

On the retention test trial, the time taken to enter the

darkened compartment is recorded as in the training trial (retention

trial step-through latency, or avoidance response latency). Normally

a maximum latency of 300 seconds is allowed.

The experimental design is shown in Diagram 3.2,

GROUPi
Control
+ ECS

Training

vl
4Bh

I

REMP
+ J£S
TrainingI

48h-RE2M3ep,

I
Varying interval ef gain • 12h

s/
ECS

I
ZAh

i
Retention test

Control +
Sham ECS

Training

I
18h

REM +
Sham ECS

Training

l8h—REM-Dep.

ECS

I
ZAh

!
Retention test

Diagram gt2

The results are shown in Figure 3.1.



- 45 -

Training trial step-through latency
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Fishbein, McGaugh and Swarz (1971)

Figure 3.1
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It can be seen that the mice which were REM-deprived (RSMD) for

two days and then subsequently given ECS 5 minutes to lh after the end

of deprivation display a similar retrograde amnesia gradient to that

normally found immediately after training (cf. McGaugh, 1966). The

Control + Sham ECS group display considerable retention as would be

expected and similarly the Control + ECS group. It is probable that a

REM rebound occurred in the REM-Dep. + Shap ECS group, in the 24h

between Sham ECS administration and retention test. This would have

obscured any effects of REM-deprivatdon per se.

These authors controlled for diurnal rhythm effects by training

and testing each animal at the same time of day, although it is not

indicated whether the animals were being tested in their "day" or

"night". Age, seasonal variation, and adaptation to the REM-

deprivation procedure were all controlled for. Sham ECS groups were

used on the ECS groups. It is unlikely that stress due to the REM-

deprivation procedure had any effect as the REM-Deprivation + Sham ECS

group did not display any amnesia.

Retrieval failures are not likely in this experiment. If ECS

was having a specific effect on retrieval, then one would expect no

difference between the REM-Dep, + ECS group versus the Control + ECS

group. Similarly, if the REM-deprivation procedure vas having an

effect on retrieval processes, then there should be a difference

between the REM-Dep. + Sham ECS group versus the Control + Sham group.

However, if there is some additive effect with REM deprivation and ECS

on retrieval processes then this experiment cannot distinguish between

consolidation and retrieval.

An additive effect seems plausible as it has been reported that

REM sleep deprivation produces a decrease in threshold for behavioural



convulsions Induced by ECS (Cohen, Thomas and Dement, 1970} Hartmann,

Marcus and Leinoff, 1968} Handworker and Fishbein, 1975)•

Fishbein's experiment was subsequently replicated, in rats, by

Wolfowitz and Holdstock (1971). The result is important as it suggests

that REM-deprivation maintained the susceptibility of the memory trace

to ECS disruption for 49h. Put another way, it seems that REM might

have some specific effect on consolidation.

Linden, Bern and Fisbein (1975) assessed the effects of RE2*-

sleep deprivation prior to learning on the retrograde amnesia gradient.

This experiment provides evidence that sleep disturbance prior to

learning may affect subsequent retention. The design is shown in

Diagram 3.3. The results are shown in Figure 3.2.

Mice were used as subjects and effort was made to control for

diurnal and seasonal variations, and age differences. The Sham ECS

groups received exactly the same handling as the ECS groups but no

current was passed through the animals' brains. A one-trial passive

avoidance task was used.

\k
Varying interval from 0 to 6h

72h

I
Retention Test

Diagram gt?

REM-Dep. +
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+ DCS

Control +
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It is improbable that REM-deprivation had any effect on acquis¬

ition, for if it had than there should be significant differences

between the control and experimental groups (REM-Deprivation + Sham

ECS versus Control + Sham ECS or REM-Deprivation + ECS versus Control

+ ECS) when testing was done immediately after training. There were

no such differences.

Stress caused by the REM-deprivation procedure may lead to a

non-specific increase in activity which would produce results that

could not be distinguishable from retention deficits. This is

unlikely, for then there would be no differences between the two

experimental groups (REM-Deprivation + ECS versus REM-Deprivation +

Sham ECS); further, there should not be an apparent retrograde amnesia

gradient as displayed by the REM-Deprivation + ECS group.

If ECS was causing some non-specific effect, then one would

expect differences between both ECS and Sham ECS groups, not just a

difference between the REM-Deprivation + ECS group versus all other

groups.

It would seem then that REM-deprivation prior to training is

leading to a deleterious effect on long-term retention. This result

confirmed Fishbein's earlier observation (Fishbein, 1970) and similar

observations by Hartman and Stern (1972) and Sagales and Domino (1973).

Research into the effects of sleep on memory in animals has

produced a lot of positive results indicating that REM-sleep espec¬

ially has some positive action on memory (for recent reviews, cf.

Bloch, 1976; Vogel, 1975; Fishbein and Gutwein, 1977). The results

are usually interpreted to mean that REM sleep has a consolidating

action on memory.

Having said that, it must be pointed out that this field is not



- 50 -

without controversy. For example, Vogel (1975) concluded his review

by stating: "the weight of the evidence indicates that because of

many confounding variables, the effects of REM sleep deprivation on

retention and on new learning remain unclear". This pessimistic con¬

clusion could be contrasted with the contrary and optimistic conclus¬

ions from the other two reviews. Vogel's critical comment had two

points in mind! one, that many of the experiments have inadequate

controls for determining differences between performance and memoryj

two, that stress controls especially have been inadequate.

Lack of adequate controls for determining whether a treatment is

affecting performance or memory provides a common and valid criticism.

However, it is not a valid one in the two experiments that I have

examined in this section. In both experiments retention testing was

carried out many hours after the treatment (24h in the first, and 72h

in the second experiment) and it is likely that the acute effects of

the treatment had worn off.

With regard to stress controls, the procedure used to REM-

deprive animals is likely to produce 3ome stress. Usually the animal

is put on a small platform which is above a surrounding pool of water.

The tone of the antigravity muscles of the body and especially of the

head and neck is reduced at the onset of REM sleep. Consequently the

animal slips into the water and awakens. As postural tone is main¬

tained during non-REM (HREM) sleep, animals are capable of getting

some sleep. Long-term studies have shown that only REM-sleep is

reduced whereas the rest of sleep is relatively unaffected (Fishbein

and Gutwain, 1977).
The two experiments described earlier get around the possible

confounding factor of stress by depriving two groups of animals and
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then varying another independent variable, EES. Other experimenters

have not tried this type of design.

It is well known that stress causes secretion of adrenocor-

ticotrophic hormone (ACTH) and adrenalin (Bohus, 1975). Gold, Van

Buskirk and McGaugh (1975)» and Gold and Van Buskirk (1975) have shown

that AGTH and adrenalin injected into animals immediately after

learning produce an improvement in memory. This would suggest that if

HEM deprivation was stressful, one might predict that REM deprivation

should lead to an enhancement, not impairment of memory. Enhancement

of memory in animals by REM deprivation has not been reported (pointed

out by Fishbein and Gutwein, 1977). On the contrary, most of the

evidence suggests that REM deprivation is deleterious (Fishbein,

1969a, b, 1970} Leconte and Bloch, 1970; Fishbein, 1971; Fishbein,

McGaugh and Swarz, 1971; Pearlman, 1971; Stern, 1971; Wolfowitz and

Holdstock, 1971; Fishbein, 1972; Pearlman, 1973; Sagales and Domino,

1973; Linden, Bern and Fishbein, 1975) or has no effect (Brill and

Goodman, 1969; Joy and Prinz, 1969; Albert, Cicala and Siegal, 1970;

Miller, Drew and Schartz, 1971; Ogilivie, 1972; Holdstock and

Verschoor, 1973) on memory.

Although there are some indications that ACTH and catecholamines

may be beneficial to memory, on the whole the evidence is still

unclear (cf. McGaugh, Gold, Van Buskirk and Haycock, 1975; Flood and

Jarvik, 1976). Certainly it is difficult to decide whether stress has

a positive (Sagales and Domino, 1973; Levine and Brush, 1967; Levine,

1971) or negative (Riccio and Hodges, 1968; Glassman, 1969; Booth,

1970) effect on memory.

That REM deprivation, using the platform procedure, is stressful

seems certain. Mark, Heiner, Mandel and Godin (1969) have shown that
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noradrenalin turnover in the brain is enhanced by REM deprivation.

Stern (1970) and Stem and Morgans (1974) show that the REM deprivation

procedure and cold water immersion cause adrenal gland hypertrophy.

The latter observation has not been confirmed (Drucker-Colin, Jacques

and Cunningham, 1974.} Mendelson, Guthrie, Frederick and Wyatt, 1974.)•

Drucker-Colin, Jacques and Winocur (1971) and Drucker-Colin et

al (1974) show that the platform technique is not very stressful when

compared to other stress-inducing situations. The stress measure used

is one developed by Jacques (1965). It involves injecting the animal

with anticoagulant and determining how stress affects bleeding.

Platform-induced stress does not affect all genetic strains to

the same degree if mortality is taken as an index. Fishbein and

Gutwein (1977) observe that some strain of mice die within a day or so

of being put on a platform (C57B1/6), others die within a week (e.g

Swiss Webster) and wild mice can survive for many weeks. It is not

clear what caused the death. Perhaps not all mice can swimJ

One way of controlling for stress and other non-specific factors

emanating from the platform technique is periodically to immerse con¬

trol animals in cold water. This seems an unsatisfactory method, as

Weiss, Glaser and Pohorechky (1976) show that this method can lead to

performance deficits.

Another control used is to have large platforms for the control

animals and small platforms for the experimental animals. Plumer,

Mathews, Tucker and Cook (1974) have systematically varied the size of

the platform and found that platform size is directly related to the

amount remembered. They suggest that the reason for so many negative

findings in the literature is that control animals are sometimes put

on too small a platform for their size, and consequently may be



partially REM-deprived.

Finally, perhaps to confuse the picture altogether, Mendelson et

al (1974) have claimed that in the first 24h on a platform, animals on

both small and large platforms are equally REM-deprived, so any

affects on memory cannot be attributed to REM differences. This study

remains unconfirmed. However, Mendelson et al offer the same sugges¬

tion as do Flumer et al (1974)» that many experiments have used plat¬

forms that are too small for the control animals and as a result there

may not be large differences in REM between the control and experimen¬

tal groups.

Fishbein and Gutwein (1977) point out that there has been con¬

siderable variation in species, genetic strain, sex, age and task

difficulty between experiments. This has probably led to some of the

negative results.

It is perhaps not too surprising that Vogel was led to his

pessimistic conclusion. Fishbein and Gutwein on the other hand argue

that the variation between experiments adds to confusion but a role

for REM can be discerned. They are helped by the fact that Fishbein's

experiments are relatively clear and have been replicated. They also

have the advantage that they consider another line of research. Bloch

in his brief review also has the same advantage. Both authors draw

extra evidence from studies which show that learning is followed by an

increase in REM sleep.

Lucero (1970) was the first to report an increase in REM sleep

after learning. Rats exposed to a maze, in a learning situation for

l|- - 2h showed a significant increase in REM (compared to controls who

were exposed to and left in the maze, in a non-training situation)

during the three recording hours immediately after learning. Bloch



• 54 -

and his colleague have considerably extended this finding (Leconte and

Hennevin, 1971; Bloch, 1973; Leconte and Hennevin, 1973; Leconte,

Hennevin and Bloch, 1973; Leconte and Bloch, 1974; Leconte, Hennevin

and Bloch, 1974; Bloch, Hennevin and Leconte, 1977)♦ Some of the

results have been replicated by Smith, Kitahama, Valavt and Jouvet

(1974).

These studies have used a vide variety of learning tasks.

Generally, they have found that in the course of distributed learning,

each learning session is followed by an immediate and short-lasting

increase in REM sleep. The increase in REM sleep is related to the

degree of learning achieved. When there is a lot of learning there is

a large increase in REM 3leep, and when learning reaches the asymptote

of the learning curve, the increase in REM sleep decreases and returns

to baseline levels. When the animal a are faced with a new learning

situation, such as stimulus differentiation, REM sleep again increases.

The increase in REM sleep is not seen in animals that are "poor

learners".

The increase in REM occurs through an increase in the number of

REM periods the animal has, rather than an increase of time spent in

REM in each cycle. If sleep is delayed for 90 min., then the increase

occurs; if sleep is delayed for 3h, then no increase occurs.

Leconte, Hennevin and Bloch (1974) varied the amount of sleep

animals could have, immediately after training in a shuttlebox

conditioned avoidance task. There were four groups: control,

90 mins.-"sleep", 60 rnlns.-"sleep" and 30 mins.-"sleep". The control

group was allowed to sleep normally whereas the others were allowed

only some sleep. Training was distributed over a number of days.

The control group's learning curve did not differ from that of
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the 90 mins.-sleep (after six sessions their performance level was

80% correct responses). Hie 60 mins.-sleep group reached a perfor¬

mance level of 60% correct responses whereas the 30 mins.-sleep group

never exceeded a performance level of 25% correct responses.

The increase in REM time, normally observed in their other

experiments was again noted but only on the third day in the 90 mins.-

sleep group and on days U - 6 In the 60 mins.-sleep group. Again the

duration of REM in a particular cycle was not increased, instead the

increase in REM time occurred because of an increase in the number of

cycles. There were no significant differences in the duration of SWS

nor the total sleep time. Sleep was not recorded in the control group.

Differences in sleep times were observed by comparing the animal's

sleep in the experimental period to its own baseline values (two days

of recording).

Considering all the experiments these authors have conducted a

remarkably clear picture results. The first 1 - l§h after learning

seems to be important for later retention in complex shock avoidance

tasks, a multiple trial discrimination task and a water reinforcement

bar pressing task. This time period is supported by other researchers

(Pearlman and Greenberg, 1973; Pearlman and Becker, 1974a, b). These

authors have used a number of methods to REM-deprive their subjects

(platform technique, imipramine and cblordiazepoxide). The only

apparent common element amongst these techniques is that REM sleep is

reduced. They have found that REM-deprivation for 2h immediately

following conditioned avoidance learning in rats, produces a signif¬

icant retention deficit whereas no memory deficit is found if REM-

deprivation is delayed for 2h after training. Shiromani and Fishbein

(1976) have not confirmed that the first 3h is important but suggest
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that this lack of support may be due to using different experimental

conditions and different species.

The finding that RIM time is increased by an increase in the

number of cycles of sleep suggested to Bloeh that a REM-sleep

"trigger mechanism(s) had been primed by the learning, and the

trigger is much more likely to be tripped during sleep". Certainly,

the initiation and maintenance of REM sleep has been connected with

the specific brain region, the nucleus locus coeruleus (Jouvet, 1967}

1969} 1972) and the locus coeruleus appears to be connected with the

consolidation of memory (Jones, Harper and Hilaris, 1975} Zometzer

and Gold, 1976} Zometzer, Gold and Boast, 1977). Zometzer and Gold

suggest the connection between the locus coeruleus through experiments

that involved lesions of the nucleus combined with ECS. The design

used is very similar to that of Fishbein et al (1971) which has

already been described. Bloch's hypothesis is at present unhampered

because of the scarcity of relevant experimental work.

One criticism that may be laid at the above REM-augmentation

experiments is that although several learning tasks have been used,

they are all multiple-trial learning tasks. There is no evidence that

one-trial learning produces an increase in REM. Also the REM increase

can be seen in their experiments gradually to increase, suggesting

perhaps that the increase is a reflection of some process that both

combines reactivation of old memories with new ones. To speculate

further becomes fruitless for lack of experimental evidence.

Another problem is that all the tasks used have involved complex

learning, Kitahama (1973) provides evidence which suggests that the

increase in REM is only small in a simple X-maze task.

Yet another problem is that these experiments invariably use
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shock-motivated, and in one case, thirst-motivated tasks. In all

cases it is possible that some non-specific stress factor is causing

an effect. These problems all suggest that although, on the face of

it, there is generality, in fact only one type of learning task has

produced the augmentation effect.

Finally, the increase in the number of cycles is relatively

easy for mice and rats as their cycle times are about 10 mins. in

length (cf. Zeppelin and Rechtschaffen, 1974) &nd for a sleep period

of about 12£h, approximately 75 cycles could be achieved. The

addition of a few cycles is not going to make much difference to sleep

time. In the case of man, who has an average cycle duration of

96 mins. and an average sleep time of 8h, the addition of an odd cycle

here and there would make a dramatic difference in sleep time.

However, it has been pointed out (Chapter 2) that there is a lot of

variability between and within individuals in sleep parameters, so

perhaps augmentation is possible in man.

Apart from a short-term augmentation effect, there is evidence

suggesting that a more long-term increase of REM sleep (2Ah - 48h) may

result after a learning experience (Delacour and Brenot, 1975J

Fishbein, Kastaniotis and Chattman, 1974| Smith et al, 1974). Gener¬

ally it has been found that 6h - 48h after exposure to a shock-

avoidance task both SWS and REM sleep are increased. Yoked controls

which received footshocks but were unable to escape to a safe place

3howed an increase in SWS but no increase in REM sleep. It has been

suggested that the increase in SWS is due to some non-specific effect

of the footswitch, such as increased motor activity, whereas the

increase in REM is dependent on the learning of the task.
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Conclusions

On the whole the animal sleep and memory literature suggests

that REM sleep is somehow connected with memory. The REM-deprivation

studies, although confused by the possible non-specific effects of the

deprivation procedure, strongly hint at this connection. Generally,

these studies show that prior to learning, REM-deprivatlon will cause

little or no effect on acquisition and short-term retention but a

significant effect on long-term retention. Linden, Bern and Fishbein

(1975) clearly show that 3 days of REJdeprivation prior to learning

produces a protracted ECS retrograde amnesia gradient. Similarly,

REM-deprivation during the retention interval has been shown to affect

long-term retention. If sleep incidentally imposes an effect on

memory by enhancing protein synthesis activity, the results of both

types of study are understandable. It is unfortunate that lengthy

periods of Rill-deprivation have been used In many experiments when in

fact there are indications that in some situations only a few hours of

REM-deprivatlon is necessary (Pearlman and Greenberg, 1973| Leconts,

Hennevin and Bloch, 1974-) • With only short periods of deprivation the

occurrence of general effects such as weight loss and adrenal gland

hypertrophy would be unlikely.

The augmentation studies are of interest because they indicate

that there may be a REM-sleep enhancing effect produced by the learn¬

ing Itself. The difficulty at present with these studies is that they

have always been used in learning situations where the animal has to

make an active response1 there are no instances of passive avoidance

or learned inhibition. The ever-present difficulty with this type of

study is the question whether suitable controls have been used. It
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has been pointed out before that it is very difficult to find good

controls in learning experiments which are seeking to provide direct

physiological or biochemical measures of memory (Bateson, 1970). In

fact, Smith et al (1974) have found differences between their control

groups, in that one of the non-learning control groups showed signif¬

icant increase in the amount of REM sleep compared to the other

controls.

There is a difficulty in interpreting the augmentation studies.

The two obvious suggestions are: a) that the learning experience has

triggered the increase in REM sleep which then imparts an improvement

in memory processes, or b) that the increase in REM sleep is a ref¬

lection of the consolidation process which happens to be maturing at

the time the animal is asleep. At present, it is not possible to

decide which, if either, of these interpretations is correct.

The most common suggestion as to why REM sleep and memory should

be connected is that REM sleep in some way is part of the mechanism by

which memories are processed and stored. This type of suggestion can

encompass all the available evidence (e.g. Fishbeln and Gutwein, 1977).

Another type of suggestion is that RIM sleep may be involved in the

consolidation process (e.g. Bloch and Fishbein, 1975). This sugges¬

tion handles all the evidence except possibly the long-term augmentation

studies. However, even these studies are catered for if REM sleep is

posited as having a "maintenance" role as well as a "consolidation"

role.

Most authors who put forward the information-processing schemes

readily admit that any biochemical explanation of memory and sleep can

easily fit into their own schemes. In other words, to say that some

biochemical mechanism has been initiated by a learning experience is
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the same as saying initiation of information-processing occurred

during the learning experience.

The fact that there may seem to be a "critical period" of

approximately a few houra in these studies, although it may be true,

it may also just be a reflection of the paucity of studies. The ECS

literature, at one time was suggesting a "critical period" but when a

lot of research effort was put into defining this period accurately,

it became obvious that definition was not possible. It is plausible

that Bloch1s critical period might similarly evaporate.

It should also be pointed out that in the REM-deprivation

studies no one has yet tried to see whether the induced amnesia is

permanent.

Finally, I would suggest that sleep, protein synthesis and

memory are all connected. If protein synthesis is interrupted, how

does this affect sleep and memory? The next section will look at some

of the evidence that suggests memory and protein synthesis are connec¬

ted. I will conclude this section by looking at the studies which

investigate the effects of cerebral protein synthesis inhibitors on

sleep.

There are only a few studies which have looked at the effects of
\

protein synthesis inhibitors on sleep and the results are reasonably

consistent with one of the inhibitors (anisomycin). Cycloheximide

was reported to have no effect on sleep on the first day but to cause

a significant elevation in REM sleep time for one week after cats had

been injected intraventricularly (Stern, Morgans, Panksepp, Zolovick

and Jaloviec, 1972). Mice 3Ubutaneou3ly-injected were reported to

show a decrease in the amount of REM sleep, initially, with no evidence

of a subsequent rebound over a three day period (Pegram, Hammond and
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Brldgers, 1973)« It is possible that the difference in species,

route of administration or too small a recording period may have

caused the difference between these two studies# Anisotrycin has been

found to increase the amount of sleep time before the first appearance

of the REM stage, with a AO mgAg dose of anisomycin, and a 7h delay

with a very high dose, 210 mg/kg (Fishbein and Gutwein, 1977; Fishbein,

Gutwein, Shiromani, Lui and Feverstein, 1978), and to decrease the

overall amount of time spent in the REM stage (Drueker-Colin, Spanis,

Hunyadi, Sassin and McGaugh, 1975)• The decrease in the amount of

time spent in REM occurs through a decrease in the number of cycles of

sleep rather than by a decrease in the duration of the stage itself

(Rolas-Ramirez, Shkurovich, Ugartechea and Drucker-Colin, 1976). With

anisomycin there have not been any other reported effects, other than

a decrease in the amount of time spent awake (Drucker-Colin et al,

1975). It is tempting to suggest that REM sleep does not appear until

the inhibition of cerebral protein synthesis has worn off. On the one

hand, thi3 is a premature suggestion, for many drugs which apparently

do not have any inhibitory effects on protein synthesis do in many

situations increase the delay before the onset of REM sleep and

decrease the duration of REM (Oswald, 1973). On the other hand,

Drucker-Colin et al (1975) have shown that: a) anisomycin increases

the delay to the onset of REM and decreases cerebral protein syn¬

thesis; b) growth hormone increased REM sleep time and increased

cerebral protein synthesis; and c) anisomycin and growth hormone left

sleep and protein synthesis at control levels. These results suggest

an interesting correlation between REM sleep and cerebral protein

synthesis.
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Memory and protein synthesis Inhibitors

Actinomycin-D, puroraycin, the glutarimides, cycloheximide and

acetoxycycloheximide and anisomyein are the main inhibitors used in

memory experiments. The effects of actinorayein-D, puro&ycln and the

glutarimides have recently been extensively reviewed (Barraco and

Stettner, 1976).

Generally, if any of these drugs are given Just before training,

amnesia develops, as shown for actinonycin-D (Daniels, 1971a} Squire

and Barondes, 1970), puronycln (Barondes and Cohen, 1966} Flexner and

Flexner, 1968), the glutarimides (Daniels, 1971b, 1972} Flood,

Bennett, Eosenzveig and Orme, 1972} Quinton and Kramarcy, 1977),
and anisomycin (Flood, Bennet, Rosenzweig and Orme, 1973} Squire and

Barondes, 1974).

All these drugs have been shown to inhibit cerebral protein

Synthesis and all have different sites of action (Baracco and

Stettner, 1976 for drugs other than anisomycinj for anisomycin, Flood

et al, 1973).

Actinomycin-D is highly toxic and death is a frequent side

effect. It has been shown to produce profound pathological changes in

neurons and glia, leading to cell atrophy (Koenlg, Chung, Jacobsen,

Sanghavi, Hayyar, 1970). Consequently it has not been used much and

no further mention will be made of it.

Puromycin, although a potent inhibitor, has been shown to

produce disturbance in hippocampal electrical activity (Cohen, hrvin

and Barondes, 1966), lower the threshold of pentylenetetrazol-induced

seizures (Cohen and Barondes, 1967) and block brain respiration (Jones
and Banks, 1969). This drug also leads to lowered activity,
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drowsiness, loss of alertness and a failure to eat and drink. It has

been used extensively with goldfish and birds as subjects and only

rarely with mammals. When puronycin has been administered to mammals

it has been shown to produce amnesia even if it is injected one or two

days after training (Flexner, Flexner and Stellar, 1963; Flexner and

Flexner, 1967; Flexner and Flexner, 1969). Hiis suggests that it may

act by affecting retrieval rather than storage. For these reasons,

little mention of this brain poison will be made.

Cycloheximide has no detectable effects on hippocampal activity

(Cohen et al, 1966) but may alter electrical activity in another part

of the brain (e.g. midbrain reticular formation and cortex, Randt,

Korein and Levidow, 1973). It does not lower seizure thresholds

(Cohen and Barondes, 1967). Cycloheximide does affect spontaneous

locomotor activity in mice but isocycloheximide, a stereoisomer which

has no affect on cerebral protein synthesis, nor produces amnesia,

shares the same effect on activity (Squire, Geller and Jarvik, 1970;

Segel, Squire and Barondes, 1971). Thi3 suggests that cycloheximide's

amnesic action is not produced through the same mechanism which

produces the decrease in motor activity.

Cycloheximide has also been found to produce a conditioned

aversion to a specific odour cue associated with the cycloheximide

injection (Booth and Simson, 1973). This raises the possibility that

the amnesic effect of the drug is due to its aversive effects rather

than to inhibition of cerebral protein synthesis required for the

formation of long term memory. Squire, Emanuel, Davis and Deutsch

(1975) have shown that amnesic doses of cycloheximide and anisomycin

can produce gustatory conditioned aversion but they have also shown

that lithium chloride produced as much conditioned aversion as an
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amnesic dose of anisomycin and more aversion than eycloheximide. The

lithium chloride did not affect memory, suggesting that the aversive

effects of these inhibitors is not sufficient to explain their

amnesic effect.

Cycloheximide has been used widely in mammals. Generally, it

has been found that if cycloheximide or acetoxycycloheximide is

injected either subcutaneously, intracranially or intracerebrally

shortly before training amnesia will result. Sometimes amnesia will

result if the injection occurs within 30 rnins. after training. There

are no reports of amnesia occurring if the injection is made later

than 30 mins. after training (cf. Baracco and Stettner, 1976,

pp. 256-257). If the drug is given after training but within 30 mins.,

the amnesia is not a3 profound as when the drug is given before

training (Gelier, Robustelli, Barondes, Cohen and Jarvik, 1969).
If cerebral protein synthesis inhibition is extensive (greater

than 85%), the effects of glutarimides will be seen to be clear. Cohen

and Barondes (1968) observe that the learning curves of drug-treated

and experimental mice are identical. Barondes and Cohen (1967) show

that retention measured minutes to hours after training is normal but

the duration of normal retention varies depending on the experimental

situation (Flood et al, 1972} Squire and Barondes, 1972), Retention

measured hours to days after training is markedly impaired (Barondes

and Cohen, 1967, 1968a) although recovery is sometimes observed

(Quartermain and McSwen, 1970} Serota, 1971} Squire and Barondes,

1972).

Flood et al (1972) have found that the degree of amnesia

obtained with cycloheximide in a one-trial passive avoidance task

(similar to the task used by Fishbein et al (1971) which has already
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been described) is affected by the following parameters: a) shock

intensity} b) shock duration; c) original latency to enter the shock

compartment and d) retention interval (varied between 24h and 3

weeks). They found that if these parameters were measured and con¬

trolled for, consistent amnesic effects could be demonstrated.

Flood et al (1972) also provide experimental evidence to show

that acquisition in this one-trial task varies as a function of the

above parameters and that cycloheximide-induced amnesia could best be

obtained by training animals to just under the asymptote of the

acquisition curve. These findings not only highlight another feature

of antibiotic-induced amnesia, that over-trained animals invariably

display little or no amnesia (Barondes, 1970), but also show why

inconsistencies between experiments might occur.

Finally, these authors also show that the degree of cerebral

protein synthesis inhibition caused by cycloheximide varied amongst

five strains of mice (there were no significant differences within a

strain). These findings probably account for some of the variability

evidenced in the cycloheximide and memory literature.

I shall now concentrate on anisomycin as there is slightly less

information on how the glutarimides affect sleep than on how anisomycin

affects sleep. Also, anisomycin, a3 a tool for memory research,

appeared relatively late on in the experimental scene (1973), ana as a

result, the experiments that have been conducted have avoided some of

the earlier pitfalls that have marred interpretation of glutarimide

experiments. Finally, there appear to be no detailed reviews on the

anisomycin literature.

Anisomycin has one main advan^S® compared with the other an~
biotics - it is relatively non-toxic (Flood et al, 1973). The lethal
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dose is some 4.0 times greater than the dose used in behavioural

studies (Flood, Jarvik, Bennett, Orme and Rosenzwerg, 1977a). That

it may cause conditioned gustatory avoidance has already been mentioned.

There is no experimental support to show that this is how the amnesic

effects are gained, Anisomycin may (Squire and Barondes, 1974) or may

not (Flood et al, 1973) affect locomotor activity. In any event, if

there is an effect, it appears to be small.

Anisomycin does cause cerebral protein synthesis inhibition

which is 80% effective within four minutes (subcutaneous administrat¬

ion). Inhibition begins to decrease approximately 2h after training,

so if high levels of inhibition are needed, successive injections

are given. Even four successive injections produce little or no

illness (Flood et al, 1973).

One disadvantage in describing the effects of this drug is that

it is not generally available! consequently only some laboratories

have been able to use it so far. Nonetheless, a considerable number

of experiments have been carried out.

In what might be described as the introductory experiments on

anisomycin, Flood et al (1973) observed, in a one-trial passive

avoidance task , where the first injection was given 15 mins. before

training and retention was tested one to two weeks later, the follow¬

ing: a) that cycloheximide was a more effective amnesic agent than

anisomycini b) that as training strength increased the percentage of

amnesic animals decreased, but if the duration of protein synthesis

inhibition was increased, then this counteracted the increase in

training strength! c) that 4h of inhibition produced more amnesic

animals than 2h of inhibition and that this result was not caused by

the multiple injection procedure itself! d) that the duration of
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Inhibition was causing the amnesia, not the drug itself, this was

shown by interchanging cycloheximide with anisornycin; e) that higher

doses before training produce more amnesic animals? f) that the

duration of Inhibition is important rather than the quantity of drug

injected, this was shown by comparing groups that were inhibited for

long periods by successive injections with groups that were given

equivalent high dosage in one injection. These authors also showed

that giving multiple injections of anlsomycin l,75h after training

produces few amnesic animals when tested for retention 2 weeks later

(10% anisomycin versus 0% saline control). Finally, the authors

stated that there was no recovery from the amnesia.

Before running over these observations it is worth looking at

results gained from another laboratory (Squire and Barondes, 1974) and

some further observations from Flood, Bennett, Rosenzweig and Orme

(1974).

Squire and Barondes (1974) confirmed some of the observations

reported by Flood et al (1973) using a multiple trial discrimination

task. These authors confirmed! a) that anisomycin was a less potent

amnesic agent than cycloheximide; b) that higher doses of anisomycin

before training produced more amnesic animals than low doses; c) that

injection of anisomycin l,5h after training produced no amnesic

animals in a retention test given 1 or 7 days after training. As

these authors did not attempt to vary the duration of inhibition by

using successive multiple injections of anisomycin, no comment can be

made on Flood et al's (1973) other results.

In addition, Squire and Barondes (1974) noted that anisomycin

slightly depressed locomotor activity. However, an analogue that had

a similar effect on activity but little effect on protein synthesis did
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not produce amnesic animals.

These authors also noted that anisomycin-injected mice exhibited

normal acquisition for about the first 20 - 25 trials and an impair¬

ment with further training. This result is in accordance with

previous findings using cyeloheximide (Squire and Barondes, 1973}

Squire, Smith and Barondes, 1973). Further, this observation implies

synthesis is required. (Generally when Barondes or Squire make

statements concerning the degree of amnesia in subsequent retention

tests, many hours or days after training, only a short number of

training trials are given. Thus subsequent impairment is not related

to an acquisition defect.)

Flood et al (1974) repeated some of their earlier experiments

using six genetic strains of mice. They first found that there were

strain differences in acquisition of the passive avoidance task. So,

before experiments were conducted with anisomycin, training parameters

which had previously been shown to affect acquisition (Flood et al,

1972) were varied so that all species were trained to roughly the same

degree. When this had been done experiments with anisoraycin were

begun. A single dose of anisomycin was found to be an effective

amnesic treatment across strains. If training strength was increased

and the duration of inhibition increased (by giving a second injection

of anisomycin 1.75h after training) a high percentage of amnesic

animals were again found. This last result discounts the possibility

that anisomycin is causing amnesia through an acquisition defect

because the effective amnesic dose has been given 1.75h after

training.

Both laboratories agree that if anisomycin causes at least 80%

inhibition of protein synthesis and if the required dose is given
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15 - 30 mins. before training and if the animals have not been over¬

trained, then amnesia will result. Both laboratories produce evidence

that the impairment is unlikely to be caused by acquisition defects.

Flood et al (1973) state that at the doses used anisomycin causes

little sickness (although some diarrohea may occur) and both labor¬

atories agree that post-training injections do not effect retention

one day to two weeks later. This result suggests that the sickness

which appears several hours after injection is not responsible for its

amnesic effect. It also indicates that retention can be disturbed

only when marked inhibition of cerebral protein synthesis is estab¬

lished during or within a few minutes after training.

Another explanation as to why anisomycin, or any other anti¬

biotic, may be causing amnesia is state-dependent learning. This idea

Ms been strongly championed by Overton (1964., 1966, 1973). It is a

notion which suggests that retrieval failure causes amnesia rather

than a storage failure. The idea is if memories are acquired in a

"normal" brain state, they will be easily recalled if retrieval occurs

in the same "normal" state. If, however, retrieval is attempted when

the brain is in a "drugged" state, then a retrieval failure may occur

which would display itself as amnesia. Similarly, if learning occurs

in a "drugged" brain state, then if retrieval is attempted in a "non-

drugged" or "normal" brain state, then a retrieval failure might occur

and display itself as an amnesia. (This is the situation in many

antibiotic experiments.) Finally, if acquisition occurs in the

"drugged" state and recall is attempted in a "drugged" state, then no

amnesia would be apparent.

State-dependent learning has been demonstrated to occur with

several drugs (Overton, 1964., 1966, 1973J Bustamante, Jordan, Vial,
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Gonalez and Insua, 1970; Zometzer, Gold and Hendrickson, 1974.) but I
am unaware of any demonstration with antibiotics. The state-

dependency explanation does not seem to cope with the antibiotic

situation. For example: a) In Flood et al (1974)» it was shown that

under a condition of high training strength and one dose of amisomycin,

no amnesia was apparent. Yet if the state-dependency argument was

applicable then there should have been amnesia. Further, a subsequent

dose of amisomycin 1.75h after training produced amnesia. The state-

dependent learning hypothesis cannot cope with this fluctuation in

memory, b) Using one of the glutarimides, acetoxycycloheximide, it

has been shown that if inhibition of 95% cerebral protein synthesis is

established only 5 mins. before training, there is a marked impairment

of long-term memory. If Inhibition is slightly less than 90%, and is

established several hours before training and is maintained during

training, no amnesia is found (Barondes and Cohen, 1967, 1968).
This suggests that to get amnesia, the extent of the inhibition is

crucial. As far as state-dependent learning is concerned, it is more

likely that the long period of 90% inhibition (leading to remembering)

is going to cause a different brain state than the short burst of 95.

inhibition (leading to amnesia). In the former case, there would be a

more extensive depletion of proteins with short half-lives than in the

latter case (Squire and Barondes), c) Squire and Davis (1975)

injected high doses of anisomycin shortly before training to two

groups of mice. Both groups were tested 7 days later but one group

was given an additional high dose of anisomycin. Both groups exhibited

a similar degree of amnesia. The state-dependent learning hypothesis

would suggest that the group that had two doses of anisomycin should

recall more than the group that had one dose before training. Clearly
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the prediction wa3 not upheld.

The question of how important is the duration of inhibition

after training has been taken up by both laboratories. On the one

hand, Flood, Bennett, Orme and Rosenzweig (1975a) showed; a) that
under certain conditions of training, if cerebral protein synthesis

was strongly inhibited (80% and greater) for 6 - 3h, a high percentage

of mice were amnesic} b) that if small amounts of protein synthesis

were allowed to occur by permitting intervals of partial recovery

(50 - 60 % approximately) of protein synthesis during the period of

inhibition, then fewer mice were amnesic; and c) the longer the duration

of recovery and the nearer this occurred to training, the greater

percentage of mice that displayed retention of training. Inhibition

was produced using successive multiple injection of anisomycin used.

The dosage was the same as that used in previous experiments. The

dosage was such that high levels of inhibition were maintained for

2h, after injection, after which it rapidly dropped. So, if extra

time was added to the interval between successive injections, some

recovery of protein synthesis occurred. The task was again the one-

trial passive avo^ance task used in other experiments.
v

On the other hand, Squire and Davis (1975) have observed that it

is the extent of inhibition at the time of training which is important,

rather than the duration of inhibition after training. These authors

found that a large dose of anisomycin (210 rag/leg) impaired memory to a

greater extent than a low dose (30 mg/kg). Both doses were given before

training. Retention was tested 5-14 days after training. The

larger dose was found to inhibit protein synthesis more completely

than the lower dose. (Approximately 97.5% within the first 1.75h

after injection for the high dose, and 92.5% for the low dose.)
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Furthermore, these authors found that giving successive low dose

injections of anisomycin after training did not eause any difference

in retention between these mice and those given just one low dose

before training. In addition, it was also found that mice given

successive injections retained more, 5 - 14- days after training, than

mice given one large dose before training. Hence these authors con¬

clude that the extent of inhibition at training is more important

than the duration of inhibition after training,

Hie most apparent difference between these two studies which

might cause the difference is the training task. Also, it has been

shown that the one-trial passive avoidance task may be sensitive to

post-trial injec tions of cycloheximide from 0*5 - 2h after training

(Geller, 1969)# whereas multiple-trial discrimination training is

impaired only when injections are given shortly before or within a few

minutes after training (Barondes and Cohen, 1968a).

Flood and his colleagues have also demonstrated anisomycin's

amnesic actions in two other tasks. Flood, Bennett, Orme and

Roseazweig (1975b) reported amnesia on a multiple-trial active

avoidance task (T-maze). This task has not been used extensively as

many successive doses of anisomycin were necessary to induce amnesia.

A single dose of anisomycin prior to training did not affect acquis¬

ition or cause amnesia. A minimum of three successive injections of

anisomycin (6h inhibition) were necessary to cause a significant per¬

centage of mice to become amnesic. Up to five successive injections

produced only 60% amnesic mice. This is a considerably lower percen¬

tage than that found in the passive avoidance task.

It is interesting to note in this report the rollowing result!
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2.5 mg Anisomycin before training + 0.5 &g after training =» 80% amnesia

0.5 mg Anisomycin before training + 2.5 mg after training = 0% amnesia

Although Flood et al do not mention it, their result weakly confirms

Squire and Davis's (1975) contention that the extent of inhibition at

the time of training is important for the subsequent degree of amnesia.

Flood et al (1977a), using a multiple trial, pole jump active

avoidance task, again demonstrated anisomycin's amnesic properties.

Unfortunately, only a limited supply of anisomycin was available at

the time the experiments were carried out, so cycloheximide was used

as a final injection to maintain an extended period in inhibition.

The first anisonycin injection was given 15 mins. before training and

retention was tested one week later. The dosage level for anisomycin

was 20 mgAg» The results are shown in Table 3.1. The "Aniso + Aniso

+ Cyclo" group received the first anisomycin injection 15 mins. after

training, the second 2h after the first, the third injection 2h after

the second, and Cyclo 2h after the third injection. The "Aniso +

Aniso + Aniso + Cyclo" group had an extra anisomycin injection before

the cycloheximide.

Duration of % of amnesic
80% + inhibition mice

Saline Control

Anisomycin
Aniso + Aniso + Cyclo
Aniso + Aniso + Aniso + Cycle

0 8

2h 9

6h 38

8h 66

Table 3.1 Results. Flood et al (1977a).
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It is awkward that cycloheximide was used but as this drug

normally has no effect on training two or more hours after training,

it is unlikely to be the cause of the amnesia. Also, it should be

pointed out that the group containing most amnesic mice was the one

that had cyeloheximide well after training.

It is notable that the single low dose injection produced few

amnesic mice. This suggests that the extent of inhibition at the time

of training is not the most important parameter in this task. It also

indicates that an acquisition defect is not present} for the high

incidence of amnesia occurs only when subsequent injections of anisom-

ycin and cycloheximide are given.

This experiment was elaborated further by seeing whether

inhibition might have any effect on the extinction of the trained

task. Only two anisonycin groups were used, a single anisomycin

injection and three successive injections (no cycloheximide). In this

situation, using an extinction method that produced rapid extinction

of training, the single-dose anisoraycin group showed retention of the

extinction training but the multiple-dose, and therefore 6h inhibition,

shoved absolutely no retention of the extinction training. This

experiment is useful as amnesia is demonstrated by an active response.

This suggests that there is no general impairment which is affecting

motivation, motor skill or old memories.

It would 3eem on the basis of the last few experiments that both

the extent of inhibition of training and the subsequent duration of

inhibition are both important. Although Squire and Davis (1975) show

that the extent of inhibition is important, they do not demonstrate

that the duration of inhibition is unimportant, rather they show that

duration of inhibition is not a3 important as the extent of inhibition



training.

Another interesting point is why should such long periods of

inhibition be necessary to promote amnesia. Flood et al (1975a)

mention some pilot work that may throw some light on this point. They

found over very long retention intervals (up to 7 weeks) that mice

allowed a short period of protein synthesis and a long period of

inhibition showed retention 24h after learning but this declined much

faster them saline controls over a 7 week retention interval. This

suggests that for a memory to be maintained for a long period of time,

protein synthesis for many hours after training may be required.

Flood, Bennett, Orme, Rosenzwelg and Jarvlk (1978) and Flood,

Jarvik, Bennett, Orme and Rosenzweig (1977b) have reported the effects

of various depressants (chloral hydrate and phenobarbitone) and

various stimulants (d-amphetamine, strychnine, picrotoxin, caffeine

and nicotine) on anisomycin-induced amnesia. Their findings are that:

a) both stimulants and depressants caused a moderate degree of protein

synthesis inhibition (at most 35% with chloral hydrate); b) stimulants

given after training produced fewer amnesic mice, and this effect was
J

time-dependent, i.e. if the stimulants were given soon after training,

there were fewer amnesic micej if the stimulants were given long after

training, there were more amnesic mice; c) depressants given after

training produced more amnesic mice (time-dependency was not reported);

d) a further dose of anisomycin would counteract the beneficial effect

of the stimulant. Similar findings have been reported by cyclohexi-

mide and amphetamine (Barondes and Cohen, 1968a).

Both papers are interpreted vaguely. Both point out that the

level of arousal after training may be important for subsequent
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retention, high arousal leading to good retention, and low arousal

leading to poor retention. The stimulants are said to cause high

arousal and the depressants low arousal.

Flood, Bennett, Orrae and Jarvik (1977c) report a series of

experiments which use a combination of anisomycin and EES. They found

that the shape of the EES retrograde amnesia gradient (if reference is

made to Figure 3.1, the REM-Dep + EES group displays a shallow

gradient whereas the others display steep gradients) follows closely

to the shape of protein synthesis recovery curves. Their results show

that retention remains susceptible to EES for as long as inhibition is

present. If a short period of inhibition (2h) was used, then ECS

would produce amnesia for that period and then amnesic effect would

gradually decline (paralleling the recovery of protein synthesis). If

inhibition was maintained for a long time (6h), then EES would remain

an effective amnesic agent for that period, and then its efficacy

would decline (again mimicking the recovery of protein synthesis).

These observations replicate and greatly extend earlier findings

with cycloheximide (Andry and Luttges, 1972, 1973). It has been men¬

tioned before that anisomycln's inhibitory action is much shorter than

cycloheximide*sj consequently the duration of inhibition could be

varied and thus the ECS gradient was seen to vary concomitantly. Two

series of experiments were run, one being a passive and the other an

active avoidance task (pole-jump).

Finally, anisomycin has been shown to disrupt long-term

habituation (Squire and Becker, 19751 Peterson and Squire, 1977).

Specific distress cries stopped mice drinking. As little as a few

exposures to the distress cries would cause habituation of this res¬

ponse. Anisomycin given shortly before or shortly after habituation

. /



training prevented habituation of this response. Separate control

experiments were run to exclude the possibility that a conditioned

gustatory avoidance response was being formed.

Discussion and conclusions

It has been found that several structurally different anti¬

biotics which have different modes of action, all have two common

properties! they inhibit protein synthesis, and they produce amnesia.

Some of these antibiotics, such as actinomycin-D are highly toxic,

whilst others, like puromycin, may inhibit consolidation but they also

may affect retrieval. The glutarimides have been used in much

research but one limitation with these antibiotics is that they

produce a relatively long period of cerebral protein synthesis

inhibition. Anisomycin only produces short periods of intense

inhibition and appears to be the least toxic. It also has not been

reported to affect retrieval.

For the sceptical, the one argument that is always used against

antibiotics is that these drugs may not be producing their amnesic

action through the blocking of brain protein synthesis specifically

required for long-terra memory but through some other 3ide effect.

Hie arguments against this are impressive. 1) The fact that struc¬

turally-different compounds that inhibit protein synthesis by differ¬

ent mechanisms yet all produce amnesia makes it unlikely that they are

all producing side effects that act in the same way to affect memory.

2) Analogues of cycloheximide and anisomycin that produce some of the

known side effects but do not affect protein synthesis, do not produce
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amnesia. 3) The inhibitors emetine and pactamycin which do not pass

the blood-brain barrier easily and cause only little cerebral protein

synthesis inhibition do not produce amnesia (Dunn, Gray and Iwone,

1976). 4.) The known side effects of inhibitors on a) locomotor
*

activity, b) tyrosine hydroxylase activity (Squire and Squire, 1978), d)
adrenal steroidogenesis (Squire, St. John and Davis, 1976j Dunn and

Leibmann, 1977), and e) conditioned gustatory avoidance (Squire et al,

1975} Peterson and Squire, 1977), have all been dissociated from their

amnesic actions. One difficulty is that as every new side effect is

found, a separate experiment will have to be done to check whether

indeed it could be that side effect which is important. Of course, it

would be an advance if in fact a side effect could not be dissociated

from an inhibitor's primary site of action.

Cerebral proteins do turn over at appreciable rates. Their

half-lives range from approximately 10 mine, to many days (Lajtha,

1964.; Goldberg and Dice, 1974.). The possibility that inhibitors are

causing amnesia by preventing the replacement of a constitutive brain

protein rather than by blocking protein synthesis specifically required

for permanent memory has been dealt with both for proteins with half-

lives ranging in days (Barondes and Cohen, 1967) or minutes (Sauire

and Barondes, 1976). In the former case it was shown that an injection

of acetoxycycloheximlde 18h before training produced 90 - 95% inhibit¬

ion of cerebral protein synthesis for many Wours and 50 - 60% inhibit¬

ion at the time of training, yet led to no amnesia. This procedure

would have resulted in more depletion in constitutive brain proteins

than injections given shortly before training, yet it is the latter

situation that produces amnesia. In the latter case, for proteins

with short half-lives, an injection of cyclohexlmide given one minute

* c) brain tyrosine concentrations (Spanis and Squire, 1978),
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before training produces amnesia in conditions which would lead to

very little depletion of short half-life brain proteins, whereas an

injection approximately 2h before training produced no amnesia in

conditions which would lead to substantial depletion of short half-

life brain proteins. In both cases, the high level of inhibition at

the time of training led to amnesia, suggesting that this is the

important factor.

It has been demonstrated that protein synthesis inhibitors do

not produce state-dependent learning or affect acquisition. Acquisit¬

ion may be affected if training is prolonged but this has simply been

interpreted to mean that protein synthesis is necessary during pro¬

longed training. If inhibitors are given shortly before training then

memory will appear normal for a short time and then subsequently

decline. Both the extent and duration of inhibition have been found

important for the subsequent degree of amnesia. The level of training

is important? if animals are overtrained, then the incidence of

amnesia is reduced. However, extended periods of inhibition after

training will reinstate the amnesia,

Anisomycin has been found to Impair memory in a variety of

situations: passive avoidance, active avoidance discrimination and

habituation. In the majority of the experiments described in detail,

notes have been included that care has been taken to avoid confusion

that might arise from circadian variations in performance. What has

always been ignored is the possible affects of sleep. In virtually

all the experiments, one might argue that the amnesia might be caused

by the disruption of REM sleep. It has already been pointed out that

anisoray0*11 increases the time between sleep onset and the first

appearance of REM, and that high doses increase this time still
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further (up to 7h). It ±3, however, an unlikely argument, for it

supposes that no cerebral protein synthesis of the kind required for

engram-formation occurs other than during REM sleep. Of course, it

would be enlightening if an experiment was done where the training

level was such that a small dose of aniaomycin caused no amnesia but

a subsequent dose after training did. If the latter dose was replaced

by a period of RHM-deprivatlon and amnesia was caused, this would

suggest equivalence between a dose of inhibitor and a period of REM-

deprivation.

In view of the findings of Flood et al (1977c) and of Fishbein,

McGaugh and Swarz (1971), another experiment one might next expect to

see would be a combination of both techniques. If RM sleep i3 impor¬

tant to memory because of its possible effect on cerebral protein

synthesis (Oswald, 1969)» then if mice were trained and then RJilt-

deprived for 72h, and then given ECS at varying intervals, the

retrograde amnesia gradient found should be the same as found by

Fishbein (refer to Figure 3.1). If Flood et al are correct in think¬

ing that the shape of the ECS gradient is dependent on the conversion

of an unstable memory to a protein synthesis-dependent long-term

memory, then if anisonycin is given after a period of REM-deprivation,

it should be possible to extend the period of time that ECS is effec¬

tive in disurptlon memory. What one might find is an extended retrog¬

rade amnesia gradient which could be varied in length depending on the

duration of anisomycin-induced protein synthesis inhibition.

If a full combination of both experiments were to be carried

out, the bulk of the groups should show no amnesic effects} however,

they would not be redudan^ but would act as important controls. The
group of interest would be the following! Training > 72h
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deprivation ^ Anisomycin ^ECS at varying intervals from

0-12h ) 2 weeks recovery >Retention test.

If memoiy was indeed found to vary systematically with the ECS

and anisomycin approximately 72h after training, then this would

suggest that the REM-deprivation procedure had interfered with some

memory-governing protein synthetic mechanism. Apart from the practical

difficulties of running this type of experiment, the main problem may

be that a combination of REM-deprivation, anisomycin and ECS might

prove to be too much for mice to survive.

There is one indication that inhibitors do not affect memory by

their action on subsequent REM sleep} the crucial element of the time

relative to training that an inhibitor is given for it to produce

amnesia. Generally, if an inhibitor is given between 5-30 mins.

after training the incidence of amnesia is usually very much reduced.

An inhibitor (except puromycin) given 30 mins., or later, after train¬

ing produces no amnesia. If the incidence of amnesia is greatly

reduced simply by giving the inhibitor shortly after training instead

of before, it would seem unlikely, although ntf impossible, that this

slight variation in time is going to affect the efficacy of REM sleep

some hours later. The onset of REM sleep can easily, in the normal

case, vary within half an hour.

Another possible indication comes with Flood et al's (1977b,

1978) reports on the effects of stimulants and depressants. On the

surface, it might seem that for a sleep hypothesis to be correct, the

depressants should enhance memory rather than reduce it. In fact,

although chloral hydrate and phenobarbital may aid in inducing sleep,

they would almost certainly disrupt REM sleep. Thus, if REM sleep

was important a deterioration in memory would be predicted. The
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stimulants, on the other hand, would both disrupt sleep and REM

sleep, so they should also produce a higher incidence of amnesia.

Clearly, this did not happen. However, if Flood at al are correc-^ in

supposing that another variable, arousal, has been introduced in these

experiments, then one can argue that this variable has a greater

effect than either protein synthesis inhibition or REM sleep.

If the foundations of a permanent and durable memory are

dependent on protein, there is one problem: cerebral proteins are not

permanent and durable. It has already been said that cerebral

proteins' half-lives vary from minutes to weeks, not years. It is

obvious that the proteins must fce renewed. It would seem that a

suitable time for the renewal (or maintenance) phase of memory would

be during sleep, a time when the brain is almost completely isolated

from the environment and a time which already appears to be linked

with general tissue restoration (Adam and Oswald, 1977). If REM sleep

is connected with this maintenance phase, it may explain why in some

situations lengthy periods of REM-deprivation are necessary before

impairment of memory is found. In these situations depletion of

proteins with long half-lives would only gradually occur.

Finally, the evidence is strong that protein synthesis inhib¬

itors induce their effect on memory by interfering with memory-

related protein synthesis. However, if overtraining occurs or

inhibition is weak, amnesia will not result. It has already been

said that in some situations, with glutarimides, even brief training

and extensive inhibition may sometimes result in a transient amensla

of a couple of days followed by a recovery of memory. Barondes (1975)

has suggested two alternative explanations: 1) That a protein

synthesis-dependent process is induced very strongly in conditions of
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normal training, so weak training plus high inhibition is necessary

before interference of memory will take place. 2) That a protein

synthesis-independent process is initiated at training and may per¬

sist for long enough to Initiate a protein synthesis-dependent

mechanism which becomes active after the effect of an inhibitor

declines. Barondes shows that a combination of the two explanations

can handle all the available data, I should like to amend the second

explanation and suggest, like Flexner, Flexner and Roberts (1966)

that the protein synthesis-independent process is mediated by a stable

messenger-RNA (m-RNA), The inhibitors described have all worked at

least at a level which prevents translation of m-RNA. If stahle

m-RNA was formed at acquisition, it may survive the period of inhib¬

ition (bearing in mind that protein synthesis inhibitors not only

prevent synthesis but also slow down degradation). When synthesis

again begins, it would be translated, thus allowing an apparent

recovery of memory«v On its own, this suggestion is not viable, as

the recovery of memory usually occurs a couple of days after training,

well after the time inhibition has stopped. However, this is probably

around the time that sleep is also recovering. Perhaps normal sleep

is a time which is particularly conducive for translation.

General conclusions

The ECS studies indicate that one cannot be dogmatic about the

time taken for consolidation to take place. They indicate that many

variables will apparently affect the time in which a temporary and

unstable memoiy trace is converted to a permanent and durable one.
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Studies of memory REM sleep suggest that REM sleep is connected

with rodent memory. The effects of REM-deprivation both prior to and

after training appear deleterious.

The protein synthesis inhibitor studies support the connection

between protein synthesis and memory.

Many studies do not take account of the possible confounding of

circadian variations of performance. Those that do invariably ignore

sleep. If sleep is a time for enhanced protein synthesis and as

memory i3 linked with protein synthesis, sleep should not be ignored.

Both experiments that induce some pathological brain state and

those that simply examine the characteristics of memory in a normal

brain state show that one cannot expect just a simple decline in

memory after acquisition. Improvements in recall do occur, invariably

when periods of at leaut a day are considered, in periods in which one

can expect sleep to have occurred (Daniels, 1971b; Deutsch, 1971;

Flexner et al, 1966; Huppert and Deutsch, \%°\ ; Jaffard et al, 1974J

Quarter-main and McEwen, 1970; Uretsky and McCleary, 1969).



• 85 -

CHAPTER A

SLEEP AND MEMORY IH HUMANS

Introduction

This chapter will review literature dealing specifically with

sleep and memory in humans. The previous chapters have indicated why

sleep and memory may be linked. Chapter 3 reviewed some of the

animal literature on sleep and memory and it was seen that REM-

deprivation either before or after learning could affect subsequent

retention. There appeared to be no effects on acquisition or short-

term memory.

This chapter will first run over some of the historical liter¬

ature and then examine the modern literature which will be divided

into the following sectionst

1) Sleep after learning at various times
2) Sleep-deprivation and long-term memory

3) Selective sleep-deprivation and long-term memory

4-) Sleep-deprivation and immediate memory

5) Selective sleep-deprivation and immediate memory

6) Sleep augmentation studies

Earlv experiments

In the beginning, investigators devoted their efforts to measur¬

ing "the curve of forgetting". Material was learnt at some time in

the day and retention was measured at varying time intervals after¬

wards. The intarva3-3 measured ranged from minutes to months. The

first known investigator, Ebbinghaus (1885) believed that the rate of

forgetting was a smooth curve (Figure 4-.1). Consequently, the
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O Observed results

X Corrected results

minutes hour
8

. 24 .48 . 6 time (loge)hours hours hours days

Ebbinghaus (1885)

Figure 4.1 Ebbinghaus's results
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Irregularity he actually found in his results was amended so that a

smooth curve was obtained. This smooth curve may be found in most

introductory psychology test-books. Figure 4.1 also shows his

original results. It can be seen that an improvement in retention

occurred in the period between 8 and 24h. Ebbinghaus rejected the

thought that sleep was important and assumed that a discrepancy had

produced the result (actually a significant discrepancy, t = 2.48,

P < 0,05 using a matched t-test). It is interesting to note that the

first experimental work on human memory showed what may have been a

sleep effect.

Radosavljevich (1907), in his study found similar results to

those of Ebbinghaus, that is to say rapid forgetting up to 8h after

learning and then a decline in rate sometime during 8 and 24hj one

presumes when sleep might have occurred. Various other researchers

(Bean, 1912j Finkenbinder, 1913J huh, 1922j Kicolai, 1922) found

similar results. One criticism of these early experiments may be

made: they generally made little effort to control for possible

effects of diurnal variation even though most realized that this might

be a confounding factor. Also, although this was common in early

experiments, the experimenters usually acted as their own subjects and

sometimes their only subjects.

Not all early experiments were without independent control and

experimental groups, Heine (1914) performed an experiment which is

occassionally cited in the literature. Two groups of subjects were

used. One group learnt nonsense syllables shortly before going to

bed and relearnt the material 24h later (EVE 24). The other group

learnt the nonsense syllables in the morning and relearnt the follow¬

ing morning (MOR 24). Sleep was allowed to occur. She found that the
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EVE 24 group had higher savings (-47%) compared to the MOR 24 group

(36%).

Savings are calculated in the following manner!

Number of learning trials
_ Number of relearning trials

taken to reach criterion ~ taken to reach criterion
X 100

Number of learning trials
taken to reach criterion

The difference between learning and relearning is divided by the

number of original learning trials in order to equate the subject's

initial learning.

This experiment had only four subjects in each group. The

criterion for original learning was confounded between groups and

there was no account taken of potential circadian variations. Never¬

theless, this report has been cited as evidence that learning immed¬

iately before sleep is more beneficial for retention than learning

many hours before sleep. The experiment's weakest point is the lack

of control between the two groups' initial learning.

Jenkins and Dallenbach (1924) tested the free recall of ten

nonsense syllables which had been learnt to a criterion of one perfect

recitation. Retention was measured 1, 2, 4 and 8h after learning.

The retention intervals of 1, 2 and 4h will not be considered fully as

there is some doubt about how awake the subjects were when they were

asked to recall in the middle of th8 night. Quoting Jenkins and

Dallenbach!

"During the experiments at night the subjects were separ¬
ately waked, after the appropriate interval by the exper¬
imenter, who was himself waked by an alarm clock, and they
were taken one at a time to the experimental room where
their reproductions were received. After a few experiments,
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the experimenter found It difficult to arouse the subjects
and difficult to know when they were awake. The subjects
would leave their beds, go into the next room, give their
reproductions, and the next morning sav that they remembered
nnt.Mnp of -it.."

Their results are shown in Figure 4.2. The differences found

between the sleep and waking conditions 1, 2 and 4h after learning

remain unconfirmed. Dahl (1928), using recognition as a measure of

retention, did not obtain the same clear result; nor did Van Ormer

(1932) using savings as the retention measure.

The reason Jenkins and Dallenbach (1924.) did their experiment

was, in fact, to see whether Ebbinghaus's decline in the rate of

forgetting was caused by sleep. However, their experiment and the

subsequent experiments were used as evidence in favour of Interference

Theory. At its simplest, this theory suggests that forgetting occurs

because of a detrimental interaction between old memories and new

stimuli. What Jenkins and Dallenbach reported was that if subjects

were isolated from new stimuli by being asleep they recalled more than

if their subjects were left awake and carried on their normal daytime

activities. Of course, in normal daytime activity subjects are being

continually bombarded by nonsense stimuli which interfere with

previously learnt nonsense syllables.

S3,eep flftep learning at various tiffep

Jenkins and Dallenbach1a observation at the 8h retention interval

has been confirmed many times. Normally, two groups have been used,

one learning in the morning and recalling in the afternoon (Awake

group), the other group learning in the evening and recalling the
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Jenkins + Dallenbach (1924)

Figure U.2
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following morning (Sleep group).

Newman (1939) used three short stories as learning material.

The subjects were required to recall the entire 300 word passage.

Each story was designed so that there were 12 essential points and

12 non-essential points. The stories were scored by three independent

judges. There was no difference between the sleep and awake conditions

in recall of the essential elements (Sleep = 8Awake » 86%) but a

large difference in recall of the non-essential elements (Sleep « 47%;

Awake «* 22%). No statistical treatment was carried out but I have

found the difference between the Sleep and Awake conditions to be

significant (< 0.012, two-tailed sign test).

Ekstrand (1967) used two paired-associate lists of 12 pairs

which were learnt to a criterion of one perfect recitation. In

paired-associate learning, subjects have to learn a response term (B)
to a stimulus (A). At first they see "A" which is adjacent to or

followed by (B). On free recall trials, they usually have to remem¬

ber "B". On paced recall trials, they are shown "A" and have to

recall "B". Any type of material may be used for these items. For

example, "A" could be a common word and "B" could be a nonsense

syllable, giving "Apple - BIJ". In Ikstrend'a case common words were

used both as stimulus and response terms. Two experiments were con¬

ducted. In the first, one paired-associate list was learnt (A-B) and

recall was measured 8h later (half the subjects learnt in the aorning

and recalled in the afternoon, and the other half learnt at night and

recalled the following morning). There were no differences between

groups in initial learning performance as measured by the number of

trials taken to reach criterion. Four retention measures ware used.

The first was performance on a paced recall trial on the memory drum.
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The Sleep group recalled significantly more than the Awake group. The

next measure was free recall. In this situation the subjects were

provided with a sheet of paper on which the stimuli in the list were

printed. Unlimited time was allowed to print the correct responses

adjacent to each stimulus. The Sleep group recalled significantly

more than the Awake group. The third measure was associative matching

performance. The subjects were provided with a 3heet listing all the

stimuli and all the responses in a random order. The task was to pair

them correctly. Performance in both groups was essentially perfect.

The last measure was relearning the list to the original criterion.

There was a small but non-significant difference in favour of the

Sleep group. Savings were not calculated.

In Ekstrand's (1967) second experiment, both Sleep and Awake

groups learnt one list (A-B), then both learnt a second list (A-C),
The same stimuli (A) were used in both lists. Half the subjects from

each group had to recall the responses from the first list they

learnt, and half the subjects had to recall responses from the second

list. The same retention measures were used as in the first experiment.

There were no significant differences between the Sleep and Awake

groups in the paced recall trial. The scoring for the free recall

measure was slightly modified in this experiment. Three scoring

methodc were employed. The first method (lenient recall) consisted of

counting the response terms that were correctly recalled, disregarding

the stimuli with which they were paired. The second method (moderate

recall) was a count of appropriate pairings of response and stimuli.

In the third method (stringent recall), a response to be counted

correct needed to be recalled and paired with the appropriate stimulus

and to be Identified correctly as being from the first or second list.
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Sleep benefited both first and second list groups. Associative

matching reached ceiling in the second-list recall groups, but for

first-list recall groups sleep was found to be beneficial. In

relearning the first list, the Sleep group was significantly better.

Savings were not measured.

Ekstrand summarises his results by saying that sleep facilitated

recall on a single list and in the case of two lists, sleep facilitated

recall in both lists and produced recovery of extinguished first-list

responses. (Extinguished first—list responses are those responses

that are learnt initially and then dropped. The subjects learn on

list •A-B' and then another list 'A-C', the stimulus term being the

same. They are then asked to recall 'A-B'. With regards to the

recovery of exiinguished first-list responses, Postman, Stark and

Fraser (1968) have shown that recovery my occur in 20 mins. Possibly

the Sleep group is exhibiting an early recovery. It is not possible in

this experiment to say that sleep caused recovery, for Ekstrand'3

subjects took between 30 and 4-5 mins. to fall asleep (determined by a

questionnaire taken on the following morning). Thus the recovery

might have occurred before sleep took place.

Another difficulty is common to this type of experimental design.

If a circadian dip in recall performance capability in the afternoon

were present then it would be this that was causing differences

between the Sleep and Awake groups.

Lovatt and Warr (1968) used a 12-item list of paired associates

and retention was measured by paced recall. The Sleep group took

significantly longer to learn the material than the Awake group. It

is unfortunate that the Sleep group took significantly longer to learn

their list, as this may have influenced recall.



On the whole the evidence is clear that if one group learns some

material in the morning and recalls or relearns it in the afternoon

they are likely to perform poorly when compared to a group which learns

in the evening and performs retention tests the following morning.

Although the former groups*s retention interval is filled with waking

and the latter group's retention interval with sleeping, this does not

mean that sleep is causing the difference. Several other suggestions

are possibles

a) Clrcadian variation of learning performance.

b) Circadian variation of relearning or recall performance.
c) Something unique about learning in the morning or the

evening.
d) An improvement with evening learning that occurs before

sleep,
e) An improvement that occurs during the night that is not

connected with sleep.

Also, this thesis maintains that improvement may occur in memory

through some manifestation of sleep's restorative function. The

experiments so far described may also confer an improvement in memory-

through sleep's sensory-isolation quality, not through its restorative

capacity.

There are some other experiments that shed a little light on

these suggestions. One of these, McGaugh and Hostetter (1961), may be

found in an introductory psychology text-book. There is little

indication of how the experiment was carried out or the statistical

significance of the results determined. The design and results are

shown in Table 4.1. The time of learning has been guessed, but if a

night's sleep was allowed the times should be correct. The results

have been taken to suggest that consolidation occurs within 8h and if

consolidation is allowed to ocour in a stimulation-free environment
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Time of Learning Retention Interval Time of Relearning Savings %

Evening
Afternoon

8h«Sleep + 8h-Avake
3h-Awake + 8h-Sleep

Afternoon

Morning

86

59

Table 4.1 McGaugh and Hostetter (1961). Design and results.

then better retention occurs. This may be the case, but the results

are at odds with similar experiments.

Ekstrand, Barrett, Vest and Maier (1977) performed three

experiments with various parameters in which they were interested

(including degree of original learning and imagery value of words).

They used three groups. The experimental design is shown in Table 4.2

and the results in Table 4.3.

Group Time of Learning Retention Interval Time of Recall

No Sleep

Delayed Sleep
Immediate Sleep

Morning
Afternoon

Evening

7h-Awake + 7h-Awake

7h-Awake + 7h-Sleep
7h-Sleep + 7h-Awake

Evening
Morning
Afternoon

Table 4.2 Ekstrand et al (1977). Design,

Ho Sleep Delayed Sleep Immediate Sleep

Experiment 1 70 75 83

Experiment 2 61 82 77

Experiment 3 56 70 70

Overall 62 75 77

Table 4,3 Ekstrand et al (1977), Mean percentage recalled.
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It will be seen that the overall results show differences

between the two groups who have slept (Delayed and Immediate Sleep)

and the group which did not sleep, but no difference between the

Immediate Sleep and Delayed Sleep groups. Thus, McGaugh and

Hostotter's observation is not confirmed. However, different retention

measures had been used in these experiments* McGaugh and Hostetter

used savings and 3cstrand used recall.

Benson and Feinberg (1977) used a meaningful paired-associate

list. Five retention measures were used* a) Free recall; b) Paced

recall; c) Percentage Paced recall; d) Relearning, and e) Savings.

Several groups were compared but the two that are relevant here are

their delayed and immediate sleep groups. The conditions are similar

to 3cstrend's except for the fact that the retention interval was I6h

(8h awake and 8h sleep). Benson and Feinberg found no differences

between immediate and delayed sleep on their recall measures but a

significant difference favouring the immediate sleep group on the two

relearning measures. The only difficulty with their observations is

that the list used was very easy and on recall and relearning most

subjects remembered the list almost perfectly. Anyhow, their obser¬

vations seem to confirm both McGaugh and Hostetter, and Hkstrand.

These results are awkward to understand. 3cstrand'a observat¬

ions at least indicate some sleep is better than no sleep as far as

recall measures go. They also suggest that it does not matter where in

the retention interval sleep occurs. The relearning measures on the

other hand, from the other two authors, throw little light on a

possible effect of sleep as both groups have slept. It must be

mentioned that both McGaugh and Ilostatter and Benson and Feinberg

(1977) did use other groups. However, these groups were the same as



those used in Jenkins and Dallenbach's (1924.) experiment, and as such

merely confirmed what seems to be a reliable effect. Benson and

Feinberg (1977) also used groups that had 24h retention intervals.

These groups will be discussed shortly.

On the whole it seems that looking at retention intervals of

approximately l6h has not been very Illuminating.

Retention intervals of 24h, or multiples of 24h, have not been

used very often. This is perhaps unfortunate, for a 24h interval

allows one to discount any potential circadian variation. If learning

and relearning, or recall, take place at the same time of day, there

are unlikely to be any confounding diurnal effects. The rationale for

these experiments is the same as used by Jenkins and Dallenbach (1924.).
Heine (1914) was the first to use a retention interval of 24h

but her results must be discarded, for her two groups learnt their

material to varying criterion levels.

Graves (1937) was the next to try. She acted both as the

experimenter and sole subject, and used retention intervals of 24-, 48,

72, 96 and 144b. A list of 12 nonsense syllables learnt to a criterion

of two errorless recitations were employed. Learning took place

either in the morning or in the evening and retention was measured by

savings. There was no indication whether there were any differences

in initial learning, thus making any interpretation difficult. She

did not find any differences comparing morning and evening learning

and releaming 24h and 4Sh after learning, but a difference emerged at

72h, 9<ah and 144h. (I have performed the Wilcoxon matched-pairs

signed-rank test on the original data and found differences at P< 0.01

at the 72h and 96h retention intervals. Hiere was net enough data

collected for ary statistical test at 144h.)
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Glbb (1937)| using six subjects and savings as the retention

measure, found non-significant differences at the 24h, 72h and 96h

retention Interval, and a significant difference as 4-Sh (p<0.01).
Richardson and Gough (1963), using 18 subjects, nonsense

syllables and savings found no significant differences at the 24h and

4.8h retention intervals, but a significant difference at l/(7t.h

(r<o.oi).

It can be seen that for retention intervals longer than 24h, there

is a scarcity of data. There is some indication, albeit a weak one,

that sleep soon after learning confers some benefit on subsequent

recall.

For the 24h period more modem evidence is available. Ekstrand

(1972) had subjects learn a meaningful pairad-associate list of 15

pairs to a criterion of one perfect recitation. Recall was tested 2%h

later. One group (Sve) learnt in the evening and went to bed immed¬

iately after learning, whereas the other group (Mor) learnt in the

morning, slept during the night and recalled the following morning. The

Eve group recalled 81% of the list and the Mor group recalled 66% of

the list.

Ekstrand et al (1977) have since repeated the experiment using

the same paired associate lists, the same degree of learning, and the

same procedures. The Bye group was found to recall 72% of the list and

the Mor group recalled 80% of the list. The difference wa3 not signify

icant, so the effect was not replicated.

Benson and Feinberg (1975)» using nonsense syllables, measured

retention with free recall, paced recall, relearning trials and

savings. There were no differences in any of the measures when a

group which learned in the morning was compared to a group which



- 99 -

learned in the evening. On the other hand, Benson and Feinberg

(1977), using a meaningful paired-as3C0iate list and five retention

measures, found significant differences using free and paced recall

and percentage paced recall, and no difference ualng the relearning

and savings measure. Table 4.4 summarizes the results for the 24h

retention interval.

Author Retention measure Result

Graves (1937) Savings No difference

Gibb (137) Savings No difference

Richardson and Gough (1963) Savings No difference

Ekstrand (1972) Recall Difference

Ekstrand et al (1977) Recall No difference

Benson and Feinberg (1975) Recall and Savings No difference

Benson and Feinberg (1977) Recall Difference
Relearning and Savings No difference

Table 4.4 Summary of comparisons between morning and evening
learning using a 24h retention interval

On the whole the results are not convincing. Hestrand (1972)

initially found a difference between morning and evening learning on

subsequent recall, but when he tried to extend and then replicate his

results no difference was found. Although Benson and Feinberg (1977)

did find differences in their recall measures, it is not very satisfy¬

ing to find that the same subjects did not show the difference in the

relearning and savings measure.

These results do not support the idea that sleep soon after

learning is better than sleep many hours after learning. In other

words, if sleep does aid consolidation then it seems it can aid it
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many hours after learning. Certainly, if sleep is involved with

completing consolidation, then a lack of difference between morning

and evening learning should not be a surprise.

To summarize the evidence so far, if retention intervals of 8h

are used and one group learns in the morning and is tested in the

afternoon, this group will perform poorly in recall or relearning

tests when compared to another group which learns in the evening and

is tested the following morning.

When a retention interval of 16h is used and where one group is

allowed sleep and another is not, then (dkstrand at al, 1977) the

group which ha3 slept may recall more than the group which has not

slept. If groups are used that both sleep but one receives sleep

immediately after learning and the other Sh later, then there appears

to be no difference in recall measures, but a significant difference,

favouring the immediate sleep group, in relearning measures.

If a retention interval of 24h is used there may or may not be

differences in recall when groups who have either been allowed to

sleep immediately or receive sleep I6h after learning are compared.

There are no differences using relearning measures.

If retention intervals of greater than 24h are used the results

are equivocal.

It is only with retention intervals of 24h that one can be sure

that within-subject circadian variations cannot be occurring. Yet the

difficulty with using this retention interval is that invariably the

groups that are being compared have both slept. If sleep is causing

any effect it must be causing it equally between the groups. On the

other hand, it may not be causing any effect at all. The 16h reten-
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tion interval sheds little light on the situation. The 8h retention

interval, for the reasons listed earlier, cannot with certainty say

that it is sleep that is allowing better performance on retention

measures. The only way one can categorically point to sleep is to

deprive subjects of their sleep.

Sleep deprivation and long-term memory

There are only three studies that have used a sleep-deprivation

procedure to determine whether sleep lias any effect on long-term

memory. The most likely reason as to why there are so few studies i3

because sleep-deprivation causes a deleterious effect on immediate

memory. These studies will be described later in the chapter. As a

foretaste it will be said that total sleep-deprivation causes a

reliable and detrimental effect on immediate memory and that selective

sleep-stage deprivation procedures appear to cause no reliable

effects.

Some details are results of the sleep-deprivation and long-term

memory studies are shown in Table 4.5.

Williams, hubin and Goodnow (1959) used 25 items of general

interest (selected from an almanac). Subjects heard the list once and

were asked to recall it immediately. They were told immediately

whether they had been correct or not. A few minutes later, they were

again asked to recall the list (R2). 23h later the subjects again

attempted to recall the list (R3). During this and subsequent periods

they were not allowed any sleep. The difference between the third and

second recall was taken as the recall measure. When compared to
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Author Subj Design Mode Task Result

Williams,
lubin and
Goodnow
(1959)

20

Indep. control
l-%4 nights
alp. dep

Oral

25 infor¬
mation
items

Significant
after 2, 3
and 4- nights
sip. dep

Williams,
Giesking and
Lubin (1966)

35
Indep. control
1 night sip.
dep

Visual
Passport
photographs No effect

Vojtechovsky
et al (1971) 21

Indep. control
1-2 nights
sip, dep

Visual
Prose

10 Paired
associates

15 Arabian
3-syllabic
words

No effect

Significant
after 2
nights sip.
dep

Significant
after 1-2
nights sip.
dep

Table 4.5 Sleep-deprivation and long-term memory

controls, subjects who had been sleep-deprived for two nights or

longer were found to be impaired. Their results are shown in

Figure 4.3.

Williams, Giesking and Lubin (1966) attempted to extend this

finding. Unfortunately, there was no measure of immediate recall and

hence the degree of original learning was not known. Thus it was not

known whether the control or experimental subjects differed in this

respect. In any event, one nights sleep-deprivation was not found to

have any effect,

Vojtechovsky, Safratova, Votava and Feit (1971) used a batteiy of

seven tests: a prose passage, 10 paired-associates, 15 Arabian words,

"visual retention according to Veilli, topographical retention accor¬

ding to Raiskup", tachistoscopic visual retention and digit span.
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This report is essentially a long abstract of a paper presented at a

symposium in Marianske Laxne. Consequently there are no details of

the experimental procedure. The subjects learnt the material in the

evening and were then sleep-deprived for two nights. Retention of the

palred-associate3 was measured 8h and 32h after learning. A new list

of Arabian words was learnt on the evening of the second night and

retention was tested 8h later. For the paired-associate material,

comparisons were made between the sleep-deprived group and an indepen¬

dent group who were allowed to sleep, Recall of the paired-associate

list was impaired after two nights sleep-deprivation. Although

circadian differences may have crept in within groups, this is not

relevant for the comparisons were made with independent controls.

It is not clear from the report of Vojtechovsky et al, what

exactly happened with the 15 Arabian words. It seems subjects were

given 5 mins. to learn the words. I assume that the Arabian words

were presented alongside with the Czechoslovakian words (the subjects

were Czechoslovaks). It is uncertain whether the words were presented

visually or orally, although I presume the former. Retention was

measured immediately and in two ways. First, the subjects were presen¬

ted with the Arabian words and had to recall the Czechoslovakian

words. Second, the subjects were presented with the Czechoslovakian

words and had to recall the Arabian words. Hie first method was

called "Passive recall" and the second method "Active recall". Hie

authors state that there were no differences in learning between the

two groups but they do not make clear whether the lack of difference

refers to the passive or active recall, for only one statistic 13

presented. I assume that this statistic refers to the active recall

for the authors never again mention passive recall. After one night's
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sleep-deprivation, Vojtechovsky et al found with the active recall

method that the sleep-deprived group recalled 24% less Arabian words

than they had done the previous night, whereas the group who slept

recalled 42% more Arabian words. Strangely, no statistics are presen¬

ted for between-group comparisons, only these within-group compar¬

isons. I find it difficult to accept the author's conclusion that

retention of unusual verbal material is impaired after one night's

sleep-deprivation. If both passive and active recall tests had shown

the sleep-deprived group impaired then the conclusion might be

justified. However, as only one retention measure of the same learnt

material was affected, this raises some doubt, as the passive test may

have acted as a cue for recall in the active test. Also, as the sub¬

jects had to recall words that had just been seen (the Arabian words

having been presented in the passive recall test) then the active

recall test may simply have been reflecting an effect on short-term

memory. So, what the authors may have been showing is that sleep-

deprivation affects short-term memory. A new set of Arabian words

were learnt after the first night's sleep-deprivation and retention

was tested the following morning after another night's sleep-

deprivation. Again, only a difference in the active recall test was

found and again cueing and short-term memory-impairment may have been

causing the effect.

Vojtechovsky et al found no other effects on any of the other

tests.

Considering all three reports in this section, there seems to be

evidence suggesting that two or more night's sleep-deprivation is

deleterious to long-term retention. However, the evidence is weak

with regard to impairment being found after one night's sleep-
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deprivation. There is no evidence to suggest that the deficit in

retention after two night's sleep-deprivation is caused by either

impaired storage of the memory trace or impaired recall performance.

This chapter will now examine whether deprivation of a

particular sleep stage has any effect on long-term memory.

Selective sleep stage deprivation and long-term memory

Experiments on REM-deprivation fall into two categories that are

similar to those found in animal studies. The questions asked were

whether REM-deprivation before learning had any effects on subsequent

retention and whether REM-deprivation after learning had any effects.

In the following experiments REM-deprivation has occurred before

learning and the aim of the experiment is to determine whether the

deprivation is affecting subsequent learning and retention.

Feldman and Dement (1968) used a list of nine paired four-

letter nouns (word-pairs) learnt sifter one night's REM-deprivation.

Subjects learned the items from a memory drum by the serial antici¬

pation method to a criterion of seven or more items correct on two

successive trials. No significant differences were found between the

experimental and control conditions in learning but a significant

effect in relearning approximately three days later. When savings

were calculated a treatment effect was present. The level of signif¬

icance was taken as P 33 0.1. There were experimental difficulties

caused by illness on the part of the experimenter and also some

subjects had to be dropped for not following anti-rehearsal instruc¬

tions. This ruined any counterbalancing that had been conceived.
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Nonetheless, Feldman (1969) attempted to extend these results using

10 pairs of subjects. A list of paired-associates, a list of con¬

sonant trigrams and two prose passages were used. Subjects were

REM-deprived for two nights. The retention interval was one week. No

differences were found between the control and experimental groups.

Greenberg, Pearlman, Fingar, Kantrowitz and Kawliche (1970),

using a 100 paired-associate list, found no effect in learning perfor¬

mance after three night*s REM-deprivation. No statistical treatment

was presented and it is not known whether retention was measured.

Chernik (1972), after two night's REM-deprivation, found no

significant effects between control and experimental groups on

learning a list of 20 trigrams (both meaningful and nonsense). The

results are summarized in Table A.6. There is no evidence to suggest

that prior RKM-deprivation causes any impairment to either learning or

recall.

There have been many attempts to see whether REM-deprivation after

learning causes impairment of subsequent retention, Feldman and Dement

(1968) were the first to try. They used a list of nine consonant

trigrams and a list of nine groups of four digits. They found no

significant effects with the consonant trigrams and, in their view, a

moderately significant effect with the savings scores of the four-

digit material (P =» 0.1), As counterbalancing was not perfect,

because of extra experimental difficulties, and because the use of

night workers in the subject pool i3 questionable, the result can be

ignored. To quote the main author: "it appears that the particular

imperfections in internal validity for the design involving the four-

digit number material irtlaccount for most of the strength
of the observed Treatment effect in savings performance scores".
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r -
Author Subj Design Mode Task Result

Feldman and
Dement
(1968)

18
Own control
1 night
REM-Dep

Visual 9 Paired-
associates

Releaming :Signif .
Savings:Signif.

Feldman
(1969) 20

Indep.
control
2 niphts
REM-Dep

Visual

9 Paired-
associates

9 Consonant
trigrams
2 Prose
passages

Releaming:No effect
Savings:No effect
Relearning:No effect
Savings:No effect
Releaming:No effect
Savings:No effect

Greenberg,
Pearlman et
al (1970)

4-
Own control
3 nights
REM-Dep

Visual
100 Paired-
associates No effect

Chernik
(1972) 32

Indep.
control
2 nights
REM-Dep

Visual 20 trigrams No effect

Table 4.,6 ^^-deprivation before learning. Summary of results.

Einpson and Clarke (1970) provide evidence for the suggestion that

REM sleep has an important part to play in the consolidation of memory.

Ten pairs of male student volunteers, after one adaptation night, spent

the second night in adjacent laboratory beds. The subjects listened to

a tape-recording of the material to be remembered. One subject was ran¬

domly assigned to be REM-deprived (RKM-dep) whenever he showed sigr.s of

the REf^state. The criteria set out by Rechtschaffen and Kales (1968)

were used. Both subjects were woken and kept awake for 5 mins, after the

REM-dep subject showed signs of REM. At the end of the night both sub¬

jects were woken and asked to write out all the material they had

previously heard. Three types of material were used: 1) A 32-item
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word list. 2) Five sentences which were syntactically correct but

meaningless (to use the author's example, "The academic liquid

attempted a deep bar"). The list and sentences were presented five

times, each followed by 3) Two readings of a 162-word prose passage.

The REM-dcprivad subjects had significantly less REM than the

yoked controls (7.2 mine, vs 4-5.7 mins.) but also slept less

(337.8 mine, vs 368.1 mins.) and had significantly more slow wave

sleep (97.4- mins. vs 75.1 mins.). The subjects recalled the test

material lOh after learning.

The amount recalled by both groups shoved systematic differences

in that the REM-deprived group recalled less than the yoked controls.

The differences were significant for the nonsense sentences and the

prose, A major problem with this study is that no immediate recall

scores were taken so it must be assumed that there were no differences

in learning ability between the two groups. This is an awkward

assumption to have to make. The systematic differences may have

arisen from the fact that the yoked controls were poorer learners com¬

pared to the REM-deprived group. Certainly the conclusion that REM

sleep "has an important part to play in the consolidation of memories"

i3 unwarranted since the results could also support the hypothesis

that RKM-deprivation interferes with recall. A further problem

occurred when Eknpson was re-analysing his data. He found that the

difference between the REM-deprived group and the yoked controls lay

in the first half of the prose passage. There were no significant

differences in the second half of the passage between the two groups.

This is a curious result which probably stems from some peculiarities

in the prose.

Levy and Coolidge (1975) attempted to replicate the experiment.
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They first checked on what the immediate recall of Etepson and Clarke's

experiment might be. They found that subjects recalled 53% of the

words in the passage correctly. Stepson and Clarke found that the P.U4-

deprived group recalled 56% of the words, and the yoked control 73%.

If the subjects in both experiments are considered compatible, and it

is further assumed that both groups in the Etepson and Clarke experi¬

ment learnt the material to the sane degree, then it would seem that

the group which had mora REM sleep improved in the amount recalled.

This is explicable if the group which recalled more had consolidated

the prose more quickly than the other group. Differential decay

rates, or an interpretation from interference theory are both unlikely

candidates for explaining improvements in recall.

Levy and Coolidge's attempt at replication was a poor one for

they reduced the lOh retention interval to approximately 3h and the

sleep period occurred during the day. Further, groups either learnt

the material in the morning or the afternoon. Groups which slept in

the morning had more REM and less slow wave sleep (SWS) than groups

which slept in the afternoon. Using two a posteriori groups

(Group REM; 6.39 mins. REM and no Stage 4-» and Group ly\ 11-67 mins.

Stage 4- and no REM) they confirmed Stepson and Clarke's original result

although they say that this was "due chiefly to predicted differential

recall of the two halves of the story".

Levy and Coolidge also reversed the first and second halves of

the story, and by rearranging the order of a few words they maintained

the original flow of ideas. Half their subjects heard the transposed

story. Their results are shown in Table 4.,7. Unfortunately they did

not present numerical data.

As can be seen the results are in opposite directions. The group
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Group Original story Altered story

REM

Stage 4

Low

High
High
Low

Table 4.7 Relative amount recalled,
Levy and Goolidge (1975)

with REM sleep being superior to the group without REM in the original

version of the story, and the (hooup with no REM being superior to the

group with REM in the transposed version. They comment that if Eiapson

and Clarke had used the transposed version they would have had to con¬

clude that Stage 4 (or lack of REM sleep) was important for consolid¬

ation, No attempt was made at confirming the results found with the

list of words or nonsense sentences. Levy and Coolidge,s experiments

raise some doubt as to what iinpson and Clarke actually found.

It will be recalled that earlier in this chapter, in the first

section "Sleep after learning at various times", Hestrand (1967)

apparently showed that sleep caused an Improvement in recall of

extinguished first-list responses (Learn A-B, Learn A-C, Recall A-B).

3cstrand, Sullivan, Parker and West (1971) attempted to extend this

finding by determining whether the improvement in recall occurred before

sleep, and if no improvement before sleep was found, to clarify what

stage of sleep might be important.

They confirmed Postman, Stark and Eraser's (1968) observation

that Improvement of extinguished first-list responses may occur within

20 mins. In other words, sleep was not causing the effect. Although

they REM-deprived, Stage 4-d®prived and awake subjects out of other

sleep stages, no differences in sleep manipulation caused any effects
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on recall.

Ekstrand's group working in Colorado also reported a series of

experiments in which they showed that subjects who have slept In the

first half of the night are superior in retention to those who have

slept the second half of the night and who in turn are superior to

those who have been kept awake over a similar retention interval.

Barrett.and Ekstrand'3 (1972) work will be described as it is

representative of the others (Yaronsh, Sullivan and Ekstrand, 1971;

Ekstrand, 1972; Fowler, Sullivan and Ekstrand, 1973). Their experi¬

ment is the only one which avoids confounding the time of day between

groups. A 4h retention interval (2.50 am to 6.50 am) was used. There

were three conditions, using independent groups of subjects. All

subjects learned the 15-item paired-associate list to a criterion of

10 out of 15 correct on one trial. The design is shown in Table 4-.8.

Group Design

F

S

A

Bed (Sleep?)^h :>Learn >(Sleep approx. 4h) > Recall
Bed (Sleep) 4h ->Learn »(Sleep approx. 4h) ^Recall
Bed (Sleep) 4h > Learn ^(Awake 4h) » Recall

Table 4-.8 Barrettand Ekstrand (1972). Design

Group F (first half of the night) was characterized by large amounts

of SWS and little REM; Group S (second half of the night) by large amounts

of REM and little SWS; and Group A (awake) by wakefulness. EEG, BOG and

EMG are all said to have been monitored in the 3leep conditions except

for the first |h in condition F (as there is some doubt to whether the

subjects slept at all in this period, I have put a question mark after the
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word 'sleep* in the Table). The time of learning (2.50 am) and

recall (6.50 am) were the same for all groups.

The results are expressed as "percentage loss", and this is cal¬

culated the following way* absolute loss is defined as the difference

between the number of items correct on the criterion trial and the

number correct on the first relearning trialj percentage loss is

defined as the absolute loss divided by the number correct on the

criterion trial times 100. Both absolute loss and percentage loss

take into account slight differences amongst subjects in the degree of

original learning.

There were no differences between groups in the degree of

original learning. The results of this experiment and the overall

results from all ikstrend's experiments are show in Table 4,9 below.

Group Barrettand Ekstrand (1972) Overall

F 20.90 18.63
S 41.94 35.94
A 56.34 46.22

Table 4.9 Mean Percentage Loss (after
Ikstrend at al, 1977)

Both Barrettand 2kstrand, and the experiments overall show the

same pattern of results. Group A, whose retention interval is filled

with wakefulness, is consistently inferior to the groups which have

slept. Group S, whose retention interval is filled with more REM

sleep than Group F, recalls less than Group F but more than Group A.

Group F, whose retention interval is filled predominantly with SWS,

recalls more than the other tvP groups. This has been taken to suggest
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that SWS is more important to subsequent recall than either REM sleep

or wakefulness.

There is one major problem with this type of design. Groups A

and S have to learn their material after having at least a few hours

sleep, whereas the other group has had only a little sleep. It has

been known for some time that as little as sleep may impair sub¬

sequent learning (Worchel and Marks, 1951) and certainly impairs sub¬

sequent recall (Stones, 1973). Stones (1977) has shown that immediate

and delayed free recall is impaired after arousal from non-REM sleep,

although not REM sleep. Ekstrand (1977) has himself conducted a

number of experiments to clarify what he calls the "Prior Sleep

Effect". The results from two experiments are shown in Tables 4-. 10

and 4..11 below.

Location of prior sleep
Amount of prior sleep (h)

0 2 4 6

Immediately before learning 30.10 52.94 43.60 35.52

2 - 4-h before learning 30.10 37.70 25.98

Table 4*10 Mean Percentage Loss, Experiment 1, Ekstrand et al, 1977

Amount of

prior sleep (h) 0 Stage 2 £ 1 2 4

Mean per¬
centage loss 36.98 26.96 50.38 42.89 44.46 46.22

Table 4.11 Mean Percentage Loss. Experiment 2, Ikstrand et al, 1977
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The retention interval used was Ah* Table 4.10 shows that

2 - Ah sleep immediately before learning has a dramatic effect on

subsequent recall. However, if sleep is stopped 2 - Ah before learn¬

ing then there is little effect on recall. There were no differences

in the number of trials taken to reach criterion initially.

Table 4.11 shows the results of another experiment which inves¬

tigated more carefully the amount of prior sleep necessary to get a

detrimental effect on recall. It can be seen that as little a3 -gh

sleep is detrimental, and the effect remains for the subsequent 3jsh,

Curiously, a little Stage 2, and one could approximate this to |-h,
was slightly beneficial.

These results have an important bearing on Ilkstrand's other

experiments. This "Prior Sleep Effect" invalidates the Group S

(second half of the night) results and thus the conclusions. It is

very likely that the Group S subjects were suffering from the effects

of prior sleep. So, instead of concluding that the second half of the

night (with more MM in it) is not very beneficial to recall when

compared to the first half (with more SWS), one should really drop the

last result and say that the first 4h sleep is better for recall than

a similar retention interval filled with wakefulness. One may guess

that in fact the Group S subjects do indeed benefit from the Ah sleep

which is composed mainly of REM sleep but any beneficial effects are

obscured by the prior sleep. What may not be concluded from

Ekstrend's experiments is that SWS is more important than REM sleep.

Another experiment which may fall foul of a prior sleep effect

is that of Hockey, Davis and Gray (1972). This experiment is some¬

times cited as one that shows that night-time per se is more important

than the sleep within it. The design for their experiment is shown in
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Table 4-. 12 and their results in Table 4-.13. A list of 30 common

bisyllabic noune were presented orally for learning.

Group Design

Night
Sleep

Learn . c, . Recall
(2300h) ^ oleep *(0400h)

Night
Awake teSSb—>5h Avake —^(SSSJ
Morning
Sleep Sleop? > (&*£)—Sleep —

Morning
Awake Sle£,P' >(*££) >5"Aveke —

Table 4.12 Hockey, Davis and Gray (1972). Design

Group Percentage Loss

Night Sleep 22.8

Night Awake 34.5

Morning Sleep 43.0

Morning Awake 46.9

Table 4.13 Hockey, Davis and Gray
(1972). Results

As far as the design goes, it is not clear from the report when

the "Morning" groups went to bed. It is clear that the subjects had

been asleep before initially hearing the list, but it is not clear

whether they both vent to bed at the same time or when they actually

vent to bed.
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Sleep was not measured electropfaysiologically and it is not

clear how well subjects slept in the "Morning" groups after learning.

One can only guess at what actually happened. It might be safe to

say that the "Morning Sleep" group, know ing that they had to attempt

to sleep from about 0430h to ll30h, would probably go to bed very

late. If that was the case they would almost certainly be suffering

from the effects of prior sleep (or even 3leep loss). Judging from

Kkstrend's data (Table 4,10), the effect of prior sleep might not be

strong, but one cannot really tell what actually happened in Hockey,

Davis and Grey's study. If the "Morning Sleep" group had gone to bed

at the same time as the "Night Sleep" group, then there really is some

doubt as to how well they slept during the retention interval. To

have slept soundly throughout the night and the morning, they would

have to be really good sleepers as they would have been asleep for

about 11 - 12h.

Hockey, Davis and Gray state that their results showed a signif¬

icant time of night effect (i.e. night versus morning learning,

F » 17,1, df = 1,36, P< Q.001) and a non-significant effect of

sleeping conditions (i.e. Sleep versus awake, F » 4.0, df = 1,36,

P } 0.05). It should be noted that F « 40, df » 1,36, is only .just
short of significance. (I calculate the exact probability to be

P « 0.053.) Hockey et al further state that multiple comparisons

using the Nevman-Keuls procedure revealed significant differences at

the 0.01 level between Night sleep and Morning sleep and between Night

sleep and Morning wake. No other comparisons were significant. What

is perhaps surprising is why there is no significant sleep effect

when comparing Night Sleep versus Night Awake. Perhaps more than 5h

sleep is needed before sleep has a significant effect.
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The significant difference between the Night Sleep and the

Morning Sleep groups may lie in the fact that either the Morning

Sleep group did not sleep well during their retention interval or

they were suffering from the detrimental effects of prior sleep, or

they were suffering from the effects of sleep loss at the time of

learning.

There is another reason (mentioned in Chapter 2) why differences

may have been found between Night Sleep and Morning Sleept The

Morning Sleep group will have been sleeping at a time when plasma

Cortisol levels would have been high (compared to night). As Cortisol

is catabolic, it is possible that sleep's effect of enhancing syn¬

thetic pathways (Adam and Oswald, 1977) may have been reduced. I can

agree with Hockey, Davis and Gray that a difference may exist between

night and morning sleep but cannot agree that their experiment shows

that night-time by itself is more important than sleep.

So far only liinpson and Clarke's (1970) observation indicates

that the REM-deprivation procedure produces a detrimental effect on

subsequent recall. Their result is somewhat weakened by Levy and

Coolidge's (1975) attempt at replication. There are several reports

that indicate REM-deprivatlon has no effect on recall (Muzio, 1971f

Chernik, 1972; Castaldo, Zrynicki and Goldstein, 1974). These reports

and all others that interpolate REM-deprivation between recall and

learning are shown in Table 4.14-. Two studies that used drugs to

reduce REM sleep time are grouped separately.

Overall the results are not very convincing. When REZ>V

deprivation is found to impair subsequent recall, the tasks used have

not been the classical lists of nonsense syllables or lists of paired-

associates. They have been nonsense sentences, prose, and incidental
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Author Subj Design Mode Task Result

Feldman and
Dement (1968) 18

Own control
1 night
REM-Dep

Visual

9 Consonant-
trigrams

9x4 digits

Relearning* No effect
Savingsi No effect

Releamingi No effect
Savings: Significant

iiapson and
Clarke (1970) 20

Yoked control
1 night
REH-Dep

Oral

32 words

5 nonsense
sentences

Prose

No effect

Significant

Significant

Ilcstrand et
al (1971) 100

Indep. control
1 night
REM-Dep

Visual
12 paired-
associates

No effects

Muzio (1971) 18
Own control
1 night
Rm>D*p

Visual
and
oral

17 paired-
associates

No effects

Chernik
(1972) 32

Indep. control
2 nights
REM-Dep

Visual 20 paired-
associates

No effects

Grieser,
Greenberg and
Harrison
(1972)

40
Yoked control
1 night
RSEJ-Dep

Visual 30 Anagrams Significant

Cartwright
et al (1975) 50

Indep. control
1 night
REE4-Dep

Visual
70 adjec¬
tives Significant

Levin and
Glaubman
(1975)

12
Own control
1 night
RElWkjp

Visual

21 nonsense

syllables
40 words

Some effect

No effects

Levy and
Coolidge
(1975)

32 Indep. control
3h-day REM-Dep

Oral Prose No effect

Castaldo,
Krynicki and
Goldstein
(1974)

8

Own control
1 night REM-
Dep, with
imipramine

Visual
20 paired-
associates

No effect

Table 4.14 REM-deprivation following learning. Summary of studies,



- 120 -

learning of anagrams and 70 adjectives. They are all tasks that are

difficult to acore for initial learning and retention.

Levin and Giaubmnn (1975) actually found a significant difference

(P » <0.05) favouring the REM-deprived group on the free recall of

nonsense syllables that were placed in their correct aerial position.

If a count is made of the cumber of nonsense syllables freely recalled,

irrespective of initial serial positions, the more normal method of

determining retention, then there were no differences between conditions.

The significant difference Is suspicious and may only be a chance event.

Grieser, Greenberg and Harrison (1972) used four groups. One

was REM-deprived and another was woken up a similar number of times

but not in stage REM; two others were day-time retention interval

controls, one having a retention Interval of 2h and the other lOh.

The difficulty with this experiment is in trying to relate what was

actually found as opposed to what the authors think they found. The

study was intended to aid differentiation between "the Freudian drive

discharge model and the adaptive model based on ego psychology".

Anagrams were selected that were difficult to do, and a time limit was

Imposed which allowed subjects to finish only half the number of anag¬

rams presented. After the test was administered the experimenters told

the subjects which anagrams had been correctly solved. It seems that

subjects were told in such a way that they believed that they had

incorrectly solved some of the anagrams. Finally to confuse interpret¬

ation altogether, the results were adjusted in some way so as to

equate subjects for various independent variables.

The authors concluded that the results indicated that REM sleep

deals with material containing affective components. The present

author is not convinced that initial learning was similar between groups,
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nor is he convinced that the results show differences in recall between

groups.

Cartwright, Lloyd, Butters, Weiner, McCarthy and Hancock (1975)

used the "Block 70 item Adjective Q Sort" as their stimulus material.

A deck of 70 cards with one adjective on each card was sorted by the

subjects into an order from those "most like me" to those "least like

me" as they saw themselves to be at the present time. A second

sorting was then carried out, the same way as the first, except that

the subjects had to sort the adjectives into the order they would most

like to see themselves. At the end of the second sorting subjects

were asked freely to recall the adjectives. Seven hours later they

wore again asked to recall the list. There were five conditions inter¬

polated into the retention interval: Moderate REM, in which sub¬

jects' REM time was partially reduced; REM-deprived; Sleep; Day Awake;

and Night Awake.

The authors found a significant difference between groups.

Using a post hoc Tukey A test, the only conditions found to differ

significantly were Moderate REM versus REM-deprived. The subjects who

had a disrupted night, but with some REM, recalled more words than

those that had a disrupted night with no REM, There was forgetting

from the immediate recall test to the delayed recall test but those

who were REM-deprived forgot more than those who had some REM. It is

curious that the undisturbed sleep subjects did not do significantly

better than those who had disrupted nights. Muzio (1971) found no

difference between RStWeprivation and a disturbed night with REM,

but did find differences between these two conditions and a whole

night's sleep,

Cartwright et al (1975) further analyzed whether differences in
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the properties of stimulus words affected their rocallability, They

found that imagery my have boen an important component in the good

recall of the "Moderate REM" condition. Fowler, Sullivan and Ekstrand

(1973) have also reported that imagery may be important.

There was no matching of groups on the immediate recall score.

In fact, the "Moderate REM" group did have the highest 3coro and the

"REM-deprivecf group did have the lowest score. It is possible that the

significant difference in delayed recall nay have arisen from the

difference in immediate scores.

On the whole, the results of the REM-deprivation studies in this

section are not very convincing. liapson and Clarke (1970) provide the

most convincing demonstration that R334-deprivation is deleterious to

recall. Their experiment provided material that could be readily

scored. It would have been better, though, if immediate recall

scores had been taken so as to assess whether there were or were not

differences between the two groups before they actually fell asleep.

Of the other papers that report significant differences, none are

really convincing demonstrations that REEWdeprivation is detrimental

to recall.

Of the experiments that show no effects, it is striking that

these have all used classical learning and retention measures. However,

these experiments cannot pass completely without criticism. Castaldo,

Krynicki and Goldstein (1974) suppressed the amount of REM sleep using

imipramlne. Although they found no differences between REM-present

and RHM-absent conditions, had they found differences they would not

have been able to distinguish between the effects of the drug and the

effects of the REM-deprivation per se.

Levy and Coolidge (1975) would have had an interesting experiment

had they disrupted their subjects' sleep during the night. It is very
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unsatisfactoiy "to get subjects to sleep during the day (cf Chapter 2),

It has been found In the previous chapter that the learning task

is an important variable in determining subsequent retention when

retention is interfered with using BGS, REM-deprivation and protein

synthesis inhibitors. Perhaps all the evidence in this section shows

that a paired-associate list is not the best material to use.

Sleep-deprivation anfl immediate memory

It was shown in Chapter 2 that performance in digit span tasks

and tasks involving short-term memory varies during the day. Perfor¬

mance is normally optimal in the morning and then gradually decreases

through the day (e.g. Blake, 1967; Baddeley et al, 1970). The exper¬

iments reported in the next two sections may be seen as extending this

observation. These experiments help to determine whether the

circadian variation in performance is dependent or independent of

sleep. A summary of the observations is presented in Table 4..15.

Edwards (1941) was the first to note the detrimental effects of

prior sleep-deprivation on immediate memory.

William, Lubin and Goodnow (1959) (in the same report which was

discussed in the Sleep-deprivation and long-term memory section),

using 25 items of general Interest, found that sleep-deprived subjects

showed impairment of immediate recall at about 28h sleep loss which

became worse after one night's sleep. They also showed that lapses

(brief periods of no response accompanied by extreme drowsiness and a

decline in EEC alpha amptitude) occurred at 28h sleep loss and became

frequent as sleep I03S increased. These lapses easily account for the



— 124 *"

Author Subj Design Mode Task Results

Edwards
(19U) 27

Indep. control
1-4 nights
depriv.

Visual
Words

Nonsense syll¬
ables

Signif. at 72h

Signif. at 96h

Williams,
Lubin and
Goodnow
(1959)

20
Indep, control
1-3 nights
depriv.

Oral 25 information
items

Signif. at 27,
51 and 75h

Williams,
Giesking and
Lubin (1966)

44
Own control
1-2 nights
depriv.

Oral 25 words Signif. at 24
and 48h

Williams and
Williams
(1966)

16
Indep. control
1-2 nights
depriv.

Oral 25 words

Poor sleepers,
signif. at 32
and 56h
Good sleepers,
signif. at 56h

Kollar et al
(1969)

Own control
1-8 nights
depriv.

Oral
Hebb's Short-
term memory
test

Signif. at
200h

Vojtechovsky
et al (1971) 21

Indep. control
1-2 nights
depriv.

Visual
Arabian 3-
3yliable words

No effects

Elkin and

Hurray (1974) 40
Indep. control
1-2 nights
depriv.

Visual
6x3 digits,
probe
recognition

Signif. at 25
and 55h

Lubin et al
(1974)

Indep, control
1-2 nights
depriv.

Oral 25 words Signif. at 24
and 48h

Polzella
(1975) 5

Own control
1 nights
depriv.

Visual

Pairs of
letters,
digits, probe
recognition

Signif. at 24h

Table 4.15 Sleep-deprivation and immediate memory. Summary of studies
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deficit in immediate recall in this experiment.

Williams, Giesklng and Lubin (1966) devised an immediate memory

test which controlled for the lapses. Lists of 25 words (selected

from the AA category in the Thorndike-Lorge (1944) word list) were

recorded on tape. In the test, a word is first announced and then

spelt. The subject writes down the word on a page of a writing pad,

then turns to the nexrt page and waits for the next word. There is a

10 sec. interval between words. At the end of the list the subject

attempts to write down all the words he can remember in any order. In

this way sensory registration of the material is assured. In the

previous experiment a lapse may have occurred at the same time as an

information item was being announced. With the latter technique the

authors found that there was still an impairment of immediate recall

after one night's sleep loss and that it became worse after two nights.

Using the same test under a variety of different conditions,

similar results have always been obtained (Williams and Williams,

1966; Lubin, Moses, Johnson and Naitoh, 1974)• The loss is small but

consistent: on average about two words are forgotten after one

night's sleep loss, and about four words are lost after two night's

sleep loss.

Kollar, Pasnau, Rubin, Naitoh, Slater and Yales (1969), using

Hebb's Short Term Memory Test (described in Chapter 2), found no

impairment in short-term memory after being kept awake for 200h but a

sudden decline immediately afterwards. As the vigil lasted 205h it is

probable that their subjects just gave up. There were only four sub¬

jects in this experiment which may account for the indifferent result.

It should be noted that Baddeley et al (1970) used the same test but

with 38 subjects to find significant circadian variations during the
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day.

Vojtechovsky, et al (1971) sleep-deprived subjects for one to

two nights. There was no effect on immediate recall of a list of 15

unfamiliar Arabian 3-syllable words.

Elkin and Murray (1974-) used a probe-recognition task coupled

with sleep-deprivation of up to 55h. This paradigm involves the serial

presentation of a number of items followed by a single item, designated

the probe. The probe may bo a new item or one that was presented in

the list. A recognition judgement is made on the probe. Differences

were found in recall after 24h sleep-deprivation which became progres¬

sively worse as the deprivation period proceeded.

Polsella (1975) also used a probe-recognition short-term memory

paradigm to determine the precise effects of sleep-deprivation on

human memory. His results suggest that the process of encoding

information Into short-term memory is sensitive to sleep-deprivation.

However, unlike Elkin and Murray, he made no control for lapses.

On the whole, the results from these studies are reasonably

clear. As little as one night's sleep-deprivation will impair the

immediate recall of material, even when sensory registration is

assured. As 3leep-deprivation progresses the impairment gets worse.

Considering the observations that show immediate memory is best

in the morning (following a night's sleep) and then gradually declines

during the day, and considering the present studies, it would seem

that there is a prima facie case for suggesting that the improvement

in recall from evening to morning is connected with sleep and is not

an independent circadian variation.

One of the reasons why only a few examples were found of

experiments that interpolated sleep-deprivation in long retention
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intervals may be because experimenters were worried about the effects

of short-term memory impairment on long-term recall or relearning.

Selective gleep^gpy^tlon ^nd, immediate qerqpyy

There are not many studies that have attempted to analyse the

effects of REM-deprivation on immediate memory. Those that have are

shown in Table 4.,16 below.

Author SubJ Design Mode Task Result

Sampson (1966) 6
Own control
3 nights
REM-Dep

Oral
Forward and
backward
digit span

No effect

Feldman (1969) 20
Indep. control
2 nights
REM-Dep

Oral Forward
digit span

No effect

Johnson et al
(1974) 14

Own control
3 nights
REM-Dep
or

3 nights
Stage 4-Dep

Oral

Visual

25 words

15-30 word
pairs

No effect

No effect

Adelman and
Hartmann (1968) 5

Own control
1 night
REM-Dep,
using
amitriptyline

Visual
Nonsense

syllables Signif.

Table 4.16 Selective sleep deprivation: Immediate memory. Summary
of studies

There have been some attempts to determine if any particular

sleep stage is important for maintaining immediate memory. Sampson

(1966), after three night's REM-deprivation, found no differences in
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forward or backward digit span tasks. Only six subjects were used

and the comparison was against the subjects' own baseline levels.

Adelman and Hartmann (1968) used amitriptyline to reduce the amount

of REM for one night. These authors found a detrimental effect on

the immediate recall of nonsense syllables. It is impossible to

determine whether the impairment was due to the REM-deprivation or to

the drug, which has well-known sedative effects.

Feldman (1969) found no impairment in forward digit span after

two nightgj' REM-deprivation .

Johnson, Kaitoh, Moses and Lubln (1974) deprived one group of

Stage 4 and another of REM for three nights. Both groups were then

totally sleep-deprived for one night. Using the William's Word Memory

Test, the authors reported no differences between the groups after

three nights' selective deprivation, or after one night's sleep loss.

Within the Stage 4-deprived group, there was a curious significant

improvement in performance following one night's sleep loss. The

authors suggested that this was a chance variation. In the same

experiment there were two other tests of immediate verbal memory.

There were no significant variations in these, either between or

within groups.

There appears to be no satisfactory evidence, at present, that

selective sleep stage deprivation has any effect on immediate memory.

However, the literature is very sparse.

Sleep augmentation studies

These studies directly parallel the animal studies described in
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Chapter 2.

Zimmerman, Stoyva and Metcalf (1970) declared that individuals

who had worn distorting prism spectacles shoved an increase in REM

sleep duration. Allen, Oswald, Lewis and Tagney (1972) did not con¬

firm this claim. No changes in sleep parameters were found even

though the performance tasks used showed that learning over an 18-day

period had taken place.

Castaldo, Krynicki and Goldstein (1974) used a 20 mins. learning

task composed of two presentations of a list of consonant trigrams and

one presentation of a paired-associate list. Recall was measured

immediately and after sleep. There was no effect on any of the sleep

measures used nor any significant correlation between the recall

measures and any of the sleep parameters. Perhaps this is not too

surprising as the memory load in this experiment is probably a frac¬

tion compared to the other experiments cited in this section.

Paul and Dittrichova (1975) conditioned six 6-month old babies

to turn their heads in a specific direction using a coloured lights

reinforcer. They, found a slight increase in REM sleep time which did

not achieve a significance level of P < 0.05 although P < 0,1 was

reached.

Frost, Scbumate, Salaray and Booher (1976) found that astronauts

returning from the second manned skylab misson had decreased REM

latency and increased REM time in comparison to their in-flight REM

latency and time. They suggested that these changes reflected the

different proprioceptive and vestibular inputs experienced by the

astronauts when they were subjected to Earth's gravity. There no

data for the reverse situation, i.e. when the astronauts first went

into space and were adapting to their new weightless environment.
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Koninck, Proulx, Healsy, Arsenault and Provost (1975) failed to

demonstrate any change in sleep parameters In a six-week total

language immersion course. Only four subjects were used, Koninck,

Proulx and King (1973) have added two more subjects to the study and

apparently find within their pool of six subjects a significant

positive correlation (r = 0,82) between progress in the new language

and the amount of REM sleep time. One may question the validity of

adding more subjects to the original population,

Meienberg (1977) recorded 4-5 consecutive nights of sleep in one

subject who was taking part in an intensive three-week language

course. The only sleep parameter to show any significant variation

during learning was the latency of the third REM cycle, Meienberg

(1978) has added two more subjects to his data and has oonfirmed the

earlier appearance of the third REM cycle. This was not a predicted

result and it is difficult to assess its significance,

Cartwright, Butters, Welnstein and Kroeker (1977) found that

subjects listening to music delivered through headphones experienced

increases in REM sleep time over the night, whereas subjects who

listened to verbal material (plays, comedies) displayed little

increase. Of the former all six subjects showed an increase, whereas

in the latter group only one out of six subjects showed this improve¬

ment. A statistical test was not applied.

The sleep augmentation studies in humans would not at present

convince me that augmentation is a reliable phenomenon. On the other

hand, there are essentially little data at this time. A point in favour

of these studies is that most that demonstrate learning do show

changes in REM sleep time that are in the right direction. The

difficulty is that other factors may be causing the increase. Perhaps
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stress is a factor that may be common amongst the intensive verbal

learning reports. Also, a preliminary report by Glaubman, Orbach,

Palled, Aviram, Frieder and Frieman (1978) indicates that attentional

load may be an important factor. These authors found that subjects,

after performing on a set of tasks that demanded great attention for

three hours, showed a large increase in REM sleep time.

(hie difficulty that the learning and sleep augmentation studies

must have in humans was mentioned in Chapter 3. In animal studies

the increase in REM sleep time was always connected with an increase

in the number of REM sleep cycles. As in humans the REM sleep cycle

time of of the order of 90 mlns. it would seem that to parallel

exactly the animal work an increase in the number of cycles would have

to be 3een. Certainly the addition of a couple of 90 min. cycles

vould add 3h to the total sleep time. This sort of increase is

unlikely to be allowed to occur. On the other hand, if the cycle time

were to shorten slightly, say by 15 tains., then in an Sh sleep period

the shift from 90 to 75 rains, would allow an increase of two cycles

without disturbing the total sleep time. This result is not evident,

although Meinenberg's sparse data «w.e suggestive.

Most experiments dealing with sleep and memory in humans have

been reviewed. There are two types of experiment that have not been

mentioned. One type involves learning during sleep. It may be said

that habituation to stimuli during sleep (Firth, 197A) will occur but

learning lists of words will not. Invariably if subjects can recall a
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list presented in their sleep they have actually woken up. There is

a direct correlation with the amount remembered and the degree of

wakefulness associated with the presentation of the material (Koukkou

and Lehmann, 1968, 1970} Shimizu, Takahashi, Sumitsuji, Tanaka,

Yoshida, Kaneko, 1977). The other type of experiment involves waking

subjects up during the night and testing their immediate memory

(Ottoan, Goodenough, Koulack, Maclin, Schroeder and Flannagan, 1977).
This sort of experiment is not directly relevant to the thesis.

It has been found that if a group of subjects learn some material

in the morning and are asked to recall that material in the afternoon,

they will recall less than subjects who have learnt in the evening and

recall the following morning. It has also been found that immediate

and or short-term memory performs optimally in the morning and is

significantly worse in the afternoon, and appears to decline through¬

out the rest of the day. This latter observation may explain the

former one, for recall from long-term memory may have a component

arising from short-term memory (Rumelhart, Lindsay and Norman, 1972).

Certainly relearning measures will have a strong short-term memory

component and may well be affected in the afternoon.

If the retention Interval is stretched to approximately 16h,

then the evidence indicates that if sleep occurs within the I6h,

recall will be better than if no sleep was present. If Ekstrand et al

(1977) are taken as an example, it was found that groups who learned

in the afternoon or evening and recalled the following day, in the

morning and afternoon respectively, recalled more than a group who

learnt in the morning and recalled the same evening. The results are

still explicable through a circadian variation effect if there is a

decline in recall performance from morning to evening. However, if
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McGaugh and Hostetter (1961) and Benson and Feinberg's (1977) results

with releaming measures are considei-ed, the results are in the opposite

direction to those predicted by a decline in immediate memory through¬

out the day, for the group which relearned best was the one which

relearned in the afternoon, whereas the inferior group relearned in

the morning, if McGaugh and Hostetter are examined. With Benson and

Feinberg (1977) the situation is the same, except that the superior

group relearned in the afternoon, whereas the inferior group relearned

in the evening.

Both the 8 and I6h retention interval experiments could be

explained a different way. Body temperature and arousal are supposed

to be directly related (Kleitman, 1963; Folkard, 1975). So arousal

may be low in the morning and increase throughout the day. High

arousal at the time of learning has been found to enhance long-term

retention when compared to low arousal (Kleinsmith and Kaplan, 1963»

1964.; Kleinsmith, Kaplan and Tarte, 1963? Uehling, 1972). So, from

the viewpoint of arousal, one would predict over long retention

intervals, that learning in the morning will lead to worse recall in

the long run than learning in the afternoon or evening. On the whole

all the experiments so far related could thus be explained. However,

if a 24h retention interval is chosen, the arousal prediction fails,

for most of the experiments show no difference between morning and

evening learning. They also make a circadian explanation impossible.

It is awkward to go back and say, therefore, that all the shorter

retention intervals are showing a sleep effect. It would be prefer¬

able to go forward and attempt an experiment that Is capable of

handling all the possible difficulties. The next chapter describes

such an experiment.
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To be able to say categorically that It is sleep that is causing

the improvements in recall and releaming that have been found, it i3

necessary to use a sleep-deprivation procedure. This type of

procedure immediately discounts the possibility that an Improvement

has occurred through the night that is separate from sleep.

There are only a couple of studies that show that sleep-

deprivation is deleterious to memory and these studies do not attempt;

to check whether their detrimental effect on memory is on some non¬

specific consequence of the procedure itself.

It has been shown fairly convincingly that sleep-deprivation

confers a detrimental effect on immediate memory. REM-deprivation or

Stage ^-deprivation has not indicated whether either REM or Stage 4- is

important to cause the detrimental effect of a whole night's sleep

loss.

REM-depriva tion studies are at present in disarray. Although

some reports suggest REM is important for memory, there are at least

an equal number of reports that show no effect. However, this may

have something to do with the type of learning and the type of task

used. In this sense the human studies may be similar to the animal

studies.

The sleep augmentation studies are weak at present for lack of

data. It is sad that the one well-controlled study showed no effects

(Allen, Oswald and Tagney, 1972),

Copfflqpionp

There is little doubt that sleep-deprivation causes impairment
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of immediate memory. This may be taken as evidence to suggest that

sleep restores the efficiency of short-terra memory. There is no

indication as to what stage of sleep is important for this restoration.

There is no one experiment to show that sleep is important for

long-term memory. All the experiments, hitherto described have their

problems. However, it is obvious that the results are very suggestive.

The REM-deprivation studies on long-term memory are inconclusive,

Ekstrand's experiments comparing the first half of the night with the

second half of the night at first seemed to indicate that REM sleep

was not important. However, instead of proving this, they appear to

have heralded a new phenomenon, "the prior sleep effect". This effect

reduces the weight of EScstrand's conclusions on the relative value of

the first versus the second half of the night. Also, although this

effect is interesting it is not the direct concern of this thesis. It

will, however, be discussed later.

Time may aid the sleep augmentation studies.
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CHAPTER 5

NONSMSE SYLLABLES AND SLEEP (SXPERP1ENTS 1 AND 2)

Introduction

This chapter describes two experiments which together were

designed to show that one night's sleep is important for human long-

term retention. These experiments were performed for three reasons.

First, it seemed to me that there was very little good evidence that

showed that one night's sleep was important for long-term retention.

The only experiment that showed one night's sleep-deprivation might

impair long-term retention was difficult fully to accept (Vojtechovsky

et al, 1971, described in Chapter 4-). Second, most sleep and memory

experiments carried out on humans provided evidence which was essen¬

tially circumstantial. In the previous chapter it was found that if

one group learnt in the evening and recalled, after sleeping, the

following morning, then the latter group recalled more. This result

is reliable and has often been used as the main evidence to show that

sleep is important for memory. However, it has been pointed out in

Chapters 2 and 4- that there are other potentially good explanations

for this result, e.g. circadian variations in recall performance.

Third, Benson and Feinberg (1975) published an interesting report

which seemed to show that sleep 16h after learning might cause an

improvement in memory. The design for their experiment and their

results are shown in Tables 5.1 and 5,2, respectively.

The abbreviations for these tables and for the other tables in

this thesis are made up the following ways

MDRning learning - 8h retention interval becomes Mor 8

EVEning learning - 24b retention interval becomes Eve 24.,
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Time of Time of

Group Learning Retention Interval Retention Test

Mor 8 Morning 8h awake Afternoon
Mor 24 Morning 16h awake + 8h asleep Morning
Eve 8 Evening 3h sleep Morning
Eve 24- Evening 8h sleep + I6h awake Evening

Table 5.1 Experimental design. Benson and Feinberg (1975)

Initial Free recall Paced recall
Number of learning (No. of (No. of Savings

Group subjects (No. of trials) items) items) %

Mor 8 15 17.20 9.73 7.53 72.33
Mor 24 15 17.13 10.27 9.20 86.47
Eve 8 6 21.67 11.00 8.50 91.00
Eve 24 6 16.33 9.67 8.25 85.50

Table 5.2 Results. Benson and Feinberg (1975)

Initially Benson and Feinberg had six subjects in each group.

When a difference was found between groups tor 8 and Mor 24, further

subjects were added to these two groups.

These authors found no significant difference in Initial learning

between groups as measured by the number of trials taken to learn the

list of 12 nonsense syllables to a criterion of one perfect recitation.

Three retention measures were used, l) Free recall, i.e. the number

of items (nonsense syllables) correctly recalled. The subjects were

asked to recall the nonsense syllables in their own time and in any

order, without reference to a memory drum. 2) Paced recall, i.e. the

number of items correctly recalled in the first relearning trial.

3) Savings %t calculated by the same formula as shown on page 88.

No differences were found in Free recall except between Mor 8 and
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Eve 8. This confirms the classical Jenkins and Dallenbach (1924.)

observation. Differences were found In the Paced recall measure but

the authors reported that some subjects may have misunderstood the

experimenter^ instructions. This raises some doubt as to the

reliability of the difference found with this measure between Mor 8

and Mor 24. groups. There was a significant difference between Mor 8

and Mor 24. in the Savings % measure. Their Savings % result was

surprising in the case of the Mor 24 group, as this group had remem¬

bered more, even though it was the group with the longer retention

interval. If forgetting occurs gradually over time, one would have

expected the Mor 24 group to have recalled le3s than the Mor 8 group.

Benson and Feinberg suggested that the crucial variable which

caused the improvement in Mor 24*s Savings % score was either sleep,

interfarence or time of day. The first two suggestions were not

discussed at any length but some time was spent on the third. Time

of day could not be discounted from their data alone. Indeed, if

the previously cited work (Chapter 2) on human short-term memory is

considered, then one could actually predict the difference that was

found.

There were several ways in which differences between Mor 8 and

Mor 24 might have emerged:

1) Circadian dip in releaming and recall ability in
the Mor 8 group.

2) Circadian rise in relearning and recall ability in
the Mor 24 group.

3) An improvement in retention between the afternoon
and the evening in the Mor 24 group.

4) An improvement in retention between the evening
and the following morning but not related to
sleep, in the Mor 24 group.

5) Sleep,
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Using all of Benson and Feinberg's data I could only discount

the second suggestion as unlikely. A circadian improvement in recall

ability in the morning would have predicted a difference between the

Eve 8 and Eve 24 groups who recalled in the morning and evening,

respectively. There was a slight difference between these two groups

in the right direction but it was not significant.

After considering all the available data, I could readily accept

that sleep was the most important variable. If sleep was the impor¬

tant variable, then there was no indication whether consolidation or

retrieval was being affected. If consolidation was being affected

then Benson and Feinberg's result was interesting, for it suggested

that, in humans, consolidation was not completed for nonsense syllable

material for at least 16 - 24h. An experiment was needed to clarify

the situation.

Eftpefiffqnt 1

design

The ejqperiment needed was one that checked on Benson and

Feinberg's observation that a group who learnt in the morning and

recalled or relearnt the following morning, performed better on

retention tests than a group who learnt in the morning and recalled

the same day, in the afternoon. The experiment also needed to

determine what variable was crucial, should a difference between the

Mor 8 and Mor 24 groups be found. Ideally, the experiment should also

be able to clarify the work cited in Chapter 4.

An experiment with the design shown in Table 5.3 was devised.
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"Mor SDM denotes a group who learnt in the morning, recalled the

following morning and had no sleep in the retention interval.

Time of
Time of Retention

Group Learning Retention Interval testing Sleep

Mor 8 Morning 8h awake Afternoon Absent
Mor 16 H I6h awake Evening n

Mor 24 H 16h awake + 8h sleep Morning Present
Mor 3D n 24h awake Morning Absent
Eve 8 Evening 8h sleep Morning Present
EVe 16 B 8h sleep + 8h awake Afternoon H

Eve 24 n 8h sleep + I6h awake Evening II

Table 5.3 Experiment 1, Design

I predicted that sleep would improve memory, therefore, Groups

Mor 8, Mor 16, Mor SD should be inferior in retention tests to Mor 24,

Eve 8, Eve 16 and Eve 24.

If circadian variations were present in relearning and recall

ability, I expected to find differences between the groups who learnt

in the evening and were tested the following morning, afternoon and

evening respectively, if sleep was controlled for by having all groups

sleep at the same time. Similarly, I could compare the following

morning-learning groups: Mor 8, Mor 16 and Mor SD, if sleep was con¬

trolled for by not allowing any of the groups to sleep.

To determine whether sleep was the crucial variable in a 24h

retention interval a comparison between the groups Mor 24 and Mor SD

needed to be made. The only experiment to show that one night's

sleep-deprivation during the retention Interval might adversely affect

retention was Voj techovsky et al (1971) and that experiment used an 8h
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retention interval and was flawed in design. A significant difference

between the Mor H and Mor SD groups, favouring the Mor 24 group,

would weaken Hockey et al's (1972) claim that it is night time per se

that is important for retention. Such a result would also weaken the

argument that an improvement in retention may occur before sleep has

taken place.

Method

The only equipment used in this experiment was a memory drum

and a lot of paper. Facilities available at the sleep latoratory were

not necessary, for sleep was not going to be monitored.

The experiment was conducted at Edinburgh University's Pollock

Halls of Residence. I gained the prior approval of the Senior Warden

and the wardens of Grant and Brewster Houses, where the work was

carried out. I lived in Grant House for the duration of the experiment

which was performed in January 1976.

The residents were individually asked whether they would be

willing to partake in a few 3imple psychological tests and were told

the purpose of the experiment was to gain some normative data for a

future experiment. They were told that some unusual hours might be

involved. A description of the initial meeting is given in Appendix 1.

Once an adequate subject pool was formed, subjects were randomly

assigned to the various groups, save for the fact that each group was

to have equal numbers of males and females.

All groups were tested evenly over a two and a half week period

except for the Mor SD group who were tested over two days. In order
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to fit the Mor SD group evenly into the testing schedule, it would

have been necessary for me to work 24b a day* This was impractical.

The testing schedule is shown in Appendix 2.

There ware six subjects in each group. This seemed to be a

sufficient number as Benson and Feinberg first found significant

differences with this number of subjects. Six subjects were dropped

in the course of the experiment for a variety of reasons (rehearsing,

sleeping, absent from room at allotted time, intoxicated from alcohol).
These subjects were replaced as soon as I could find openings in the

testing schedule, In Appendix 2, replacement subjects have the sub¬

script *7* or '8'. The subjects who were dropped from the experiment

were fairly evenly distributed amongst the groups (two subjects from

Kor 16 and Eve 24 > and one subject from Mor 8 and Eve 8, respectively),
I will refer to these subjects later in this section.

All subjects learnt and recalled the list of nonsense syllables

in their own study-bedrooms. When subjects, who had learnt the non¬

sense syllables in the morning, had completed their task, they were

directed to the common room where a confederate (a psychology graduate)

made them play with jig-saw puzzles for two hours. The jig-saw

puzzles were described as visual-motor tasks. The purpose of this

task was to provide for the subjects an interfsrence-free environment

for what may be the early part of the consolidation phase. In this

way the morning and evening post-learning environments were to some

extent equated. The evening-learners,after completing their learning

task, would wash and go to bed. An interval of approximately 0.75h

might elapse between learning and going to sleep. During this period

the evening-learners would be subjected to very little external inter¬

ference that might eventually hamper their recall of the nonsense

syllables. Further, when the evening-learners were asleep there would
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also be little interference, although it might be argued that some

interference might arise during dreaming. Ideally, it would have

been best to fill the entire interval of morning-learners with some

standardized activity such as jig-saw puzzle solving, but this would

have been impractical, bly confederate maintained a test-like atmos¬

phere in the common room. Subjects were told that they had 2h to

complete the 1,000 piece jig-s«w puzzle. They were taken to a table

where the pieces were ready and mixed up and a stop watch was visibly

started in front of them. They were told that if they could not

manage to complete the puzzle in 2h, the pieces that they had correc¬

tly assembled would be analysed. Silence was imposed. No subjects

completed the puzzle and the impression I had whenever I entered the

common room was that of an examination in progress. In all direct¬

ions subjects could be seen struggling with their jig-saws.

The subjects' instructions on testing and re-te3ting are given

in Appendix 3 and Appendix 4-, respectively.

Subjects who were taking any drugs were excluded from the

experiment. Subjects were repeatedly told not to drink any alcohol

during the course of the experiment and also not to discuss with any¬

one what was happening in the experiment.

When I visited the subjects for their learning session, I

asked whether they had taken any drugs since my introductory visit or

whether they had recently been drinking any alcohol. One subject was

dropped from the Eve 24, group for drinking before the learning

session. Subjects were also asked whether they were feeling well and

how well they had slept. As the experiment was conducted in the

month of January, it was necessary to check whether anyone was

suffering from a cold or flu. Fortunately, no one reported or appeared
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to be sick.

After the learning session in the morning subjects were told

to go to the common room to where the visual-motor task was being

carried out.

Subjects who were to be sleep-deprived were told to assemble at

their common room at 23 30h. The psychology graduate who had helped

with the jig-saw puzzles was also employed to help with keeping sub¬

jects awake during the night. The subjects were also told to watch

each other. I am certain that every subject had no sleep during the

one night vigil. In order to get a nap subjects did occassionally

try such ploys as hiding behind newspapers. Such attempts were

discouraged. Reading was allowed in the early part of the night,

after which either a card game or a discussion was started. Stimul¬

ants such as tea or coffee were not permitted. One mug of soup was

allowed, usually between 0200 and 03Q0h. The monitor remained with

subjects during the time subjects were successively taken away by me

for retention testing.

Subjects who learnt the nonsense syllable a in the evening were

told to go to bed as soon as I left. They were instructed not to do

any reading before going to sleep.

On the recall session subjects were asked whether they had

aohered to my instructions. The details are in Appendix 4. It was

important to ask subjects questions about their behaviour after they

were paid in case they felt that they might not be paid if they

admitted to not following the instruction, I was satisfied that the

subjects who were not dropped from the experiment had complied with

my instructions.

Six subjects were dropped from the sample. Out of these only
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two had admitted to rehearsing overtly the nonsense syllable list

after the initial testing session. It was gratifying to hear from

these two subjects that although they had rehearsed the list, they

had done so for reasons other than suspicion that they might again be

tested on the list, e.g. one subject rehearsed the list as soon as I

had left her simply to 3ee whether she could recall the list minutes

after learning it.

It was useful to be staying at the Hall of Residence where this

experiment wa3 conducted, for it was possible to discuss occasionally

with the other residents what they thought the experiment was about.

Generally, it can be said that confusion reigned. Certainly, it

seemed that no one realized a memory experiment was being conducted.

I suspect the confusion arose from ex-subjects giving misleading

notions as to what the experiment was about.

The 12-item list of nonsense syllables used in the experiment

will be found in Appendix 5. The nonsense syllables were derived from

a list of 2,480 consonant-vowel-consonant trigrams which were

described by Archer (I960), Trigrams that were rated as very low in

meaningfulness were used. The details are in Appendix 5.

The list was learnt using the serial anticipation method. Sub¬

jects first had to read aloud each nonsense syllable as it appeared on

a Forth Instruments memory drum. This ensured that sensory registrat¬

ion of the list occurred. An asterisk was placed between each presen¬

tation of each nonsense syllable. After seeing the list once,

subjects had to anticipate each nonsense syllable before it appeared

on the memory drum. The subjects were not dismissed from their task

until they had anticipated the list to a criterion of one perfect
recitation. The inter-trial Interval was 20 sees, between the first
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and second presentation and 10 sees, between all other presentations.

The presentation rate vas set at 2 sees, per item.

Statistics

Siegel (1956) lists the steps necessary to make a statistical

decision on the acceptability of hypotheses!

1) State the null hypothesis (Ho).
2) Choose a statistical test for testing Ho,
3) Specify the significance level (°0 and the sample

size (N),
4) Find (or assume) the sampling distribution of the

statistical test under Ho,

5) Define the region of rejection.
6) Compute the value of the statistical test using

the data obtained.

It is normal in research to first state the hypothesis that is

being tested. Invariably this statement is one that predicts rejec¬

tion of the null hypothesis (Ho), that is to say there will be

differences between groups. In Experiment 1, the null hypothesis was

that there would be no differences in retention measures between

groups who had slept and groups who had not slept (the experimental

hypothesis, H, being the reverse).

Choosing the statistical test is an awkward step. An Ideal

test is one that has a small probability of rejecting Ho when Ho is

tame but a large probability of rejecting Ho when Ho is false. The

difficulty is that the most powerful tests are ones that need a large

number of easumptions. Again Siegel lists some of the assumptions

made whan using a powerful test such as the t-testi

1) Independent observations.
2) The observations crust be drawn from a normally

distributed population.
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3) The populations must have the same variance.
4) The variables must be measured in an interval scale.

It is argued that if there is any reason to doubt any of these

assumptions then a test such as the t-test should not be used (Siegel,

1956; Hosteller and Rourke, 1973)# The reverse is also argued, as it

seems that parametric tests such as the t-test can withstand many

violations of the assumptions (MeNemar, 1962).

It is awkward that the choice of a statistical test is a subject

of debate amongst staticians. It is also awkward that there are no

suitable methods for checking whether the assumptions are being

violated. It is possible to measure the distribution of a sample

population. However, measures such as skewness or kurtosis are

unreliable if the sample size is below a hundred (McNemar, 1962). It

is possible to check whether the variance is equal between groups

(Snedecor and Cochran, 1967). If the variance between groups is not

the same, it is possible to use a t-test which uses the variances

separately (Snedecor and Cochran, 1967J Dixon and Massey, 1969).

Normally, a pooled-variance t-test is used but the assumption of equal

variances must be made. I used the separate-variance t-te3t in all

situations, as this test was equivalent to the pooled-variance t-test

in situations where the variance between two groups was similar. The

advantage of this t-test is "that it can give valid results when

variances are not equal.

To further safeguard the possibility of an erroneous rejection

of Ho, I used, in most cases, both parametric and nonparametric tests.

Nonparametric tests are not so severely restricted by the above list

of assumptions. Redundant statistics have been used before (Lubin,

Moses, Johnson and Naitoh, 1974)* There is no difficulty in using
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redundant statistics unless one test Indicates rejection of Ho and the

other test does not. As I was using two tests, I was increasing ray-

chances , on the one hand, of finding a test which might erroneously

reject the Ho, and on the other hand, of finding a test which might

erroneously reject the normal experimental hypothesis (H^). Inter¬
pretation of two differing tests had, therefore, to be handled with

care. As a rule I decided to favour the conservative decision which

was Ho * H^. I always used the more efficient (in the statistical
sense) test first and then followed it with a less efficient test, I

did not use two types of test when the means of groups were very

similar and when the efficient test indicated that a decision should

be made to accept Ho.

I specified the significance level (ct) as c< = 0.05. However,

as this is an arbitrary figure, I decided to examine probability values

falling between 0,05 and 0.1. The size of ray samples was determined

by non-statistical considerations such as the practicality of running

the experiment and the availablity of funding the experiment. Also,

Benson and Feinberg (1975) found significant differences with this

sample siae.

One-tailed tests were used for comparisons between groups who

slept and groups who had not slept. It could be predicted that groups

who slept should retain more than groups who had not slept. This

prediction was made on the basis of animal experiments and the

thesis's underlying hypothesis. Two-tailed tests were used where

there was no predicted difference between groups and when the direction

of the results was not specified. So two-tailed tests were used for

the parameter "initial learning" and for comparisons within groups

who had slept or had not slept.
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I first used a one-way Analysis of Variance (ANOVA) to determine

differences between groups. It was not possible to use a statistic¬

ally more refined ANOVA, such as a 2 x 2 x 3 ANOVA because 12 groups

would have been needed and some of these groups would have had to

have slept at unnatural hours. The type of design I had in mind for a

2x2x3 ANOVA is shown in Table 5.4.

Time of learning Sleep Time of retention test

Morning Absent Afternoon
R R Evening
R n Morning
R Present Afternoon
H R Evening
R R Morning

Evening Absent Afternoon
H R Evening
n R Morning
R Present Afternoon
R R Evening
R R Morning

Table 5.A An alternative experimental design

All calculations were made on an ICL 4-75 computer which was

used through the Edinburgh Multi-Access System. The Biomedical

Computer Program package supplied programs for the calculations

(Dixon, 1975)•

The means and standard deviations are shown in Table 5.5. The

raw data will be found in Appendix 6.
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No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Initial
learning

27.83 25.00 26.83
(8,21) (10.4-3) (6.62)

29.00 28.67 26.83 20.83
(4.86) (1.51) (6.74) (7.22)

Relearning 9.50 6.83 8.33
(4.59) (4.36) (2.34)

4.00 3.83 4.33 3.67
(1.41) (1.47) (1.37) (2.88)

Free
recall

8.17 9.00 7.17
(2.56) (2.10) (3.25)

9.33 10.83 10.00 11.00
(1.86) (1.17) (1.55) (1.10)

Paced
recall

6.83 5.50 5.00
(1.72) (2.17) (1.79)

8.50 8.83 9.00 9.67
(1.64) (1.47) (2.61) (1.86)

Savings % 64.88 73.11 68.17
(14.87) (11.79) (9.88)

85.54 86.55 83.85 83.30
(6.28) (5.34) (3.81) (8.07)

Table 5.5 Experiment 1, Results, means and standard deviations
(in parentheses)

A one-way ANOVA showed no significant differences between groups

in Initial Learning (F » 0.96, df « 6,35» P > 0,1) but significant

differences in Relearning (F = 4.09, df = 6,35, P ^ 0.003), Free

recall (F - 2.72, df = 6,35, P < 0.03) Paced recall (F » 5.4-7, df =

6,35, P < 0.0004.) and Savings % (F - 5.67, df - 6,35, P < 0.0003).

The appropriate Sum of Squares and Mean Squares will be found in

Appendix 7.

The Kruskal—Wallis one-way ANOVA showed a similar pattern of

resultsj Initial learning, H » 5.4-6, df « 6, P > O.lj Relearning,

H - 17.12, df = 6, P < 0.009J Free recall, H = 15.51, df ■ 6, P 4. 0.02;
Paced recall, H = 20.19, df = 6, P < 0,003; Savings %, H » 18.63,

df « 6, P <T 0.005. The rank sums are shown in Appendix 8. It was

noted, that the probability levels were slightly less significant than

with the parametric ANOVA. This was to be expected with the nonpara-

metrlc tests.
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As It will be tedious for readers continually to have to read

two sets of statistics, from now on I will show only the results of

parametric tests in the text and the nonparametric equivalent will be

found in the Appendix. However, when probabilities differ greatly

they will be mentioned in the text.

Fisher's F test for the equality of two variances in comparisons

between groups was significant in a number of cases. The F values and

associated probability levels are shown in Appendices 9 and 10. There

wa3 no clear explanation of why a discrepancy amongst variances was

found. The significant differences could be ignored, however, as the

separate variance t statistics that had been used did not need equal

variances between groups.

The results of the t-tests are given in Appendix 11 with the

associated t values and degrees of freedom in Appendix 12. The

results of comparisons between groups using the Mann-Whitney U-test

area are given in Appendix 13 with the associated U values in

Appendix 14.

T-tests were carried out on the number of trials taken to reach

criterion on initial learning. This was not a necessary step as the

ANOVA's have indicated that there were no differences between groups.

These t-tests were carried out only for the sake of completeness and

curi o sity. There were actually two significant comparisons favouring

Eve 24« Mor 24 vs Eve 24 (t = 2.30, df » 8.8, P < 0.048), and Eve 24

vs Eve 8 (t « 2.60, df = 5.4, P 0.045)• These significance levels

were almost certainly gained by chance. As there were a large number

of comparisons (21) being made between groups, some differences almost

certainly would have occurred through chance. In any case, these

significance levels were not confirmed using the U-test: Mor 24 vs
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Eve 2A (U ■ 8| P > 0.1)| Eve 2A vs Eve 8 (U - 8, P >0.1).

T-tests were performed on the number of trials taken to relearn

the list. This was also done only for the sake of completeness. The

relearnlng measure on its own is difficult to interpret as it is bound

to be related to some degree to the subject's initial learning irate.

If a subject had been a quick learner initially, one might expect them

to be reasonably quick re-learners. It is normal to try to Isolate the

memory side of releaming by using the Savings % measure. Initial

learning was found to be correlated weakly but significantly with

relearning (r = 0.45, df » AO, P < 0,01) and not at all with the other

retention measures: Free recall, r » -O.65, df * AO, P > 0.01; Paced

recall, r » -0.67, df = AO, P > 0.01; Savings %t r » -0.8A, df = AO,

P > 0.01. As relearning was significantly correlated with both

Initial learning and the other retention measures, and was thus a

"dirty" retention measure, it seemed preferable to use the normal and

"cleaner" retention measure such as Savings %, This was shown above

to be uncorrelated with Initial learning (r ** Q.0A) but was found in

the experiment to be significantly correlated with Free recall (r ■

0.56, df « AO, P K 0.01) and Paced recall (r = O.65, df = AO,

P < 0.01).

I will now concentrate on the Savings % measure. The probability

levels, apart from being given in the Appendix, are also reproduced in

Table 5.6. The results are illustrated in Figure 5.1.

With the Savings % measure (and the other retention measures)

all No Sleep vs Sleep comparisons were made using one-tailed prob¬

ability values as it was predicted that sleep would benefit retention.

Two-tailed tests were used for comparisons within Sleep and No Sleep

groups as the direction of any differences was not predicted.
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Figure 5.1 Experiment 1. Savings % Results
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No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No

Sleep

Mor 8
Mor 16
Mor SD

1.000
0.314 1.000
0.662 0.451 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.009 0.027 0.003
0.007 0.020 0.002
0.013 0.039 0.005
0.013 0.051 0.007

1.000
0.771 1.000
0.587 0.338 1.000
0.686 0.504 0.990 1.000

Table 5.6 Experiment 1, Savings %, t-test probability values

Comparing the groups who had slept and the groups who had not

slept, it was clear that all differences were significant, with one

exception, Mor 16 vs Eve 24 had a significance level of P = 0,051

(t = 1,83, df « 8,8), This level of significance was acceptable

although it is just beyond P = 0,05, Die U-test in this situation was

significant, P < 0,046 (U - 7),

It is equally clear that there are no significant differences

within Sleep and No Sleep groups, all probability levels being greater

than 0,3.

The results clearly showed that sleep favoured long-term memory.

If the groups who learnt in the morning are considered, it is apparent

that the groups who had not slept (Mor 8, Mor 16 and Mor SD) displayed

lower savings than the group who had slept (Mor 24), This was interes¬

ting as it suggested that the Groups Mor 8, Mor 16 and probably Mor SD

had retained the nonsense list but were unable to gain easy access to

the list. Die list must have been stored in some way, but for some

reason was inaccessible at the time of releaming. Perhaps the

unconsolidated engrain is less accessible than the consolidated engram,

and perhaps consolidation is not completed until sleep has taken place.
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There were no indications that any eircadian effects were

present. If the morning-learning groups who had not slept are consid¬

ered, then if eircadian variations in Savings % were present, one

would have expected significant differences between these three

groups. Reflecting on the past literature, the most likely group to

show impairment would have been the Mor 8 group, this group being

tested in the afternoon, Mor 8 did display the lowest Savings % score

but this result was nowhere near significant when compared with the

other No Sleep morning-learners. The evenir ^-learning groups all

slept. Eve 8, Eve 16 and Eve 24- were tested in the morning, afternoon

and evening respectively, and no significant differences between groups

were seen.

The most important comparison that demonstrated that sleep was

important for retention was Mor 24- vs Mor SD, The only differsace

between the two groups was that one has slept and the other has not.

Possible circadian variations were controlled for fcy virtue of the fact

that both groups had learnt and relearnt at the same time. The diffic¬

ulty with this comparison is tlat the sleep-deprived group may have been

suffering from some non-specific consequence of the deprivation

procedure, e.g, either concentration or short-term memory might have

been impaired (Williams, Lubin and Goodnow, 1959), It was possible

that both these effects might have influence relearning. In order to

investigate this possibility another experiment had to be carried out.

Before describing that experiment, I will run over the Paced and Free

recall results.

For the Faced recall measure, the results were similar to the

Savings % results. The probability values are taken from the Appendix

and are shown in Table 5,7, The results are illustrated in Figure 5,2,
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No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No

Sleep

Mor 8
Mor 16
Mor SD

1.000
0.267 1.000
0.101 0.673 1.000

1.000
0.719 1.000
0.701 0.895 1.000
0.277 0.411 0.623 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.059 0.012 0.003
0.024 0.007 0.002
0.063 0.016 0.007
0.011 0.003 0.001

Table 5.7 Experiment 1, Paced recall, t-test probability values

Comparing the groups who had slept with those who had not, ten

out of twelve comparisons were significant, U3ing a significance level

of 0.05. Of the two comparisons that were not significant, both are

only marginally above the set levels Mor 8 vs Mor 24, P < 0,059

(t = -1.71, df » 10.0)j Mor 8 vs Eve 16, P < 0.063 (t « -1.70, df «

8.7). The U-test produced similar results: Mor 8 vs tor 24,

P < 0.053 (U » 8)} Mor 8 vs Eve 16, P < 0.061 (U » 8).

On the whole, the results were convincing, in that nearly all

No Sleep vs Sleep comparisons were significant whereas no differences

within the Sleep or No Sleep groups were. Within the Sleep and No

Sleep groups all probability levels were greater than 0.1. A couple

of significant differences crept into the multiple comparisons of the

Initial learning measure, when in fact it was obvious, overall, that

there were no significant differences between treatments; similarly

in Paced recall, by chance, two comparisons had just fallen short of

significance. It was obvious with the Paced recall retention measure,

that classifying the groups into Sleep and No Sleep categories was

acceptable.

Whereas both Savings^ and Paced recall produced a similar dis-
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Figure 5.2 Experiment 1. Paced Recall Results
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tribution of probability levels, Free recall, although generalty

similar, was much poorer in producing distinct differences between

groups. The probability values are taken from the Appendix and shown

in Table 5.8. The results are illustrated in Figure 5.3.

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24 ^

No

Sleep

Mor 8
Mor 16
Mor SD

1.000
0.552 1.000
0.568 0.277 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.195 0.389 0.098
0.027 0.050 0.020
0.086 0.186 0.047
0.022 0.038 0.017

1.000
0.131 1.000
0.516 0.320 1.000
0.095 0.304 0.229 1.000

Table 5.8 Experiment 1. Free recall, t-test probability values

It will be seen in both Table 5,5 and Figure 5.3 that the

results do favour the groups who have slept. The mean Free recall

scores of each of the Sleep groups are higher than the mean Free

recall scores of each of the No Sleep groups. Unfortunately, in five

out of the twelve comparisons, the differences are not statistically

significant.

The Free recall measure is normally used with larger subject

numbersj the lack of statistical significance between groups mishit

be attributable to too few subjects. Also, thi3 retention measure

might be considered to be insensitive. One difference between the

Free and Paced recall measures was that the former was subject-paced

whereas the latter was experimenter-paced. The evidence is not too

clear (Davies and Tune, 1970) but it seems that in some vigilance
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Figure 5.3 Experiment 1. Free Recall Results
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tasks deficits induced by sleep-deprivation may not be detectable if

the tasks are subject-paced but are detectable if the tasks are

experimenter-paced (Broadbent, 1953| Wilkinson, 1961). It is possible

the same sort of thing may have happened in my retention tasks. The

experimenter-paced retention measure (Paced recall) clearly shows

differences between Sleep and No sleep, and the subject-paced retention

measure (Free recall) is less clear in detecting differences between

Sleep and No Sleep.

Another difference between Free and Paced recall was that with

the former measure, the subjects were allowed to recall the nonsense

list in any order, whereas with the latter measure, the subjects had

to recall the list in the correct serial order. It could have been

argued that the extra constraint of serial order of the list was

maintained in free recall even though some items had been lost.

Appendix 15 shows the order in which subjects recalled the list.

Perfect serial recall was exhibited by one subject in the Eve 24

group. No other subject achieved perfect recall, but nonetheless it

seemed to me that most subjects did achieve reasonable serial recall.

In an attempt to quantify the serial recall aspect of the Free

recall measure and thus use all the information I had gained in the

experiment, I devised the following scheme. Essentially, I wanted a

score that penalized a subject for recalling nonsense syllables in the

wrong order, so if someone recalled the syllables in the following

orders 1, 2, 3, 4, ....... 11, 12, I wanted a scoring system that gave

me a high score; whereas, if someone recalled in the following orders

12, 11, 10, 9» ....... 2, 1, then I wanted to get a low score. The

simplest way of achieving this was to count the number of times an

item occurred correctly placed relative to the other items. For
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example, If the following was recalled? 1, 2, 3» then, item '1* would

be correctly placed relative to items *2' and *3*• I would thus give

item '1' a score of 2. Item *2* would be correctly placed relative to

item '3' and therefore would receive a score of 1. The total score

then would be 3. If the following recall sequence occurred: 3» 2, 1,

then a score of 0 would be achieved as none of the items are correctly

placed relative to each other.

Using this scoring scheme, one subject in the Mor SD group

achieved the lowest score out of all the subjects, i.e. 1. This sub¬

ject's recall was: 6, 12, 5. The maximum score was 66 and this was

achieved by the one subject in the Eve 27+ group who managed perfect

recall. One advantage with this scoring scheme was that it not only

took account of the serial order but also, to some extent, took

account of the total number of items recalled.

A one-way ANOVA on the serial order, corrected-Free recall

scores (raw data in Appendix 16) was significant (F = 3.01, df =* 6,4.1,

P < 0.018). Details of the ANCVA are given in Appendix 17. The means

and standard deviations are given in Table 5.9 and the results of

t-tests in Table 5.10.

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24- Eve 8 Eve 16 Eve 24-

29.17 36.67 24.50

(17.28) (16.29) (18.36)
38.83 45.50 46.00 55.50

(17.34) (8.74) (13.19) (10.97)

Table 5.9 Experiment 1. Corrected-Free recall means.
Standard deviations in parentheses
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No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No

Sleep

Mor 8
Mor 16
Mor SD

1.000
0.457 1.000
0.660 0.253 1.000

1.000
0.427 1.000
0.440 0.940 1.000
0.080 0.113 0.206 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.178 0.414 0.098
0.038 0.139 0.020
0.045 0.151 0.023
0.007 0.022 0.004

Table 5.10 Experiment 1. Corrected-Free-recall, t-test probability
values

The means of the Corrected-Free recall scores showed virtually

the same pattern as the uncorrected Free recall scores, although group

Eve 16 has benefited when compared to the other groups. The t-tests

also showed practically the same patterns again seven out of the

twelve Sleep vs No Sleep comparisons were significant, although not all

were the same as in the uncorrected Free recall comparisons. Mor 8 vs

Eve 16 had become significant in the corrected version (t = -1.90,

df » 9.4> P < 0.045), and Mor 16 V3 Eve 8 had become insignificant

(t - -1.17, df « 7.7, P < 0.139).

These results showed that trying to include a correction for

serial order in Free recall had little overall effect on the pattern

of the results. Although this was not conclusive, it did suggest that

the difference in the Free and Paced recall measures lay not in the

fact that one demanded the correct serial order in one case and not in

the other, but that one was subject-paced and the other was

experimenter-paced.

It was not worthwhile to calculate the nonparametric Mann-

Whitney U-test on all the possible comparisons in the Corrected-Free

recall scores as little useful information would be gained. However,
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I checked the two smallest significant comparisons, Mor 8 vs Eve 8

and Mor 8 vs Eve 16, and both were confirmed as significant: Mor 8

vs Eve 8, U =» 9, P < 0.045; Mor 8 vs Eve 16, U » 6, P 0,016.

If the original. Free and Paced recall scores are examined (in

Table 5,5) it is notable that subjects recalled less in Paced recall

than in Free recall. This difference was confirmed using a matched

t-test (t = 5*20, df « /VI, P < 0,0001), The mean difference is 1,74

(standard deviation = 2,17), This suggested that although subjects

obviously had much of the nonsense list stored, it perhaps was not as

readily available to them during Paced recall as it was during Free

recall, I took this again to indicate that the difference between the

two measures arose only out of one being subject-paced and the other

experimenter-paced.

I considered the Free recall task to be an insensitive measure

only because it did not clearly show an improvement in recall in the

Mor 24 group compared to the other morning-learners. However, this

did not mean that there was no identifiable sleep-effect. If the

results of the groups who slept were pooled together and the same was

done to the groups who did not sleep, then the Sleep groups could be

seen to be superior to the No Sleep groups: Sleep mean = 10,29;

No Sleep mean » 8,11 (t = -3.14» df « 25.4, P < 0.004, See details in

Appendix 19).

I checked to see whether there were any differences in types of

mistakes made in both Free and Paced recall. Analysis of errors in

recall has been found useful in other areas of memory research (e,g.

Butters and Cermak, 1975). In Free recall, two types of mistake could

be clearly found: Misses and Errors. I classified a mistake as a

"Miss" if the subject did not mention a nonsense syllable that was
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present in the list, and as an "Error" if the subject mentioned a

nonsense syllable or any triplet of letters that was not in the list.

It was apparent that the number of errors, overall, in both Free and

Paced recall is low. To get meaningful results, and as there were few

mistakes in each individual group, I decided to pool the sleep groups

into a "Sleep" grouping and the groups who did not sleep into a "No

Sleep" grouping. The results are shown in Table 5,11 below.

No Sleep Sleep

Errors 1.83 0.96
(2.04) (1.23)

Misses 2.06 0.75
(1.83) (1.11)

Table 5.11 Experiment 1. Mistakes made in Free recall classified
into Errors and Misses. Means, standard deviations
(in parentheses).

T-tests showed no significant differences between the Sleep and

No Sleep groups in the number of Errors (t » 1.61, df » 26.2, P > 0.1)

but a significant difference in the number of Misses (t » 2.68, df »

26.2, P < 0.013)# Two-tailed tests were used as I could make no prior

predictions as to the direction of the results. I might have made a

prediction that the Sleep groups would make less mistakes than the No

Sleep groups but not whether one group would make more of one mistake

than another.

1 analysed the Paced recall results in a similar way, except

that an extra category of mistake was introduced. This category was

called "intrusions". To be included in this category a subject had to

call out a nonsense syllable at the wrong time in the list, so if the

last nonsense syllable in the list was mentioned first, this would
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count as an Intrusion mistake. The results are shown in

below.

Table 5.12

No Sleep Sleep

Errors 2.00 0.96
(1.24) (1.08)

Misses 3.44 1.46
(2.09) (1.22)

Intrusions 0.56 0.58
(0.71) (0.83)

Table 5.12 Experiment 1. Mistakes made in Free recall classified
into Errors. Misses and Intrusions. Means, standard
deviations (in parentheses)

Two-tailed t-tests showed no difference between groups in the

number of intrusions (t « -0.12, df = 39.3, P > 0.01) but significant

differences in Errors (t *= 2.85, df «= 33.9, P < 0,007) and Misses

(t « 3.60, df » 25.5, P < 0.001).

There were no significant differences in the number of

Intrusions between groups; this was a weak indication that sleep was

not having much effect on serial order. If the Sleep groups were

recalling the order of the list better than the No Sleep groups then I

would have expected differences between the number of Intrusion mis¬

takes made between the two groups.

As far as Errors were concerned, the results indicated again

that the Free recall measure was an insensitive one. With Free recall

there was no difference between groups in the number of errors made

(although the means were quite different). With Paced recall, diff¬

erences emerged between the two groups even though the Sleep group
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made no more errors and the No Sleep group made Insignificantly more

errors (Free recall Error score - Paced recall Error scorei Mean =

-0.17, Standard deviation * l,76j Matched t » -0.40, df = 17, P<0.06).
The groups differed significantly in the number of Misses they

made, in both recall measures. Furthermore, both groups made signif¬

icantly more Misses in the Paced recall measure compared to the Free

recall measure (Free recall Miss score - Paced recall Miss eoore:

No Sleep: Mean = -1.39, Standard deviation = 2.4-51 t = -2.40, df « 17,

P < 0,028; Sleep: Mean « -0.71, Standard deviation « 1.20, t » -2.90,

df » 23, P< 0.008; matched t-tests).
Both the analyses on the Corrected-Free recall scores and the

Error scores were ad hoc affairs. However, they both suggested, albeit

weakly, that the difference between the Paced and Free recall measures

differed because the former task demanded a rapid response from the

subjects, whereas the latter task allowed unlimited time for the sub¬

jects to respond, The increase in the number of Miss errors made by

subjects in the Paced recall task was a useful indicator of this.

Overall, sleep seemed to have had a similar effect on both

males1 and females' memory. Although I had equal numbers of males and

females in each group, I ran a 2 x 7 AN0VA (sex, groups) to check

whether there were any sex differences. The results have been divided

into males and females and are shown in Appendix 20. The 2x7 ANOVA's

are in Appendix 21. The ANOVA's indicated no sex differences in

Initial learning (F = 0,28, df « 1,28, P > 0,1), Relearning (F « 1.59,

df « 1,28, P > 0.1) and Paced recall (F « 0.95, df « 1,28, P > 0.1).
Sex differences emerged in Free recall (F =* 6.23, df « 1,28, P < 0.02)

and Savings % (F « 4.5, df = 1,28, P < 0.05). This meant little more

than females, once they had learnt to criterion, remembered better
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than males. No Interactions were significant, suggesting that sleep*s

beneficial effect on memory did not favour any sex in particular.

It may worry some readers that as three retention measures (Free

recall, Paced recall and Savings%) have been used, I have increased my

chances of getting significant and appropriate results. This is true,

but as two out of three of the measures are almost unanimous, then I

think it is reasonable to assume that the differences I have found are

true. For the sceptical, I close this section with the multivariate

parallel of the univariate t-test, Hotelling's T2 test. This test has

many assumptions but most are the same as the ordlaary t-test. The

advantage of the test is that it compares all three variables simul¬

taneously and gives a single probability value at the end. The

results are shown in Table 5.13» and the actual T2 and F values in

Appendix 22.

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Mbr 8
Mor 16
Mor SD

1.000
0.259 1.000
0.163 0.738 1.000

1.000
0.415 1.000
0.799 0.307 1.000
0.269 0.615 0.656 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.044 0.020 0.019
0.045 0.046 0.005
0.060 0.037 0.013
0.060 0.035 0.005

Table 5.13 Experiment 1. Probability levels found with Hotelling's
T squared test on Free recall, Paced recall and Savings %

It will be seen that two comparisons have just dropped beyond

the set 0.05 level (Mor 8 vs Eve 16; Mor 8 vs Eve 24). The level of

significance 0.05 is an arbitrary figure and I accept the probability

values of 0.06 as significant. In other words, I am willing to take a
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1 In 17 chance that the result has occurred through chance, Instead of

the normal 1 in 20. If this is acceptable then it will be seen that

all No Sleep vs Sleep comparisons show significant differences,

whereas all Sleep vs Sleep, or No Sleep vs No Sleep, show no significant

differences between groups.

Dj^cu^lpn

Overall, the results are clear. For Paced recall and the

Savings % measures, all groups who slept remembered more than the

groups who did not sleep. For Free recall, the results were less

clear but it was shown that if the groups who had slept were pooled

together and the groups who had not slept were pooled together, then

the groups who slept recalled more than the groups who had not slept.

Of equal importance was the fact that no differences were found

within the Sleep and No Sleep groups on any measured variable.

When the recall results were scrutinized, it was found, albeit

weakly, that the difference between Free and Paced recall measures

may have resided in the fact that the former task was carried out in

an environment in which the subject was allowed a lot ot time to

recall the nonsense syllables, whereas in the latter task the subject

was forced to respond within the time limitations set by the

experimenter.

One difficulty remains: the sleep-deprived, Mor SD group were

being asked to perform in a situation where there is reason to suspect

that they might be suffering from some non-specific consequence of the

sleep-deprivation procedure. Before discussing the results as a whole,
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it is necessary to resolve this difficulty.

Experiment 2

Introduction

I considered the most Important comparison in the previous

experiment to be Mor SD vs Mor 24. It has already been mentioned that

the difficulty with this comparison is that the Mor SD group may be

suffering from some non-specific consequence of the sleep-deprivation

procedure. It was necessary to do a control experiment to test

whether the sleep-deprivation procedure was affecting either memory

specifically or performance on the retention tests in a non-specific

way.

Degiffi

The following design was adopted and is shown in Table 5.14.

Control group Learn—> 1 night's —pi day —1 night's—^Retention
sleep sleep test

Experimental
group

Learn—> 1 night's—>1 day —> 1 night's —^Retention
sleep sleep test

deprivation

Table 5.14 Experiment 2, Design

Both the Control and Experimental groups learnt the nonsense list

at the same time and both had one night's sleep. The Control group
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went on and had a second night's sleep and was then tested for its

memory of the nonsense list the following morning. The Experimental

group was sleep-deprived on the second night of the retention interval

and was then tested the following morning. It was predicted that if

the difference between the tor SD and Mor 24 groups was attributable

to a non-specific consequence of the sleep-deprivation procedure, e.g.

concentration deficit in the tor SD group, then there should be a

significant difference between the Control and. Experimental groups.

With this argument I could have predicted the direction of the differ¬

ences the Experimental group should have been inferior in performance

to the Control group. On the other hand, if the difference in

Experiment 1 between the Mor SD and Mor 24 groups had arisen from the

Mor SD group not fully consolidating the nonsense syllable list, then

I could predict no differences between the Control and Experimental

groups. I argued that both Control and Experimental groups would have

fully consolidated the nonsense syllable list in the first night and

there was no reason, related directly to memory, why subsequent sleep-

deprivation of the Experimental 1 group should impair its performance.

Therefore the prediction was that there would be no differences

between the Control and Experimental groups on any of the retention

measures.

I chose a retention interval of approximately 33h. The subjects

learnt the nonsense list in the evening and recalled the list two

mornings later. In retrospect, I should have ehosed a retention

interval of 4Sh. This would have been more elegant as there would

have been no argument as to the effect of the different time of day

between learning and relearnlng. This was not an important factor as

both the Control and Experimental groups learnt and releamt at the
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same times. The reason I chose the shorter retention Interval was

because of a mistaken impression of the possible rate of forgetting of

a nonsense list. At the time of the experiment I was worried that if

the retention interval was too long, then a lot of forgetting might

occur and the retention test scores might be very low, I might, thus,

have got a "flooring" effect. The reason why I thought a lot of

forgetting might occur originated from studying the other memory liter¬

ature in which high forgetting rates were found, e.g. Figure 4.1.

Underwood (1957) has put forward the explanation that the high for¬

getting rates occur through the repeated use of the same subjects.

These subjects are thought to get confused between previously and

newly learnt lists. This confusion between lists gives rise to

apparently high forgetting rates, I should say that I am not the only

one to be misled by the older literature. Nelson (1971) is an example

of an Investigator who has been surprised by the low forgetting rates

he found in an experiment which used subjects who had never before

faced a memory drum.

2&&gd

The method used In Experiment 2 was identical to that used in

Experiment 1. It was carried out in February and March 1976. I did

not, however, liva in Pollock Halls of Residence during the course of

the experiment and this caused some practical difficulties in running

the experiment. I had intended to have 15 subjects in both groups but

as subjects found it easier to dismiss themselves from the experiment

by not being available at the correct time, I was eventually left with
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only 13 subjects in each group.

The two groups of 13 subjects must be further subdivided into

two groups, A and B. The composition of the groups is shown in

Table 5.15.

Subject Numbers

Group A
Control
Experimental

5
5

Group B
Control
Experimental

8
8

Table 5.15 Experiment 2, Composition of
Groups A and B

Group A was tested in Pollock Halls under identical conditions

to the subjects used in Experiment 1. Group B were tested at the Sleep

Laboratory in the Department of Psychiatry, Royal Edinburgh Hospital.

It was necessary to change the location of the experiment because of

the difficulties I had in running the experiment at Pollock Halls when

I was not living there. In other words, the difference between the

two Groups was one of location. This should have made no difference

in either the learning or retention scores.

Refisu^tp

As Table 5.15 showed, it was possible to classify the subjects

into four groups. As far as the prediction that there should be no

difference between the Control and Experimental groups was concerned,

there were no difficulties in analysing the results. As practical

concerns had divided the subjects into Group and Group B, it was
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necessary to check that there were no differences between the two

groups. Consequently a 2 x 2 ANOVA was performed on the raw data

(see Appendix 23).

The details of the 2x2 ANOVA are given in Appendix 24. There

is no non-parametric equivalent of this type of ANOVA, The results

are shown in Table 5.16.

Group A Group B

Control Experimental Control Experimental

Initial

learning
36.40 45.20
(15.92) (15.66)

34.25 29.63
(12.88) (9.50)

Releaming 7.20 7.60
(2.49) (5.27)

4.63 3.88
(2.26) (2.85)

Free recall 9.20 9.80
(2.59) (1.30)

10.38 10.38
(1.06) (1.41)

Paced recall 7.40 6.40
(1.95) (1.14)

8.50 8.88
(1.85) (2.53)

Savings % 77.64 80.67
(9.27) (15.34)

86.37 85.83
(4.20) (9.17)

Table 5.16 Experiment 2. Results, Means and Standard deviations
(shown in parentheses)

The 2x2 ANOVA revealed no differences between the Control and

Experimental groups in any measured variables Initial learning (F »

0.16, df » 1,22, P > 0.1), Relearning (F « 0.02, df - 1,22, P > 0.1),
Free recall (F « 0.22, df « 1,22, P > 0.1), Paced recall (F » 0.15,

df - 1,22, P > 0.1), and Savings % (F » 0.11, df « 1,22, P > 0.1).

Thus, it would seem that the sleep-deprivation procedure itself ha3 no

effect on the subjects performance on retention tests, if the sub¬

jects have had one night's sleep before the sleep-deprivation night.

Curiously, differences emerged between Groups A and B on the
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Relearoing (P » 5.87, df » 1,22, P < 0.024.) and Paced recall (F » 4.85,

df ■ 1,22, P < 0.039) measures. It will be seen in the results in

Table 5.16 that Group B have remembered slightly more than Group A*

this is shown by lower relearning scores and higher Paced recall

scores. This was an odd and unpredicted finding and I decided that

this difference was probably a chance event. If I had attempted to

replicate this peculiar and uninteresting finding, I doubt whether I

would have obtained the same results.

As differences had arisen between Groups A and B, I checked to

see from what source these differences arose. For Savings^, two-tailed

t-tests showed no significant differences between either Group or

between any Condition (Control versus Experimental)*

Group A, Experimental vs Control
Group B, Experimental V3 Control
Control, Group A vs Group B
Experimental, Group A vs Group B
Group A, Control V3 Group B

Experimental
Group B, Control vs Group A

Experimental

t = 0.15, df « 5.7, P > 0.1
t - 0.58, df » 13.3, P > 0.1
t - 1.88, df - 8.0, P > 0.097
t - 1.45, df » 5.5, P > 0.1

t « 2.21, df ■ 9.6, P < 0.052

t - 1.19, df » 4.9, P > 0.1

The only comparison that was near significance was Group A,

control vs Group B experimental, P < 0.052, This was an unpredicted

finding as the group that relearnt the fastest was actually the group

that had been sleep-deprivedI

I also performed t-test on the Paced recall measure*

Group A, Experimental vs Control
Group B, Experimental vs Control
Control, Group A vs Group B
Experimental, Group A vs Group B
Group A, Control vs Group B

Experimental
Group B, Control vs Group A

Experimental

t - 0.99, df « 6.5, P > 0.1
t - -0.34, df « 12.8, P > 0.1
t » -1.01, df - 8.3, P >0.1
t « -2.40, df » 10.4, P < 0.036

t » -1.18, df - 10.3, P > 0.1

t * -2.53, df ■ 11.0, P < 0.028
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Two significant differences were found. For the Experimental

conditions (sleep-deprived) Group B recalled more than Group B. Again

I decided that was probably a chance event. The only comparison out

of all the experimental measures that shows sleep-deprivation to be

deleterious is Group A, Experimental vs Group B, Control and I suggest

that this difference has arisen only because of the strangely better

memory of Group B.

Group A and Group B's results were pooled and a one-tailed

t-test was performed between the Control and Experimental conditions.

These are shown in Table 5.17.

Means (Standard deviations)
. Degrees of Probab-

freedom illtyControl Experimental

Initial
learning
Relearning
Free
recall

Paced
recall

Savings %

35.08 (13.51) 35.62 (14.02)

5.62 (2.60) 5.31 (4.19)

9.92 (1.80) 10.15 (1.35)

8.08 (1.89) 7.92 (2.40)

83.01 (7.65) 33.85 (11.59)

0.10 24.0 >0.1

-0.22 20.0 >0.1

0.37 22.2 >0.1

-0.18 22.8 >0,1

0.22 20.8 >0.1

Table 5,17 Experiment 2. Pooled results and one-tailed t-test
between the Control and Experimental groups

No significant difference was found between the two conditions» the one-

tailed being used in this circumstance only as it is the most efficient

test available.

A one-tailed test should not have been used but was employed

only because I wanted to demonstrate categorically that there were no
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differences between the Control and Experimental groups. I should

also reiterate that a larger number of subjects were used in this

experiment compared to Experiment 1 because I was predicting no

difference between the two conditions.

Discounting the differences between Group A and Group B, the

experiment clearly showed that if subjects, after learning a nonsense

syllable list were allowed to get one night's sleep, then subsequent

sleep-deprivation did not affect their performance on any retention

measure of the nonsense list.

General dippup^pn

The comparison between Mor 24 and Mor SD in Experiment 1 showed

that the sleep-deprivsd group remembered less than the group who has

slept. Circadian variations in either learning ability or recall

ability may be ignored as both groups have learnt and recalled at the

same time. I proposed that the difference between these two groups

lay in the possibility that the Mor 24 group was performing with a fully

consolidated menory trace (consolidation being completed during sleep),

whereas the sleep-deprived group was performing with a memory trace

that was only partially consolidated. I also pointed out that the

difficulty with this comparison was that the inferiority of the sleep-

deprived group may have been dependent on some non-specific effect of

the sleep-deprivation procedure. The results of Experiment 2 showed

that performance in recall or reiearning tasks was not impaired by

sleep-deprivation. Experiment 2's results strengthen my proposal

that consolidation of the engram, in humans, is completed during
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sleep. For, in Experiment 2 both groups have had one night's sleep,

before one group was subsequently sleep-deprived and the other group

was allowed its second night's sleep. There were no differences in

subsequent retention tests between the groups who slept and the groups

who were sleep-deprived. This result indicates that once the memory

trace i3 consolidated (during the first night's sleep), further dis¬

ruption of sleep has no effect on retention tests.

Experiment 2's results further imply that sleep-deprivation has

no effect on retrieval processes. If the Mor 24 vs Mor SD comparison

is again considered, it is possible that Mor SD's inferior performance

is attributable to a retrieval failure caused by the sleep-deprivation,

not to a consolidation failure. Experiment 2's results do not support

this, for if retrieval failure is being caused by sleep-deprivation,

then there should have been differences between the Control and

Experimental groups in Experiment 2.

The results show that deprivation of the first night's sleep

after learning is detrimental to memory. The only other experiment

showing that one night's sleep-deprivation might impair memory was

oarried out by Voj techovsky et al (1971) and the description of the
/

experiment was sufficiently obscure to make me wonder whether in fact

they had only shown that short-term memory was being impaired (see

Chapter 4). This raises another interesting feature of my results.

When my subjects were relearning the nonsense list, after being sleep-

deprived, their short-term memory was presumably impaired (Chapter 4).
It had seemed reasonable to assume that relearning, and thus Savings %,

would in part be dependent on short-term memory. The results of

Experiment 2 are contrary to this assumption and I assume that the

short-term memory component in relearning is negligible.
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Benson and Feinberg's (1975) results are confirmed and extended.

Mor 24 was found to be superior to Mor 8, in agreement with Benson and

Feinberg, but it is possible to go further and say categorically that

sleep has been the important variable in causing the superior perfor¬

mance of the Mor 24. group.

It might be argued that the difference between the morning

groups arises from some of these groups becoming progressively tired

during the day. If the Paced recall results are viewed in Graph 5.2,

then it could be argued from these results that the group who recalled

in the afternoon (Mor 8) was less tired than the group who recalled in

the evening (Mor 16) c? were sleep-deprived (Mor SD), and that the

group who recalled in the morning after sleep (Mor 24.) were simply

fresh, wide-awake and fully alert. As the Mor 24 group is v^de-awake
and fully alert, then perhaps it is not surprising to find they per¬

form well. Experiment 2 disposed of this type of argument, as no

difference was found between the group who had been sleep-deprived

(Experimental) and were presumably very tired, and the other group who

had slept (Control) and were presumably fresh and alert.

Experiment 1 indicated that there was no difference between

learning in the morning or the evening. It is possible that learning

ability may differ at other times of day, e.g. the afternoon, but from

my data I cannot comment on this.

The results indicate that there are no circadian variations in

either relearning or recall ability of material stored in long-term

memory. Recently, Folkard, Monk, Bradbury and Rosenthal (1977) have

confirmed that this might be the case. These authors found that

school children varied in their ability to recall from immediate

memory during the day. Recall on an immediate memory task was
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superior in the morning compared to the afternoon. Recall ability in

a long-term memory task (the retention interval was one week) did not

differ between morning and afternoon. In my experiment, if just the

evening learning groups (sleepers) are considered, then there appears

to be no variation in relearning or recall between morning, afternoon

and evening. If the morning learners who did not sleep are considered,

the same result is obtained; there is no variation between morning,

afternoon and evening recall. If sleep is introduced, then there i3

an improvement in recall. This improvement is not a sleep-dependent

circadian variation. It is probable that if the experiment had been

extended and had a retention interval of 48h, then the Mor 24 group

would have been found not to differ significantly with the new Mor 32

group (recall in the afternoon, 32h after learning) or a Mor 40 or a

Mor 48 group. In other words, I suggest that the improvement of the

Mor 24 group is a once-only phenomenon; one may expect an improvement

in recall of newly learnt nonsense material after the first night's

sleep but not subsequently.

Jenkins and Dallanbach's (1924) observations have been used in

support of Interference Theory. Because of internal inconsistencies

in the theory, the theory has for some time now been in disarray

(Tulving and Madigan, 1970). However, the theory is still a major one

ir. verbal memory research and it is necessary to see how it stands in

the light of my results. At its simplest, Interference Theory states

that forgetting occurs through "unlearning" or interference of old

memories by newly learnt material. Over time, a3 new learning occurs,

this produces more interference with or more unlearning of old

memories. Jenkins and Dallenbach's results fit nicely with this theory

as the Eve 3 group has had no chance of learning new material, whereas
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the Mor 8 group has had 8h opportunity to learn new material which

would interfere with the old material. Jenkins and Dallenbach * s

results were confirmed in my experiment but, overall, Interference

Theory was not supported. A number of observations did fit in with

the theory, e.g. Mor 8 vs Eve 8, Mor 24 vs Eve 24, Mor SD vs Mor 24.

With these comparisons the groups who had recalled least were also the

groups who had had most oportunity for learning interfering material.

However, there were many comparisons which did not fit in with the

theory, e.g. Mor 8 vs ivior 24, Mor 16 vs Mor 24, Mor 8 vs Eve 16, Eve 8

vs Eve 24. These comparisons showed groups who, according to Inter¬

ference Theory, recalled more than they should (Mor 24 compared to

Mor 8, and Eve 24 compared to either Mor 8 or Eve 8 should have

recalled less than they did, whereas Mor 16 should have recalled the

same as Mor 24, and similarly, Mor 8 should have recalled the same as

Eve 16),

Consolidation theory is capable of explaining my results

although a simple modification to the theory is needed. The modif¬

ication is this; consolidation i3 not completed until sleep has

taken place. Armed with this statement and a number of assumptions,

the results of Experiments 1 and 2 fall into a meaningful pattern,

especially if only the Paced recall and Savings % measures are con¬

sidered. Free recall, as I have suggested earlier, might be considered

as being an insensitive measure.

Let us assume, as Hebb and other have, that at the time of

learning some neurons are made to reverberate, in such as way that the

information received during learning is stored. Let us next assume

that these reverberating neurons produce a pool of messenger-RNA

(m-RNA) which also carries the information gained during learning.
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This m-RNA need3 to be translated into protein and it is probable

that translation begins either during or soon after learning. Apart

from being used in translation, the m-RNA is also being degraded, so

information is being lost all the time. Chapter 2 indicated that sleep

was a time for enhanced net protein synthesis and presumably the rate

of translation is high compared to wakefulness. The evening-learners

in my experiment are in a good position for eventual recall, as the

m-RNA formed after learning will have had little time in which to be

de^ra^ed and presumably will have been translated into a permanent

protein-based memory very rapidly. The morning-learners are not in

such a good position, as the rate of protein synthesis is going to be

lower during wakefulness than during sleep. So, considering the

Mor SD group, alter 24h, the amount of memory-related protein is going

to be lower compared to any of the groups who have slept and presum¬

ably, therefore, their retention scores will suffer.

Mor 24.'s results are interesting as they are on par with the

other sleep groups. I found this a little surprising as I would expect

that m-RNA pool formed at learning would have suffered some degrad¬

ation, and therefore loss of information before sleep takes place. I

would expect these subjects to be superior to the other groups who did

not sleep, but inferior to those groups that did sleep. There are, at

least, two possible explanations as to why this may not have happened.

First, it is possible that my retention measures are not sensitive

enough to detect this pattern. If the savings measure is taken as an

example, my results are very near the ceiling. After a subject learns

to a criterion and retention is measured immediately afterwards, one

may expect a "post-crlterial drop1*. That is to say, the subject will

probably not reach the criterion in the first trial but may be anything
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between one to three trials to re-attain criterion. The overall

Initial learning mean is about 26 trials. This means that on immediate

testing, one would expect savings scores to range between roughly

88 and 96%. This range is slightly above that found with the evening

learners but is reasonably close. So, For 24- may have improved as

much as it could but the Eve 8, Eve 16 and Eve 24. groups could not be

shown to improve as much as they could have.

Second, either the m-RNA was degraded only a little and con¬

sequently there was little loss of information before the protein was

synthesized, or redundant m-RNA was produced at learning and the

degradation of the m-FNA resulted in little loss of information.

Although the results show that sleep was important for memory

there are still other possible interpretations which I will now con¬

sider. State-dependency (mentioned in Chapter 3) could explain some

of my results. If the morning-learners are considered first, then the

best recall should be achieved by the Mor 24. group, as this is the

time when the body's state is going to be most similar to the state at

the time of learning. Clearly Mor 24 was superior to Mor 8, Mor 16 and

Mor SD. However, for the evening-learners, one would predict Eve 24

to be superior to Eve 8 and Eve 16. This was not the case. Also, in

Experiment 2, the Control and Experimental groups would both be in

states dissimilar to each other at the time of recall, so one might

expect differences between these two groups. This did not occur.

Arousal at the time of learning was suggested at the end of

Chapter 4 as a possible explanation of some of the experiments

described in that chapter. It was rejected then but I shall go over

my results to check whether it is a viable explanation in my experi¬

ments. High arousal at the time of learning is associated with poor
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immediate recall but superior long-term recall. Low arousal at the

time of learning is associated with good immediate recall and poor

long-term recall. Arousal is directly correlated with body temper¬

ature, so one would expect low arousal levels in the morning and high

arousal levels in the evening, results do show the evening

learners (high arousal) to be superior on the retention tests to most

other groups. However, their immediate memory does not seem to have

been impaired as the number of their learning trials was not high

(compared to morning-learners). The morning-learners are generally

poorer but group Mor 24. is superior to the other morning-learners and

on par with the evening-learners. The best comparison is Mor 24- vs

Eve 24- and there is no difference between these two groups.

There is some evidence that shows high arousal at the time of

recall will improve performance on retention tests (Uehling and

Sprinkle, 1968), From this one would expect the groups who recalled

in the evening to be superior to the morning and afternoon recall

groups. This did not occuri Eve 24. ua3 not superior to Eve 16 or

Eve 8j nor was Mor 16 superior to Mor 8, Mor SD or Mor 24.. Eve 24- was

superior to Mor 8 and Mor SO but then Eve 24. had slept whereas the

otiiers had not.

My results conform with a lot of the sleep and memory literature

cited in Chapter A* One advantage with my experiment was that three

retention intervals were used which could all be compared with each

other. Before Experiment 1 was performed, comparisons could only be

made within retention intervals, e.g. Mor 8 vs Eve 8, but not between

retention intervals, e.g. Eve 8 vs Eve 24* There are three published

exceptions to tho last statement. 2h MeGaugh and Hostetter's (1961)

experiment comparisons between Eve 8 and Eve 16 could have been made.
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Similarly, in Benson and Feinberg's (1975) experiment, comparisons

between Mor 24 and Mor 8, or Eve 8 and Ere 24 were made. The third

exception was published many months after I had presented a paper

based on my observations to the Third European Congress on Sleep

Research (held in Montpellier, France in September, 1976). This

paper, Benson and Feinberg (1977), describes toe use of three reten¬

tion intervals in a situation identical to mine, 3ave for the use of a

meaningful, paired-associate list for the learning material. This

paper has been partly discussed in the previous chapter. These

authors did not use an important group in my experiment, namely

Mor SD. On one recall measure, Benson and Feinberg (1977), found

Mor 16 to be significantly belter compared to Mor 8. From this com¬

parison, using meaningful material, the authors re ached the unjustif¬

ied conclusion that an improvement in recall in thoir earlier experi¬

ment, using nonsense syllables, occurred before sleep. I will discuss

the report of these authors more fully in the next chapter as this

deals with an experiment using meaningful material. However, I would

like to point out that an improvement in recall between afternoon and

evening does not mean that sleep is not important to memory. The only

way to check thi3 with certainty is to sleep-deprive a group. Subjects

may, as I have mentioned before, perform better on retention tests

when arousal level is high. Arousal level In the evening may be

higher than the afternoon,

Conplpglong

Generally, the results of Experiment 1 showed that sleep
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benefits long-term memory. The Paced recall and Savings % measures

were particularly clear in this respect. Free recall was broadly

similar but several comparisons did not achieve statistical signif¬

icance. There was a weak indication in the data that the basis of the

difference between the Free and Paced recall measures was that the

former task was subject-paced (or unpaced), whereas the latter measure

was experimenter-paced,

I considered the comparison between Mor 24- and Mor 3D to be a

crucial one and consequently performed Experiment 2 in order to ascer¬

tain whether a side-effoct of the sleep-deprivation procedure was

causing a difference in performance between the two groups.

The interpretation of the results of Ihperiment 2 were slightly

hampered by the fact that the experiment was carried out in two

locations and, unfortunately, a small unpredicted difference between

locations was found. This difference was assumed to have occurred

through chance. In any case, in both locations (and even if the

results of the two locations were pooled) there were no differences

between the Control and Experimental conditions. The results show that

if one nights sleep occurs after learning, then subsequent sleep-

deprivation on the following night will not impair performance on

retention testa.

The results of both Experiment 1 and Experiment 2 demonstrate

that sleep improves memory, and the be3t explanation of the improvement

is in terms of differing consolidation rates. Consolidation appears to

be enhanced during a night's sleep compared to daytime wakefulness.

Hie results confirm, add weight to, and extend many of the

earlier sleep and memory studies.
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chaptp 6
MEANINGFUL WORDS AND SLEEP (EXPERIMENT 3)

Introduction

The previous chapter described two experiments on nonsense

syllables and sleep. Ibis chapter describes the same type of experi¬

ment but this time a list of meaningful words was used instead of non¬

sense syllables.

, A list of words, rather than a paired-associate list was used for

two reasons. First, I did not want to depart too far from the learning

method used in the previous two experiments. Those experiments used

the serial anticipation method of learning. Second, Chapter -4 noted

that experiments using paired-associate lists frequently did not show

sleep to have any effect on memory.

The purpose of this experiment was to determine whether sleep

enhanced the memory of a list of meaningful words. The results of

previous experiments would thus be extended.

Method

General Procedure

The same design and procedures described in the methods section

of Experiment 1 were used in this experiment. The experiment was con¬

ducted in April 1976 and I again moved into Pollock Halls. Two further

Halls of Residence, Lee House and Ewing House, were used in this

experiment. Permission was gained from the respective Senior and House

Wardens.
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Two Psychology graduates were employed to help me carry out the

testing. The work-load was divided evenly between the three of us,

each experimenter testing two subjects from each group. The testing

schedule is shown in Appendix 25, and it will be seen that the time

it took for the experiment to be run was reduced from 16 to 8 days even

though two extra groups were added. The two extra groups were the same

as the Control and Experimental groups in Experiment 2 (described in the

previous chapter). There were six subjects in each of these groups as

1 intended to add more subjects to each group in the Sleep Laboratory,

in the same way as in Experiment 2. By employing two other testers, By

own work-load was reduced and also there was less time for students to

talk amongst themselves during the period of the experiment. Even

though subjects were requested not to discuss the experiment amongst

themselves, I assume there must have been some gossiping; by reducing

the length of time it took to do the experiment, the amount of time in

which gossip could have spread was reduced.

When subjects were being recruited for the experiment, an extra

question, which was not asked in Experiment 1, was introduced. The

potential subject was asked whether he had heard of any similar experi¬

ments performed on the site. If the subject showed any inkling of

knowledge about Experiments 1 and 2, they were not included in the

sample.

Another Psychology graduate was employed to help invigilate in

the mornings with the jig-saw puzzles and to help monitor the sleep-

deprivation nights.

The Word List

Pilot studies showed that a list of 12 words was learnt very
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rapidly. A list of 21 words generally took longer than 10 trials. I

could not increase the list length beyond 21 words as this exceeded the

capacity of the memory drum.

The words were derived from two sources (Paivio, Yuille and

Madigan, 1968} Brown and Ure, 1969). Paivio et al's list provides data

on how "concrete" a word is, and how much "imagery" is elicited from a

word. It also provides an indication of how frequently a word is used

in printed English. The frequency value was taken from the Thorndike-

Lorge word count (1944)• Paivio et al gained their data on imagery by

asking subjects to rate, on a seven-point scale, how difficult or easy

it was to arouse mental images from the stimulus words. Their data on

eoncreteness was gained in a similar fashion.

Brown and Ore's list was also derived from data gained by the use

of seven-point scales but these authors investigated the Goodness,

Pleasantness, Qnotionality and Concreteness of words. They also

explored the "Associative difficulty" of words. This last attribute

interested me as it seemed that there might be a weak parallel between

the Associative difficulty of words and the difficulty of associating

words, images or events with nonsense syllables. Brown and Ure's list

did not include the frequencies of words but I gained these from the

Thorndike-Lorge word count.

Rather than simply use a list of words with one attribute, e.g.

Concreteness, I used a heterogeneous list composed of three categories

of word: High Concreteness, High Imagery and High Associative diff¬

iculty. By using three types of word, I hoped to see whether sleep

enhanced all three types equally or whether some types might not be

more affected than others.

It turned out to be difficult to compose the list. Words with
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high concreteness ratings often had high imagery ratings as well.

Paivio et al list the words that differentiated imagery from concret¬

eness and seven of these words were used in the list. They were

classified High Imagery. The seven words classed as Concrete were

those that had high concreteness ratings with lower imagery ratings.

The words that had the highest Associative difficulty in Brown and

Ure's list were not used as it seemed to me that they were all very

similar, e.g. corpse, corrupt, dead, grudge, guilty, malice, menace,

stolen, suicide, thief, and wickedj All these words might well have

come from a court-room. Seven other words were eventually chosen.

The three classes of words were assembled in a random fashion

into a list. The list was then examined to see if any obvious connec¬

tions between adjacent words were present. Some connections were

found, e.g. "brave retailer". Pairs of words that were obviously

connected were separated.

Learning was ty serial anticipation but in place of asterisks as

cues for the stimulus word, nonsense syllables were used instead. I

placed nonsense syllables into the list in order to see whether they

would be learnt incldently. The first twelve nonsense syllables aro

the same as those used in Experiments 1 and 2j the remairdsr will be

found in Appendix 26. The subjects were told to ignore the triplets of

letters and use them only as a cue for the oncoming word.

The word list will be found in Appendix 27.

The means and standard deviations are shown in Table 6.1 and the
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raw data will be found in Appendix 28.

No Sleep Sleep

tor 8 tor 16 tor SD Mor 24 Eve 8 Eve 16 Eve 24

Initial
learning

13.67 18.00 20.67
(5.99) (8.20) (5.24)

14.50 17.50 16.00 18.67
(5.24) (6.54) (5.97) (4.46)

Relearning 4.00 4.33 3.67
(1.79) (2.42) (2.07)

3.33 2.83 3.67 4.83
(2.07) (0.98) (2.50) (4.75)

Free
recall
(total)

19.00 19.83 19.00
(2.53) (2.04) (2.00)

19.83 19.67 20.17 19.17
(1.17) (1.97) L.33) (1.17)

Paced
recall
(total)

15.83 17.17 16.83
(3.49) (3.49) (3.17)

16.17 17.50 19.17 17.50
(3.43) (2.59) (1.94) (1.52)

Savings
%

70.70 75.15 82.49
(3.82) (15.37) (8.01)

77.25 83.10 79.26 74.55
(9.41) (5.37) (9.14) (20.48)

Table 6.1 Experiment 3. Means and Standard deviations (in paren¬
theses) of Initial learning, Relearning, Free and Paced
recall (totals), and Savings %,

One-way ANOVA's revealed no significant effects between groups

in Initial learning (F « 0.98, df ■ 6,35, P > 0.1), Releaming (F - 0.38,

df ® 6,35* P >0.1), Free recall (F « 0.4Q, df » 6,35» P > 0.1), Paced

recall (F * 0.97, df » 6,35, P > 0,1) or Savings % (F » 1.99, df =» 6,35,

P >0.05). Details of the ANOVA's are given in Appendix 29 and details

of the nonparametric Kruskal-Wallis AHOVA, which yielded similar

results, in Appendix 30.

As three categories of word were used in the list, both Free and

Paced recall scores were re-examined to determine whether sleep had

differentially affected any of the categories. The results are shown

in Table 6.2 and the raw data will be found in Appendix 28.

One-way AHOVA's revealed no significant differences between groups
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No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Free
recall

Concrete¬
ness

6.50 6.33 6.50
(0.84) (1.21) (0.55)

7.00 6.33 6.83 6.50
(0.00) (1.03) (0.41) (0.55)

Imagery 6.33 6.83 6.67
(1.21) (0.41) (0.82)

6.83 6.50 6.67 6.50
(0.41) (0.84) (0.52) (0.55)

Associative
difficulty

6.17 6.67 6.00
(0.98) (0.82) (0.89)

6.00 6.83 6.67 6.17
(0.89) (0.41) (0.52) (0.75)

Paced
recall

Concrete¬
ness

5.00 6.17 5.50
(2.10) (1.17) (1.38)

5.50 5.33 6.17 5.50
(1.38) (1.21) (1.17) (1.23)

Imagery 6.00 6.50 5.50
(1.10) (0.84) (1.64)

4.83 6.00 6.83 5.67
(1.17) (0.89) (0.41) (0.52)

Associative
difficulty

4.83 4.50 4.83
(1.47) (1.64) (1.60)

5.83 6.17 6.17 6.33
(1.60) (0.98) (0.98) (0.82)

Table 6.2 Experiment 3. Means and Standard deviations (in parentheses)
of Free recalli Concreteness, Imagery and Associative difficulty;
Paced recall* Concreteness, Imagery and Associative difficulty

on Free recall: Conereteness (F » 0.67, df « 6,35* P > 0,1), Imagery

(F » 0.39, df » 6,35# P > 0,1) and Associative difficulty (F « 0.31,

df « 6,35# P > 0.1); Paced recall: Concreteness (F «* 0.56, df « 6,35,

P > 0.1), Associative difficulty (F = 1.99, df « 6,35# P > 0.05). A sig¬

nificant effect was found with Paced recall, Imagery (F * 2.53, df = 6,35,

P < 0.04). The details will be found in Appendix 31. The parallel non-

parametric analyses will be found in Appendix 32; these showed a similar

pattern of significance.

It was clear that the pattern of results found in Experiment 1 was

not present. Out of the eleven variables measured, only one (Paced recall,

Imagery) showed a significant difference between groups and this one is

weak (F < 0.04). This being the case, my first and conservative interpret¬

ation- of the results was that sleep had not benefited a list of meaningful
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words as clearly as it had been shown with nonsense syllables. I took

this interpretation to be the correct one, but out of curiosity

analysed the results a little further.

First 1 pooled the data for all the sleep groups and all the

groups that did not sleep. T-tests showed no significant differences

in any of the variables except for Paced recall, associative diffic¬

ulty (t » -3.39, df - 29.6, P < 0.001). Details will be found in

Appendix 33. X was not justified in doing this with Paced recall,

Imagery as the ANOVA showed a significant difference between groups.

This was caused by five 16 recalling more than Mor 24 (t « -3.96,

df « 6.2, P < 0.007)| Eve 16 recalling moire than five 24 (t « 4.34,

df «* 9.5, P < 0.002)| and Mor 16 recalling more than Mor 24 (t * 2.84,

df « 9, P < 0.019). Details are given in Appendix 34. All these

comparisons for Faced recall, Imagery, used two-tailed tests. These

results did not form a meaningful pattern. It is likely that as most

subjects recalled nearly all the words, a "ceiling" effect was being

observed. I did not place much weight on the poor performance of

Mor 24 and five 24 which caused the significant differences found.

These two groups did have the longest retention intervals so it might

be argued that they forgot the most. However, the Control and

Experimental groups who had retention intervals of 33h both recalled

more than groups Mor 24 and Eve 24 (Control ■» 6.33j Experimental =»

6.5).

As it was apparent that sleep had little or no effect on meaning¬

ful material, I did not proceed and add more subjects to the Control

and Experimental groups as I had done in Experiment 2. There was

little point. The raw data for these two groups is given in Appendix

35 and the means and standard deviations in Appendix 36. No other
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statistical analysis vas carried out on these two groups.

This experiment was carried out by three testers. To check

whether there were any differences between testers I performed a

3x7 ANOVA (Testers x Groups). The full results are shown in

Appendix 37. This analysis showed that there was no difference between

testers. However, there was one significant interaction in Free

recall, Associative difficulty (F = 4.80, df « 12,21, P < 0,001).

Although the probability level is high, this result is probably

attributable to chance. The details of the means and standard dev¬

iations are given in Appendix 38. This result was meaningless. It

did not show any systematic variation between groups or testers.

However, it was necessary to perform this ANOVA in case the testers

had unwittingly been influencing the results.

The nonsense syllables which were placed in between the word3

suffered the opposite fate to the words. On average, only one out of

21 nonsense syllables vas recalled. The raw data, means add standard

deviations for groups are given in Appendix 39. This result only

showed that if you told students to ignore something, they didJ

Three subjects were dropped for rehearsing, and these subjects

were fairly evenly divided amongst the groups and testers (Eve 16 and

Control, Tester 2} Mor 24, Tester 3).

Discussion

Unlike Experiment 1 Releaming, Free recall, Paced recall and

Savings % were not found to exhibit an improvement after sleep, I

interpreted these results to mean that sleep did not benefit relearn-

ing or recall of my meaningful word list. When the list uas broken up
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and the recall scores for the three categories were examined, only-

Paced recall, Imagery showed significant differences between groups.

This result was difficult to interpret as most groups* recall was

nearly perfect and only Hor 24 and Bve 24 were significantly impaired.

Although this could be explained by these two groups having the

longest retention intervals amongst the seven groups, this was

unlikely because the subjects in the Control and Experimental groups,

who were to have been a group of subjects for another experiment and

who had a 33h retention interval, wero found to recall more. The

details can be found in Appendices 33 and 36,

When the seven groups were pooled into No Sleep and Sleep groups

only one variable, Paced recall, Associative difficulty proved to be

significant. Although the difference was in the expected direction

and although the level of significance was high (P < 0.001), as there

were so many other retention variables that proved insignificant,

little weight could be placed on this result.

In any event, had one of the categories of word been shown to

exhibit a definite sleep-offeet, then there would still be a diffic¬

ulty in explaining why only one category had shown an improvement after

sleep. In my thesis I suggest that improvement of retention may occur

through sleep's beneficial effect on the overall rate of protein syn¬

thesis. It might be expected that retention of all words should be

enhanced, not just some types. If differences between categories had

arisen then an explanation would have had to have been sought at a

different level, e.g. differing degrees of encoding between categories

or differing degrees of processing (Craik and Lockhart, 1972} SJysenck,

1973} Herriot, 1974} Lockhart and Craik, 1978),

An explanation was needed as to why sleep seemed to have
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affected nonsense syllables but not meaningful material. Fortunately,

many months after this experiment had been completed, Benson and

Feinberg (1977) published results of an experiment similar to mine but

using a list of 16 paired-associate, meaningful nouns. A Mor SD group

was not included. As their list was composed from the same source as

mine (Paivlo et al, 1968), it was possible to compare whether both

lists were of similar meaningfulness. I found that my list was

slightly less meaningful than Benson and Feinberg's (Benson and

Feinborg's mean = 7.01, standard deviation ® Q.ASj my mean = 6.31,

standard deviation » 0.59). Although the two lists differ slightly in

meaningfulness, I doubt whether this accounts for our differing

results.

There were 10 subjects in each group and learning took place

using the study-test method of paired-associate learning. Their

criterion was 12 out of 16 correct responses on a test trial. As far

as one car. compare paired-associate learning with serial anticipation

learning, it would mean that my list was slightly overleamt compared

to Benson and Feinberg's. Morning-learners were dismissed immediately

after learning their material, so again our two experiments differ as

my subjects were put into a relatively interference-free environment

after learning.

On recall, their subjects were first given a paced recall test

(the stimulus words were presented at the same rate as in learning and

the subjects had to recall the responses). This was followed by free

recall (the stimulus words were presented on a piece of paper and the

subjects were given an unlimited time in which to write down their

responses). Subjects then relearnt the list, but before they did this

they were given one study trial, which meant that both stimuli and



response pairs were shown together.

Benson and Feinberg used five retention measures: 1) Paced

loss, the number of correct responses on the last learning trial minus

the number of correct responses on the paced recall trial} 2) Percent

paced loss, the Paced loss score divided by the number of correct res¬

ponses on the last learning trial multiplied by 100; 3) Free loss, the

number correct on the last learning trial minus the number correct on

the free recall trial; 4) Relearning, the number correct on the first

relearning trial; and 5) Savings, the number correct on the first

relearning trial minus the number correct on the last learning trial.

Table 6.3 gives Benson and Feinberg*s Percent paced loss, Free

loss and Relearning scores. The number of correct responses of the

last learning trial is also given. I have not included the Paced loss

scores for two reasons. First, the pattern of results is almost iden¬

tical with the Percent paced loss measure. Second, the Percent paced

loss measure is better than the Paced loss measure because it takes

into account the number of correct responses on the last learning

trial. Although a criterion of 12 out of 16 was chosen, this does not

mean that all subjects must have learnt at least 14 responses by the

time learning stopped. I have not included Savings as this result may

be gained from the table by substracting the number correct in the

last learning trial from the relearning score.

The number of trials taken to reach criterion did not differ

significantly between groups and the overall mean was 4-.38 trials. In

other words, Benson and Feinberg's San Franciscan students found their

paired-associate list very easy to learn. These subjects also found

the list easy to relearn as most relearnt the list in one trial. As a

ceiling effect was observed, Benson and Feinberg used the unusual
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Mor 8 tor 16 Mor 24 Eve 8 Eve 16 Eve 24

Number correct last
learning trial

13.00 12.70 13.40 13.60 12.70 13.00
(1.16) (1.34) (0.97) (1.27) (0.68) (1.05)

Percent paced loss -39.80 -24.50 -28.80 -9.10 -13.90 -16.60
(16.65) (15.22) (8.68) (13.63) (10.20) (14.59)

Free loss -3.20 -1.80 -3.00 +0.30 -1.00 -0.70
(1.99) (2.04) (1.76) (1.57) (1.05) (1.77)

Relearning 13.10 12.80 14.30 14.10 14.70 14.90
(2.08) (2.30) (1.42) (1.66) (0.68) (0.88)

Table 6.3 Benson and Feinberg (1977). Retention means and Standard
deviations (in parentheses)

releaming measure of talcing the number of correct items in the first

relearning trial instead of taking the more usual number of trials

taken to reach criterion.

The only comparison that was significant in relearning (or

savings) was between Eve 16 and Kor 16, the group which had slept

(Eve 16) being superior. This conforms with the experiments cited in

Chapter 4 (apart from McGaugh and Hostetter), as well as my results in

Chapter 5} and most results in Experiment 3, although not significant,

reflect the superiority of Eve 16 over Mor 16. It is notable that

Mor 24 in Benson and Feinberg's experiment is numerically superior to

both Mor 8 and Mor 16 but, because of the nature of their experiment

in which subjects studied the stimulus and response terms before embar¬

king on recall in the first relearning-te3t trial, it i3 possible that

the apparent superiority of tor 24 may be dependent on good immediate

memory.

The Free loss measure had two statistically significant findings:

tor 8 < Eve 8} and Mor 24 < Eve 24. The former comparison really
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seems to be the most reliable result in sleep and memory research.

The latter comparison is at odds with most of the work cited in

Chapter 4 and with my own results. The most comparable experiments

are those of Ekstrand (1975)> and although he found a significant

difference between Mor 24 and Eve 24 on one occasion, he could not

replicate this result on three subsequent occasions, Qcstrand assumed

that the first significant result must have been due to a chance

variation. 1 am inclined to assume the same explanation for Benson

and Feinberg's (1977) result.

Both the Percent paced loss and Paced loss scores produced

similar significant comparisons: Mor 8 < Eve 8; Mor 24 < Eve 24; and

Mor 8 < Mor 16. I have dealt with the first two comparisons in the

above paragraph. Mor 16 was found to recall significantly more than

Mor 8. This is one surprising finding in Benson and Feinberg's

experiment. Equally surprising was the fact that Mor 24 was not

reported to be superior to Mor 8. Significance levels were not

reported but, judging from the means and standard deviations (note
the small standard deviation in the Mor 24 group), I suspect that if

the difference was not significant it may have been near significance.

However, as these authors do not report Mor 24 to be significantly

better than Mor 8, then they have not confirmed their earlier findings

with nonsense syllables.

I cannot agree with their interpretation of the paired-associate

experiment. They suggest that as Mor 16 is superior to Mor 8 with

meaningful material, then the improvement of Mor 24 over Mor 8 in

their original experiment with nonsense syllables must have occurred

16h after learning. Experiment 1 clearly indicates that Mor 16 is not

superior to Mor £» and further, it is inferior to Mor 24. Experiments
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1 and 2 taken together Indicate that sleep is the sole explanation for

the improved performance of Mor 24. over Mor 8 and Mor 16. Experiment

3, although lacking significant differences between groups,does

indicate that it is difficult to establish a sleep effect in the Mor 24.

group vsing meaningful material.

If any significance can be attached to the results in Experiment

3, then it is noteworthy that the pattern of results in Paced recall

(total) for the morning-learners Is similar to Benson and Feinberg's

(1977). Mor 16 is superior to Mor 8 and Mor 24- is only slightly

inferior to Mor 16. Perhaps, if I had used a larger sample size, of a

list filled with words that had high ratings in Associative difficulty,

the differences might have been significant. In any event, it is also

notable that Mor SD is inferior to both Mor 16 and Mor 24.. Had

Benson and Feinberg used a sleep-deprived group, they might have found

that sleep-deprivation impaired recall. This would have reduced the

significance of their Mor 8 and Mor 16 comparisons to the epiphenomenon

which I suspect it might be.

I mentioned in the previous chapter that there is some evidence

to indicate that high arousal at recall may improve recall performance.

It is possible that this is what is happening with the Mor 16 group

who recall in the evening and whose arousal level could be assumed to

be high. However, on these grounds one might expect their Eye 24.

group, who recall in the evening, to be the best group amongst the

evening-learners, This does not happen but, as performance is very

good amongst the evening-learners, there might be a ceiling effect

present which would prevent a significant improvement,

Benson and Feinberg (1977) stretch their data too far in sugges¬

ting that Mor 16*s superiority over Mor 8 is caused by consolidation.



- 200 -

In the same way, they go too far in suggesting that the improvement

found with meaningful material is the same as the improvement they

found with nonsense syllables.

One question remains to be answered with Benson and Feinberg*s

(1977) data. Although I am not happy with the difference between

Mor 8 and Mor 16, there does seem to be a general improvement in the

morning-learner's retention over the 24h period. If this is a

reliable trend then it may be explained if consolidation takes a long

time. Protein synthesis occurs all the time (although in wakefulness

not at the accelerated rate that may be expected during sleep). On

that basi3 one might expect a gradual improvement in recall during

the day. If an explanation on these grounds is accepted, then that

leaves a question that both my experiment and Benson and Feinberg's

(1977) raises: why did our Mor 24 groups prove not to be superior to

our Mor 8 groups, when during sleep one would expect enhanced protein

synthesis? My experiment also raises the question: why did Mor 16

prove not to be superior to Mor 8? In ny experiment, one possible

answer is that consolidation of the meaningful list had occurred

fairly rapidly. Mor 8 may well have consolidated the list before they

were tested and so there would be no reason to expect differences

between the morning groups. If consolidation took place within a few

hours, then if REM is important for memory (as opposed to sleep as a

whole), then very little REM would have occurred during the period of

consolidation and hence the evening-learners did not differ too much

from the morning-loarners.

With regards to Benson and Feinberg (1977), their material may

have been consolidated between 8 and 16h after learning and hence the

improvement of Mor 16 over Mor 8. For their evening-learners, consol-



- 201 -

idation would be taking place during sleep and hence these groups

appear superior to the morning-learner groups.

The difficulty with accepting this explanation is that I am

proposing consolidation times that vary from about 24h for nonsense

syllables, 16h for paired-associate lists, and under 8h for a list of

meaningful words. However, Chapter 3 pointed out that there is at

present no accepted consolidation time, so my proposal cannot be

rejected outright.

Intuitively, it is easy to imagine a list of nor,sense syllables

being easier to learn than a list of paired-associates, that are them¬

selves easier to learn than a list of meaningful words. Unfortunately,

in these experiments this does not seem the cases Experiment 1, over¬

all Initial learning mean = 26.43 trials? Experiment 3, overall

Initial learning mean ■ 17.00 trials; and Benson and Feinberg (1977)

overall Initial learning mean » 4.38 trials. However, the number of

trials to criterion may not be the best measure of learning diffic¬

ulty; the time it actually takes to learn the material may be better

(Simon, 1974)* Sadly, the three experiments do not differ systematic¬

ally in this respecti Experiment 1, time to learn, approximately 25

minutes; Experiment 3, 26 minutes; and Benson and Feinberg (1977), less

than 20 minutes.

It is a pity that there is no apparent connection between the two

learning measures and the postulated consolidation rates. If there had

been, then it would have been easy to speculate, in terms of messenger-

RNA (m-RNA). It would have been possible to suggest that nonsense

syllables which were difficult to learn caused subjects to produce more

m-RNA than paired-associates and, similarly, and in turn a word list.

Then, assuming the time it takes to translate the m-RNA to protein was



- 202 -

the same during wakefulness and increased during sleep, all the

results would fall into place. As this is not the case, then one can

only speculate as to what really happens, I will not try to speculate

as the gap between the biological substrate of memory and the psycho¬

logical measurement of memory is too wide,

I can only point to the results and say that there are indicat¬

ions, albeit weak ones, that the consolidation rates of nonsense

syllables, meaningful peired-associates and a list of words appear to

differ widely.

Finally, although Experiment 3 produced few significant results,

it does provide evidence in a negative way. As serial order learning

was used in both Experiment 1 and 3» and as Experiment 1 showed sleep

to be important whereas Experiment 3 did not, this may mean that sleep

does not just affect serial order.

Conclusions

Sleep does not invariably benefit the retention of a word list.

It was proposed that the difference between Experiment 1 and

Experiment 3 arose because nonsense syllables take longer to consoli¬

date than words. However, no clear reason as to why this might occur

can be given.

Benson and Feinberg (1977) were criticized for suggesting that

their results with a paired-associate list were comparable with non-

Ber>se syllables.

To end on a practical note, the results so far suggest that a

student revising for exams should sleep before the exams, if he has

not kept up with his subject during the term and finds it meaningless,
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but does not necessarily have to sleep if he worked through the tern

and finds his subject meaningful. The only caveat is, that if he

does not sleep before his exams, his concentration may be impaired

and consequently he may misunderstand the examination questional
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CHAPTER 7

SLEEP AND NONSENSE SYLLABLES (EXPERIMENTS A AND 5)

Introduction

This chapter describes experiments which were designed to shown

how much sleep was needed to cause the improvement in memory found in

the Mor 24 group in Experiment 1.

Initially I had thought I would try to demonstrate that REM

sleep was important by simply REM-depriving one group and comparing

this group with one that had slept. The design I had in mind is

shown in Diagram 7.1.

Group Design

REM-Dep
Mor 24
Mor SD

Learn 0800h ), REM-deprive > Retention test OBOOh
Learn 0800h » Sleep > Retention test OBOOh
Learn 0800h £ Sleep-deprive > Retention test 0800h

Diagram 7.1 Initial design for showing the importance of REM sleep on
memory

I started this experiment by REM-depriving two subjects on one

night and abandoned the experiment by the end of the night. Although

I knew it was difficult to REM-deprive subjects because of the con¬

tinual re-appearance of REM towards the end of the night, I was sur¬

prised by the intensity of the effect. Subjects in the REM-deprived

group would have had considerably less sleep than those in the sleep

group. Had the REM-deprived subjects been inferior to sleep subjects

on retention tests, I would not have known whether this was due to

REM-deprivation or reduction in total sleep time.
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Instead of REM-depriving subjects I decided to allow subjects to

sleep for a short time and the design shown in Diagram 7.2 evolved.

Group Design

lst-REM

Mor 17

Mor 24

Learn 0800h A Sleep to end of ^ Retention test
first REM period 0100-02Q0h

Learn 08Q0h ^ Retention test OlDOh
Learn Q800h ^ Sleep ^ Retention test 0800h

Diagram 7.2 Experiment 4« Design

In retrospect the design is not a particularly good one, but at

the time there were some points in its favour. Although it was not

the main purpose of the experiment, the comparison between Mor 17 and

Mor 24 gave an approximate replication of the comparison between

Mor 16 and Mor 24 in Experiment 1. If Slow Wave Sleep (SWS) and the

small amount of REM found in approximately the first hour or so of

sleep was important, then the lst-REMP group should perform signif¬

icantly better than the Mor 17 group. If more than approximately lh's

sleep is required to confer a benefit, then the lst-REMP group would

be performing the memory tasks at roughly the same time as the lst-REMP

group.

Method

Subjects

Subjects were gained by putting up advertisements in strategic

locations around the University. The advertisement was vaguely worded

and just asked for volunteers to take part in sleep research experi-
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ments. The volunteers contacted re, whereupon I gave them a rough

idea of the times they would be needed. The volunteers were then sent

a questionnaire which will be found in Appendix 4-0. Apart from getting

subjects through advertisements, I also endeavoured to get subjects by

word of mouth. It has been observed that a subject population gained

through advertising may differ, in various personality traints, from a

population gained by other means (Rosenthal, 1965, Rosenthal and

Rosnow, 1969). By gaining volunteers through ex-subjects (who were

told not to discuss experimental details with anyone) I hoped to main¬

tain a reasonable balance of the subjects in my experiments.

The vetting questionnaire, apart from getting basic details about

the subject, enquired about their sleep behaviour. Essentially, sub¬

jects who suffered from insomnia or any other sleep disturbance were

excluded from my experiments as this would interfere with the purpose

of the experiments. I did not want to have subjects who were supposed

to be sleeping, lying awake in bed all night. I also did not want

subjects to be taking any drug that might remotely affect either sleep

or memory.

The only question in the questionnaire related to the memory was

the one which asked for the native language of the volunteer. Subjects

whose native language was not English were excluded from the experi¬

ment, as it was likely that they might spend longer battling with the

nonsense syllables and thus bias Initial learning scores.

There were six subjects in each group.

General procedure

I tested subjects from the lst-RMP group one at a time as it

was difficult to monitor and awaken accurately two subjects at the end
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of their first REM period. For the Mor 24 and Kor 17 groups, I could

only manage to deal with two subjects on any one day. The experiment

was conducted intermittently throughout May and June 1976. Two sub¬

jects were first taken from the lst-REMF group, then Mor 24, then

Mor 17 and then back again to lst-REMP, and so on.

Subjects arrived at the Royal Edinburgh Hospital at approximately

0745h. The first subject was tested at approximately OSOOh and the

second subject at approximately 0830h.

Subjects who were not immediately involved in learning nonsense

syllables were given the research edition of Delhees and Cattail's
Clinical Analysis Questionnaire (CAQ). I never scored the results of

this questionnaire as its only purpose was to keep the subject

occupied. However, as far as the subject was concerned this was part

of the experiment. It was useful to have old copies of the research

edition as the words "Research Edition" were printed on the forms, and

helped mislead subjects as to the true purpose of my experiment. It

normally takes about three-quarters to one hour to finish the quest¬

ionnaire, When I had finished with the subject who had learnt the

nonsense syllables, the one who was filling in the CAQ was taken away

for testing. Both subjects were told that they would complete the

questionnaire on their second visit.

The instructions given to the subjects for learning the nonsense

syllables were the same as in Experiment 1 and aire given in Appendix

I tried to keep conditions at the time of learning in this experiment

the same as in all others. Testing was carried out in a different

room from the one where the questionnaire was being filled out.

After subjects had learnt the nonsense syllables and had been

misled about never seeing them again, they were given a vigilance task
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to do. This was better than jig-saws, in an administrative sense, as

once the subjects were plugged in I could leave them. This was nec¬

essary because when I was administering the nonsense list to the

second subject of a pair, I did not want to leave the first subject to

reflect upon the list or to give them the CAQ which might interfere

willi the memoiy of the nonsense syllables.

The parameters I used in the vigilance task were different from

those used in another experiment I performed which looked at the

effects of two hypnotics on human daytime performance (Oswald, Adam,

Borrow and Idzikowski, in press). In that experiment, subjects had to

listen to a 1,000 cycles per second tone which lasted for 500 msecs.

This sounds like a 'bleep'. These 'bleeps' were delivered at a rate

of one every two seconds. Occasionally, one of the 'bleeps' was

100 msecs. shorter than the others and this was the signal for subjects

to press a button. The 'bleeps' amplitude was 60 dB and they were

embedded in white noise which was set at a noise level of 80 dB. In

the hypnotics and dacjime performance 3tudy the subjects heard 1,800

bleeps in the lh they were attached to the machine, 4-0 of the 'bleeps'

were the randomly distributed target signals.

To keep my subjects fully occupied for lh after learning the

nonsense syllables I increased the 'bleep' presentation rate to one

every one second. Subjects were given feedback on their performance.

Whenever they correctly identified a target 'bleep' a red light lit

up immediately adjacent to the button they had to press. Further,

subjects had to watch a small display screen on which the numbers

0-9 would appear. The numbers were embedded in four different

colours: green, red, amber and black. A particular colour-number
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combination was chosen as a target, e.g. green-8, and the subject had

to press another button when the target appeared on the screen. There

were 4-0 targets randomly distributed in the hour (except that both

auditory and visual targets would not be presented simultaneously) and

the presentation rate was one per second. Feedback for correct iden¬

tification was given.

The advantage of giving this auditory-visual vigilance task was

that subjects had to concentrate on the task at hand and hopefully

would have little chance of reflecting on the nonsense syllable list.

I kept no record of the success at which subjects had on the

task but I did check to see how they did. Performance varied on the

auditory task but was invariably excellent on the visual task. Most

subjects identified the visual target correctly throughout the hour,

suggesting that they had been concentrating on the task.

The subject who learnt the nonsense list first and therefore

finished the vigilance task first, was given the CAQ to do while the

other subject completed the vigilance task. The interference-free

period was, therefore, reduced from 2h to lh. I did this as I sus¬

pected that the interference-free period was not too important.

However, as I was suggesting tha consolidation might not be completed

until sleep has occurred, then I should really have had an inter¬

ference-free period that lasted from the time of learning right up to

sleep onset. As this was impractical and rather than drop the inter¬

ference-free period altogether, I reduced it by half.

Mor 24 subjects were tested for retention as soon as they

arrived at the laboratory. After testing, subjects were paid. I then

checked whether they had rehearsed the material and told them not to

discuss the experiment with anyone.
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Mor 17 subjects were asked to arrive at the laboratory at

2300h. They were kept entertained up to the time of retention test¬

ing (between 0045h and 01l5h) by getting them to finish their CAQs,

and giving them a card-sorting task (Crossman, 1953), Raven's

Progressive Matrices, E^senck's Personality Inventory, the Mill Hill

Vocabulary Test, two Digit Symbol Substitution tests, and measuring

their critical cortical flicker frequency (CFF), OFF is a measure

that is taken to indicate the general level of cortical arousal

(Venables, 1963).

CFF was measured using an SLE clinical photic stimulator con¬

nected to a lamp with a ground glass front. The stimulator gave

readings ranging from 20 to 100 cycles per second. The flicker rate

was varied from its lower to its upper limit, or from its upper to its

lower limit, four times in each direction. When the flicker rate was

increased subjects were asked to say "now" at the first instant when

they no longer saw the light as flickering but saw it as one contin¬

uous (fused) light. V.hsn the flicker was decreased the subjects were

asked to indicate when they no longer saw a continuous light but a

flickering one. The mean of the four trials in each of the two con¬

ditions was taken and the CFF was calculated the following way:

Increasing c/s + Decreasing c/s
CFF -

2

After retention testing, checking for rehearsal and prohibiting

discussion, the subjects were dismissed from the experiment,

lst-REMP subjects were asked to arrive by 2130h. Electrodes
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were put on so that their sleep could be monitored. Silver-silver

chloride surface disc electrodes filled with electrode jelly were used

throughout for recording sleep. Nine electrodes were employed for

each recording. Seven of these were attached to the face by means of

Micropore tape covered by zinc oxide plaster. Scalp electrodes were

attached by using glue (which was soluble in acetone). The electrode

placements are shown in Figure 7.1.

The polygraph*s (Alvar Polaron) paper speed was set at 15mm per

second. The polygraph settings were:

#• BOG EEG EMG

Time constant 0.3 0.3 0.003
Filters 3.0 3.0 0.0
Gain 4.5 5.0 6.0

For "Gain", 5.0 represented a 10 mm deflection for every 100/tVolts.

One integer difference equalled a s/H step.

Subjects were usually in bed by 2215h. This was an early time

but it allowed subjects a long time to get to sleep. Subjects were

woken up at the end of their first REM period. The subject's elec¬

trodes were taken off and they were then allowed to dress and wash.

They then went through Ravens Progressive Matrices, Eysenck's Person¬

ality Inventory and the Card-sorting task. Their CFF was measured.

After these tasks, their retention was tested. As with the above

groups, the subjects were paid, checked for rehearsal, prohibited from

discussion and dismissed from the experiment. If subjects so wished,

they were allowed to get undressed and go back to bed for the remain¬

der of the night.

Other than the nonsense material, no other data was analysed as

the purpose of the other tasks had been only to fill in time and to
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Figure 7.1 Electrode placements for polygraphic recording of sleep
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mislead the subjects about the true nature of the experiment.

The nonsense syllables were the same as in Experiment 1.

The predictions were not as clear cut as in previous experi¬

ments. It was easy enough to predict that Mor 24 would be superior to

Mor 17 but it was not so easy to predict what would happen with the

lst-EEMP group. If sleep up to the end of the 1st REMP was beneficial,

then lst-REMP should be superior to Mor 17. The lst-REMP vs Mor 24

comparison is awkward. I assumed that more sleep would be better than

a little sleep but I could not be sure. As there was uncertainty, I

had to use two-tailed tests for all comparisons other than Mor 17 vs

Mor 24.

Results

The raw data will be found in Appendix 41» and the mean3 and

standard deviations in Table 7.1 below.

lst-REMP Mor 17 Mor 24

Initial

learning
25.83
(8.70)

31.17
(9.43)

33.83
(6.24)

Relearning 5.17
(1.17)

7.33
(3.67)

4.17
(0.98)

Free
recall

8.33
(1.79)

8.00
(2.28)

9.33
(0.82)

Paced
recall

7.17
(0.75)

6.50
(2.67)

8.50
(1.23)

Savings % 78.65
(6.93)

76.10
(9.86)

87.33
(3.75)

Table 7.1 Experiment 4. Means and standard
deviations (in parentheses)
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One-way ANOVA's showed no significant differences between groups

in Initial learning (F =1.46, df » 2,15, P >0.1)» Releaming

(F » 2.99, df » 2,15, P > 0.05), Free recall (F - 0.89, df - 2,15,

P >0.1), and Paced recall (F « 2.04, df » 2,15, P >0.1). Groups did

differ significantly between themselves on the Savings % measure

(F » 3.91, df = 2,15» P < 0.043). Details of the ANOVA's are given in

Appendices 43 and 44.

OFF did not differ between groups Mor 17 and lst-REMP (t = 0.16,

df ■ 7.4» P > 0.8). Details are in Appendix 42.

Mor 24 saved more than Mor 17 (t ■ 2.61, df = 6.4» P < 0.019,

one-tailed) and also more than lst-REMP (t 3 2.70, df « 7.7, P < 0.028,

two-tailed). There was no significant difference between groups Mor 17

and lst-REMP (t « 0.52, df » 9.0, P > 0.1, two-tailed). The comparison

between Mor 17 and Mor 24 was similar to the comparison performed in

Experiment 1 with Mor 16 and Mor 24 and confirmed the observation

found in Experiment 1. lst-REMP had a poorer Savings % score compared

to Mor 24 and a similar Savings % score compared to Mor 17, suggesting

that sleep up to the first REM period was not sufficient to confer the

improvement found in Mor 24. However, it was possible that either

subjects woken out of the first REM period were not sufficiently awake

to perform the relearning task properly, or they were stiffering from a

circadian dip in performance. The latter suggestion is unlikely in

the light of the results of Experiment 1. If circadian variation in

relearning performance does occur on evidence was found in Experiment 1

to suggest this, and further, Experiment 1 demonstrated that in an

8 - 24h retention interval, sleep was the most important intervening

variable affecting retention scores.

It was difficult to discount the possibility that the lst-REMP
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group was not sufficiently awake at the time of testing. Chapter 4

has cited evidence which shows that some sleep before learning may not

affect learning but will be detrimental to eventual recall. There was

no evidence to suggest that relearning or recall performance (of

material learnt the day before) is impaired after awakening from sleep

during the night. However, the possibility remained.

The Free recall scores did not differ significantly between

groups. This was to be expected as no difference between Mor 16 and

Mor 24. was found in Experiment 1. The Paced recall scores did not

differ either. This was disconcerting. However, Mor 17 vs Mor 24

was not far short of being significantly different (t « 1.67, df «

7.0, P < 0.07). This was also true for lst-REMP vs Mor 24 (t - 2.27,

df ■ 8.3, P < 0.052). This showed that Paced recall may not be as a

reliable an indicator of the effect sleep has on retention as

Savings %• There was slightly greater variability in the Paced recall

scores of Mor 17 compared to Mor 16 (Experiment 1) which could have

caused the drop in probability.

If the lst-REMP group was not suffering a performance decrement,

this experiment indicated that approximately 37 minutes SWS or 7

minutes REM was not sufficient sleep to confer an improvement in

retention. The details of sleep data are given in Appendix 45» and of

comparisons between groups in Appendix 46.

As I could not discount the possibility that lst-REMP subjects

were performing poorly on retention tests because they had been given

insufficient time to wake up, I needed to conduct another experiment.
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Expepipent 5

Introduction

Experiment 4- confirmed the superiority of Mor 24. over Mor 16 in

Experiment 1. It also indicated that sleep up to the end of the first

REM period might not be beneficial to memory. The two main problems

with interpreting the results of the experiment were caused by the

lst-REMP subjects recalling at about 0130h, The experiment may have

been confounded either by time of day effects of possibly by the sub¬

jects not being fully awake at the time of recall and releaming.

Experiment 5 was designed to clear up the confusion and to

determine how much sleep was important. The design of Experiment 5 is

shown in Diagram 7.3.

Group Design

Slp-Dep

lh - Sip

3h - Sip

6h - Sip

Learn OSOOh \ Sleep-deprive > Retention tests
OSOOh

Learn OSOOh ^ Sleep until the ) Retention tests
beginning of the first OSOOh

REM period
Learn OSOOh ^ Sleep until the ^ Retention tests

end of the second OSOOh
REM period

Learn OSOOh \ Sleep until the \ Retention tests
end of the third OSOOh

REM period

Diagram 7.3 Experiment 5, Design

The design in Diagram 7.3 has the advantage that there can be no time

of day effects. It is essentially a titration experiment.
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Method

Subjects were gained through advertl3inents and vord-of-mouth

connections. Generally, the same procedures used in Experiments 1 and

4- were used in this experiment. However, there were some important

differences.

The experiment was conducted in November 1977. I tested two

subjects at a time from each group. I was able to test two subjects

simultaneously because, by the time this experiment was conducted, I

had become accustomed to analysing sleep as it was being recorded, in

Experiment U I was less experienced and it was dangerous, at the time,

to attempt to monitor two subjects simultaneously.

In this experiment, when a subject slept up to the criteria

mentioned in the design (Diagram 7.3)# they were woken up. This was

achieved by switching the room lights on, walking into the room and

gently calling the subject*s name. Subjects would generally be in

either Stage 1 or Stage 2 sleep, so it was easy to awaken them. Sub¬

jects, before they went to bed, were told to talk quietly when they

were woken up in case they wakened their partners who might be sleep¬

ing in an adjacent room. The subject who was awoken first was allowed

to stay in bed until his partner was woken. This was necessaiy as the

noise of one subject getting up might wake up or disturb the sleep of

the other subject. The subject who reached the criterion first

remained connected to the EEG machine so that I could continue to

monitor him in case he feel back to sleep. This procedure was absol¬

utely necessary as the likelihood of going back to sleep was high. The

subjects were encouraged to read to keep them awake. This made it

particularly easy to monitor their state, as their EOG clearly showed
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the saccadic movements of their eyes and their EEG was clearly one of

■wakefulness. Subjects who tried to fall back to sleep would read

intermittently, and then gradually their eyes would slowly and gently

start rolling back and forth. At this point, I would remind than

that they were supposed to be trying to keep awake. The longest

interval between the awakening of the first and subject was 25 minutes.

When both subjects had been awakened, I took their electrodes

off. The subjects got dressed and I took them from the North Wing

(where they had slept) to the Common Room in the Psychiatry Depart¬

ment* s building. As this involved a walk in the night air, the sub¬

jects were fully awake when we settled down for the night's vigil.

The subjects were kept awake in the same way as the Mor SD groups and

Experimental group in Experiment 1, 3 and 2, respectively. This

meant that subjects in the lh-Slp group were awake lor about 7h, the

3h-Slp group for about 5h and the 6h-Slp group for about 2h.

The same nonsense syllables used in Experiment 1 were used in

this experiment except that there were three lists. One was the

original and the other two were randomized versions (Appendix 47 ). I
used three lists as I wanted to reduce the possibility that what I had

observed in previous experiments was not just a peculiarity of one

list.

Also, I reduced the interference-free period to half-an-hour.

This was filled using the auditory-visual vigilance task described in

Experiment 3. Subjects were also given three extra tasks: the Mill

Hill Vocabulary Test, Jumbled Sentences and the Egulac story

(Bartlett, 1954-)# Unkovvn to the subjects, I had introduced these

tasks to see whether sleep might affect the retention of words learnt

incidentally, at a time when one might expect a high degree of proces-
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sing. Hyde and Jenkins (1969) first showed that Incidental learning

which required words to be used as semantic units (e.g. rating the

word as to its pleasantness) would produce recall results similar to

a group that had rote-learnt the words. I was not Interested in making

their type of comparison. Insteei, I was interested in the effects

of varying amounts of sleep on recall. It seemed to me that doing
*the Mill Hill Vocabulary Test (Appendixes ) would involve some seman¬

tic processing as it is necessary for subjects to define the words in

the list. Of course, if the subjects did not know a word, then presum¬

ably there would be little or no semantic processing. The subjects

were given the test to do after they had done the auditory-visual

vigilance task. They were allowed five minutes. It did not matter

whether the subjects answered correctly or not, as long as there was

some objective indication that they had thought about the words. As

there would be a difference between the subject*s ability to define

the words, the retention score would have to take account of this

variation. The score I U3ed was percentage loss. This was calculated

in a similar way to the Savings % score:

Original number of
_ Number of words

words answered ~ recalled

x 100

Original number of
words answered

The subjects were given eight jumbled sentences which had to be

sorted out into their original form. It is easy to produce simple but

meaningless sentences. If the original sentences are:

1) The cat sat on the mat.
2) The audience listened to the orchestra.



then by just switching the verbs around, the following unlikely sen¬

tences are producedI

1) The cat listened to the mat,
2) The audience sat on the orchestra,

^ ' "-'V'' 1 ^
The original sentences used are given in Appendix 49 , Appendix

C~C>

also shows the way the sentences are divided. Appendix 50 shows the

Jumbled sentences which were used in this experiment.

The subjects were allowed five minutes in which to sort out the

jumbled sentences back into their original forms, I was not interested

in how well the subjects did in their sorting, only the number of

words that were written down. The retention score was again worked

out in a similar way as the Savings % score. This percentage loss

score equated subjects for the number of words they originally wrote

down:

Number of words
__ Number of words

sorted "* recalled

Number of words
sorted

100

Subjects were first asked to recall the sorted sentences and then the

original sentences.

Finally, subjects listened to Bartiett'a "Egulac" (1954.) story

over a pair of headphones. The subjects were told that the task was

something to do with concentration. The Egulac story was divided into

roughly four equal parts. The subjects heard the first quarter

through one ear (either left or right), then the second quarter through

the other ear, the third quarter through the first ear, and the last

section through the second ear. While the first quarter of the story
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was being played into one ear, Bartlett's "Air-raid on the East

Coast" was being played, at the same amplitude, into the other ear.

When the Egulac stoiy switched ears, so did the Air-raid story.

The subjects were told to follow the Egulac story and were

warned that it would switch from ear to ear. They were asked to

follow the story out aloud and were shown the tape-recorder which

would monitor their attempts. This tape-recorder also allowed me to

check whether they had followed the correct story. Half the subjects

heard the beginning of the Egulac story in the right ear and the other

half heard the beginning of the story in the left ear. All subjects

succeeded in following the Egulac story. Recall was measured by the

number of correct answeres given to a set of 20 questions about the

story (Appendix 51).

The important difficulty with all the word material incidently

learnt in this experiment was that the degree of original learning

was not known. As there was no reason to suspect that groups should

differ significantly between themselves, I did not run any control

groups to determine what the original degree of learning was. In any

case, I introduced this new material more in the way of a pilot study

than a fully-fledged experiment.

Retention of the Mill Hill Vocabulary words, Jumbled sentences

and the Egulac story was tested after the recall and relearning of

the nonsense syllables. Five minutes was allowed for each test which

was more than ample time. For the Jumbled sentences, subjects were

a3ked first to recall the sorted-out sentence, i.e. the sentence

they actually wrote down, and then the original meaningless sentence.

No subjects admitted to rehearsing any of the material.
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Predictions and statistics

The design of this experiment should show how much sleep was

actually needed by subjects in the Mor 24- group in Experiment 1 to

confer on them the advantage they had over Mor SD. The predictions

were fairly straight forward:

1) If approximately 1 hour's sleep was important then
lh-Slp will be superior to Slp-Dep
3h-Slp will be superior to Slp-Dep
6h-Slp will be superior to Slp-Dep

2) If approximately 3 hour's sleep was important then,
Ih-Slp will be no different to Slp-Dep
3h-Slp will be superior to Slp-Dep
6h-Slp will be superior to Slp-JDep

3) If approximately 6 how's sleep was important then,
lh-Slp will be no different to Slp-Dep
3h—Sip will be no different to Slp-Dep
6h-Slp will be superior to Slp-Dep.

As the above sets of predictions show, I have defined the dir¬

ection of the differences. However, I have not consistently predic¬

ted differences between groups. For example, the prediction in set

1) shows 3h-Slp will be superior to Slp-Dep, whereas in set 3)» the

prediction is that there will be no difference between 3h-Slp and

Slp-Dep. I was therefore not justified in using one-tailed tests in

any comparison other than in 6h-Slp vs Slp-Dep. This last comparison

was consistently predicted and in any case is similar to Mor 24- vs

Mor SD in Experiment 1 (although 6h-31p would be receiving about 2h
J

less sleep than Mor 24-).
The design of this experiment was primarily aimed at answering

simply, how much sleep was necessary to change performance on reten¬

tion tests. The design, however, also had potential in showing what

components of sleep (SMS vs RSM) were important. This was why the
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lh-Slp group were being woken before the onset of REM. Should lh-Slp

prove superior to Sip-Dap, then this would show that SWS may have

some importance. It would not necessarily mean that REM was not imp¬

ortant. If 6h-Slp or 3hfSlp (both of which should contain REM) were

superior to lh-Slp, then this might indicate that REM was important.

Therefore, there were two more planned comparisons, 6h-Slp vs lh-Slp

and 3h-Slp vs Ih-Slp. Finally, because there tends to be more REM

towards the end of the night than at the beginning, it was likely that

6h-Slp would have more REM than 3b—Sip. If REM was important, then

6h-Slp should be superior to REM, So my last planned comparison was

6h-Slp vs 3h-Slp.

The choice of statistics was awkward. As I mentioned in

Chapter 5, parametric statistics have a myriad of assumptions which

nonpararastric statistics do not have. I therefore prefer nonparamei-

ric statistics. Initially, when Experiment 1 was conducted, I had

been impressed by the potential of redundant statistics and I hope so

far to have shown that they may be quite useful. It was noted earlier

in this chapter that Experiment 5 was conducted in November 1977. By

this time, I had decided that although redundant statistics were

useful, they were tedious to calculate, and there was always the per¬

sistent problem of what to do when two tests did not confirm each

other. I decided, therefore, solely to use nonparametric statistics

for the overall and individual analysis of groups in this experiment.

However, the problem with using nonparametric statistics in this

situation was that there was no nonparametric equivalent of paramet¬

ric tests such as the q-test (Dixon and Massey, 1969), orTukey's test

(as det rtbed by Guilford, 1965) or the Newman-\euls procedure (des¬
cribed by Snedecor and Cochran, 1967). These latter tests seemed

\



• 224 -

particularly useful in situations where there vas uncertainly as to

the predictions and when multiple comparisons had to be made,

I decided to use the Kruskal-Wallis one-way ANOVA to determine

whether there were differences between groups. If this indicated

that there were differences then I would use the Mann-Whitney U-test

for individual comparisons. As there would be six possible compari¬

sons, it was possible that at least one might be significant at

P 0.05, by chance. Therefore, to safeguard myself against erron¬

eous rejection of the null hypothesis, I set my level at P < 0.01.

This meant that I would accept the null hypothesis, outright, for

comparisons that were P > Q.05» consider comparisons that fell

between P < 0.05 and P <. 0.015, and reject the null hypothesis for

P < 0.01.

All comparisons would be two-tailed except for 6h-Slp vs Slp-

Dep which would be one-tailed, as it is the one comparisons that has

a certain prediction.

I also planned to plot the results of the retention measures

against the SWS and RUM measures. As it would be useful to know what

the regression lines were like, these would be calculated and the

assumptions accepted. (For these analyses I would take ©f «* 0.05),
For the sleep data, I could predict that all groups would differ

in REM, SWS, NRSM and TST. Also, 6h-Slp would have more REM, SWS,

NREM and TST than 3h-Slp, Ih-Slp and 31p-Dep, and similarly 3h-Slp

would have more than lh-31p, etc. As differences between groups and

the direction of the difference were all predicted, one-tailed tests

could be used.
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Results

The raw data will be found in Appendix 52 and the means and

standard deviations for the memory data in Table 7.2 below.

Slp-Dep lb-Sip 3h-Slp 6h—Sip

Initial
learning

20.00
(6.29)

25.00
(10.75)

22.83
(6.71)

27.50
(7.56)

Releaming 8.00
(3.23)

6.83
(2.93)

5.33
(1.21) •. .js.o

Free
recall

6.50
(1.64)

6.67
(1.86)

5.67
(2.73)

8.50
(0.55)

Paced
recall

4.50
(2.07)

3.33
(1.51)

3.83
(2.40)

6.17
(1.17)

Savings % 59.21
(14.4-9)

71.65
(6.69)

75.02
(8.11)

83.51
(4.67)

Table 7.2 Experiment 5. Memory means and standard
deviations (in parentheses)

The ANOVA's showed no significant differences between groups on

Initial learning (H = 2.11, df « 3, P > 0.5), Relearning (H = 5.44-,

df - 3, P > 0.1) and Free recall (H ■ 7.28), df » 3, P > 0.05). Sig¬

nificant differences were found on Paced recall (H « 7.89, df » 3,

P < 0.05) and Savings % (H « 14.05, df = 3, P < 0.003).

For Savings %, no significant differences were found either

between Slp-Dep and ih-Slp (U = 8, P > 0,1) or Slp-Dep and 3h-Slp

(U * 3, P > 0.01). A significant difference was found between Slp-Dep

and 6h-Slp (U = 0, P < 0.004» one-tailed). The difference between

Slp-Dep and 3h-Slp was close to being significant (P < 0.016). These

results indicate that somewhere between 3 and 6h sleep was all the

sleep that was necessary for the improvement found inMor 24 in
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Experiment 1.

For Paced recall, no significant differences were found between

Slp-Dep vs lh-Slp (U 10, P > 0.1) or Slp -Dep V3 3h-Slp (U = 14,

P >0.1). Surprisingly, there was no difference between Slp-Dep and

6h-Slp (U = 9, P < 0.078, one-tailed). These results indicated that

for Itor 24, in Experiment 1, more than 6h sleep was necessary for the

improvement found in this group when compared to Mor SD.

Before trying to discen what components of sleep were import¬

ant, it was necessary to analyse the sleep data. The raw sleep data
?i rv

will be found in Appendices 53 and 54 t and the means and standard

deviations are shown in Table 7.3.

Slp-Dep lh-Slp 3h-Slp 6h-Slp

Rm
(in minutes)

0.00 0.89 28.00 70.94
(0.00) (2.18) (8.88) (16.57)

SWS
(in minutes)

0.00 42.44- 73.00 99.78
(0.00) (8.82) (20.07) (28.41)

NREM
(in minutes)

0.00 73.50 157.33 272.83
(0.00) (12.03) (22.04) (29.35)

TST
(in minutes)

0.00 74.39 185.33 343.78
(0.00) (11.67) (20.76) (38.83)

Table 7.3 Experiment 5. Sleep means and standard deviations
(in parentheses)

rr
Details of the ANOVA's are given in Appendix 55. Comparisons

rr
between groups are also given in Appendix 55. All comparisons proved

significant except for one marginal case which was 6h-Slp vs 3h-Slp.

6h-Slp had more SWS than 3h-Slp but the probability level was higher

than in other comparisons (U = 6, P < 0 .03).

To judge what components of sleep affected Savings %t it is
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best to consider Table 7.4» below. Details of the U-tests on Savings

% are given in Appendix 56.

Comparison Difference in minutes Probability

lh-Slp vs Slp-Dep 42 minutes SWS + 1 minute REM 0.110
3h-Slp vs Slp-Dep 73 minutes SWS + 28 minutes REM 0.020
6h-Slp vs Slp-Dep 100 minutes SWS + 71 minutes REM 0.004
3h-Slp vs lh-Slp 31 minutes SWS + 27 minutes REM 0.470
6h-Slp vs lh-Slp 58 minutes SWS + 70 minutes REM 0.010
3h-Slp vs 6h-Slp 27 minutes SWS + 43 minutes REM 0.037

Table 7.4 Experiment 5. Sleep time differences (in minutes) between
groups and the effect on Savings %, The probability-
values indicate the significance of the difference found
in Savings %,

There are two possible ways of interpreting the results shown in

Table 7.4. They may be interpreted conservatively, and by that I

mean, the level of significance should be held strictly at P < O.Olj or

they may be interpreted liberally, and by that I mean, the level of

significance could be held at P < 0.05.

Strictly, the results show that 100 minutes of SWS and 71

minutes of REM are better than no sleep at all, in that that amount of

sleep will cause an increase in Savings The 6h-Slp vs lh-Slp

comparison indicates that in fact only 58 minutes SWS and 70 minutes

REM might be needed. If the 3h-Slp vs Slp-Dep comparison is again

considered, it will be noted that 73 minutes SWS and 28 minutes REM

was ineffectual in changing Savings %. This suggests that the 58 min¬

utes SWS, in the 6h-Slp V3 lh-Slp comparison, is not important but the

70 minutes REM might be important. This Indicates that an improvement

may occur when between 28 minutes and 70 minutes REM has taken place.

If the 3h-Slp vs 6h-Slp comparison is looked at, it will be seen that
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27 minutes SWS had no effect (and this is now not surprising) but

neither did the 43 minutes REM. This suggests that for this partic¬

ular experiment, sometime between 43 minutes and 70 minutes REM is

important before significant improvement in Savings % will occur.

These results might also be taken to suggest that REM is more impor¬

tant for Savings % than SWS.

If these results are considered more liberally, a slightly dif¬

ferent picture emerges. By taking any probability below 0.05, the

3h-Slp vs Slp-Dep comparison indicates that 73 minutes SWS and 28 min¬

utes REM are important for improvement in Savings %. However, the

lh-Slp vs Slp-Dep comparison indicates that 42 minutes SWS + 1 minute

REM is not important. If 42 minutes SWS does not increase Savings %,

then the 27 minutes SWS, in the 3h-Slp vs 6h-Slp comparison, could not

have been useful but the 43 minutes REM must have been. Now, if the

3h-Slp vs lh-Slp comparison is considered, this shows that neither 31

minutes SWS is useful (not surprising) nor is the 27 minutes REM. If

27 minutes REM is not important, then if the 3h-Slp vs Slp-Dep com¬

parison is again considered, this shows that the 73 minutes SWS was

important. Overall, the results suggest that between 42 and 73 min¬

utes SWS can induce differences in Savings % and so can REM (between

27 and 43 minutes). Thus, if the restilts are considered liberally,

both SWS and REM have a role in inducing changes in Savings %.

Figures 7.2 and 7.3 show Savings % plotted against REM or SWS.

These graphs include the line of regression, the regression equation

and the Spearman rank correlation coefficients. I included the regres¬

sion equations because they tell an interesting story. The regression

coefficients are significant but should be interpreted with utmost

caution. The kurtosis value for .Savings % was found to equal 3.98;
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N ■ 24 REM (In minutes)

COR ■ .698 (P< 0.01)
REGRESSION UNE

Y * .25085 • X* 66.086

SD = Slp-Dep
1 = lh-Slp

Figure 7.2 Experiment 5. Savings %, REM 3 =6 = on—Sip

COR = .754 (P < 0.01)
REGRESSION LINE

Y - .19711 • X ♦ 61.741

Figure 7.3 Experiment 5. Savings %, SWS
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this meant that the distribution for Savings % had a heavier tail than

the normal distribution, thus violating one of the assumptions for the

regression analysis. However, it must be remembered that kurtosis is

itself not reliable with subject numbers of 24-. Bearing in mind that

the regression coefficients might be misleading, they do indicate that

if sleep does not occur then Savings % values of about 63% can be

expected. When either REM or SWS occur, improvements in Savings %

will occur. For what it is worth, the coefficients indicate that for

equal amounts of SWS and REM, REM will probably have the greater

effect.

Figures 7.A to 7.7 show both Paced and Free recall plotted

against REM and SWS. Again the regression lines and equations are

shown. The correlations are not significant but both REM and Paced

recall, and REM and Free recall are close to P <| 0.05. (judged from

Siegel, 1956). The graphs are interesting as they show REM looking

as if it was more closely related to recall scores than SWS. Cer¬

tainly the regression coefficients are significant for REM but not for

SWS.

I calculated the linear regression equation using both SWS and

REM on predictors, as follows1

Retention measure «* A x REM (in minutes) + B x SWS (in min¬
utes) + C. (A, B and C being the regression coefficients).

For Savings % a linear relationship could not be found that was

significant for coefficients A and B. This may have occurred because

of the awkward distribution of Savings %, or it may have occurred

because the relationship could not be expressed in a linear form. At
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1
SO

' SD

* 7F500 | 22". SO | 37.'50 | 52.'SO | Bf.M | 82*. 50 | 97.'50 [
0.000 15.00 30.00 45.00 80.00 75.00 90.00 105.0

N ■ 24 REM (In minutes)

COR = .410 (N.S.)
REGRESSION LINE

Y - .02890 • X ♦ 3.7371

Figure 7.4. Experiment 5. Paced Recall, REM

SD
1
3
6

Slp-Dep
lh-Slp
3h-Slp
6h-Slp

" " 24 SWS (in minutes)

COR - .216 (N.S.)
REGRESSION UNE

Figure 7.5 Experiment 5. Paced Recall, SWS
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COR = .437 (N.S.)
REGRESSION LINE

Y = .02744* X ♦ 6.1484

SD = Slp-Dep
1 = lh-Slp
3 = 3h-Slp

Figure 7.6 Experiment 5. Free Recall, REM 6 = 6h-Slp

i^TTTTTP
N - 24

COR = .375 (N.S.)

SWS (in minutes)

REGRESSION LINE

Y = .01381* X ♦ 6.0902

Figure 7.7 Experiment 5. Free Recall, SWS
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any rate, it Indicates that the relationship between REM and SWS and

Savings % may not be simple. The same was true for Free recall.

For Paced recall, coefficients A and C were significant

(P < 0.028, P < 0.001, respectively). The equation was:

Paced recall score ■ 0.04-5 x REM — 0.017 x SWS + 4*21.

The coefficient multiplied against SWS was not significant

although it is interesting to note it is negative. (Details of all
v .

regression analyses are in Appendix 57.)

I think, overall, the graphs show a reasonable relationship

between REM and retention measures and SWS and Savings %. If there is

a relationship between SWS and the recall measures, it is not too dis¬

tinct.

The graphs also supported the analysis I made of the results

just using the differences between groups on sleep and Savings %.

For Paced recall, I noted earlier that Slp-Dep vs 6h-Slp was not

significant and nor were any of the other sleep vs no sleep compari¬

sons. I also found that lh-Slp vs 3h-Slp was not significant (D = 16,

P > 0,8), or 3h-Slp vs 6h-Slp (U « 6, P > 0.06) but lh-Slp was sig¬

nificantly worse than 6h-Slp (U «■ 1, P < 0.003). The final comparison

accounted for the significant finding with the AN0VA. As the lh-Slp

vs 6h-Slp was the only significant result, and judging from Figures

7.4 and 7.5, the best interpretation to make would be that a substan¬

tial amount of sleep is necessary before improvement may be found on

Paced recall. Certainly it looks as SWS has little effect, although

REM is not all that much better.

The raw data for the Mill Hill Vocabulary Test (MHVT), the



jumbled sentences and the Prose passage will be found In Appendix 58.
There were no significant differences between groups in the Percentage

Loss scores of the MHVT (H = 4.72, df » 3> P > 0.2) or the number of

correct answers in the Prose questionnaire (H » 4.37, P > 0.2). No

subjects attempted recall of the sentences in their original form.

However, all the subjects attempted to recall the sorted sentences.

There were significant differences intthe Percentage Loss scores

(H » 8.11, df « 3, P < 0.04), The means and standard deviations are

shown in Table 7.5.

Slp-Dep Ih—Sip 3h-Slp 6h-Slp

MHVT, Percentage Loss 74.43
(19.25)

84.56
(5.67)

89.42
(6.78)

83.64
(8.15)

Prose 6.67
(3.67)

4.33
(2.73)

3.67
(3.33)

6.83
(3.66)

Jumbled sentence, original
number of words sorted

41.33
(10.76)

35.33
(19.73)

44.50
(15.31)

30.33
(10.03)

Jumbled sentence (sorted),
Percentage Loss

27.22
(11.56)

32.17
(19.95)

29.87
(18.65)

5.64
(13.73)

Table 7.5 Experiment 5» Meaningful material means and standard
deviations (in parentheses)

In much the same way as in Experiment 3* sleep had no effect on

the recall of words in the MHVT or the prose passage. The Jumbled

sentences did show a sleep effect on Percentage Loss, even though

there were no significant differences between groups in the number of

words originally sorted (H = 3.24, df » 3, P )> 0.4). The H test

showed Slp-Dep to differ significantly from 6h-Slp (U = 2, P < 0.01).

lh-Slp vs 6h-31p (U » 6, P < 0.045) and 3h-Slp vs 6h-Slp U = 4,
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P < 0.025) would have shown significant differences had the level of

significance been set at P < 0.05. % other comparisons were near

significant (details are in Appendix 59 ).

If the results with Jumbled sentences are treated liberally, in

the same way as I treated the nonsense syllable results, EM would

seem to be important. As the lh-Slp vs Slp-Dep comparison showed no

differences in loss, then 42 minutes SMS cannot be important. As the

3h-Slp vs 6b-51p comparison showed differences in loss, then the extra

23 minutes SWS, that the 6h-Slp group had, is unlikely to be important,

whereas the extra 42 minutes RM must have bean. However, with this

material, I cannot be certain that the Slp-Dep group is not simply

showing a performance decrement due to some non-specific effect of the

sleep-deprivation procedure. Wtih the nonsense syllables, Experiment

2 showed that the sleep-deprivation prccadure does not alter recall

once consolidation has been completed (the previous night).

Pjgcugf^on aqfl Cpnpl^gigna

Experiment 5 was a useful one to perform as it was free from the

possible contaminating effects of circadian rhythms. All subjects

learnt and recalled their nonsense syllables or other material at the

same time of day.

It is important to discuss these results in the context of

Experiment 2. That experiment showed that if subjects recalled and

relearnt material after previously having slept, then sleep-deprivation

had no apparent effect. It would have been useful to do a similar

control experiment for Experiment 5, but sadly, I have not had time to
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do this. However, there is no evidence to show that 1 - 3h sleep

might be potentially harmful to recall or releaming, so it is unlikely

that groups Ih-Slp and 3h-Slp were impaired. It is possible that if

they had been tested immediately, or soon after waking, they may have

shown impairment, but both groups had a good many hours in which to

awaken. There were some signs of impairment in the recall scores when

lh—Sip and 6h-Slp were compared to Slp-Dep, but these were nowhere

near significant.

Intuitively, it may not seem surprising to find subjects remem¬

bering better after a lot of sleep as opposed to a little or none.

Experiment 2 indicated that this sort of intuition is probably wrong.

It is probable that if subjects had been allowed a nights sleep before

being allowed varying amounts, then there would be no difference

between groups.

Over the course of Experiments 1, 2, 4 and 5, Savings %t com¬

pared to Paced and Free recall, has turned out to be the most sensitive

to sleeps effect on memory. Free recall has never shown such a clear

pattern of results. It was disappointing that Paced recall, in this

experiment, did not show a significant difference between Slp-Dep and

6h-Slp and thus confirm the result of Mor 24 and Mor SD in Experiment

1, but it probably would have become significant if subjects had been

allowed approximately 2h more sleep (which would have contained a high

proportion of REM).

The results in this experiment showed that somewhere between

3 and 6h sleep was all that was necessary for the Mor 24 group in

Experiment 1 to have beep significantly different to Mor SD. Using

Savings % measure, it was also possible to deduce that stage REM was

important in causing the difference. However, SWS may also have had a
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role to play. Certainly, Figure 7.2 seemed to show increases in SWS

being paralleled by increases in the Savings % score.

This experiment has not been particularly clear in shoving what

stage of sleep was important, but thai it was not directly designed to

do this. The paradigm used in this experiment does, however, have

some potential. A more careful titration of sleep might give some

illuminating results. If, for example, I had had two 3h-Slp groups,

one of which, instead of completing its REM, had been woken before

REM occurred, then a comparison could have been made between the group

which would have had substantial amounts of SWS and little REM, and

the other group, which would have had a lot of extra REM but roughly

the same amount of SWS.

Perhaps, the regression equations I have shown should be taken

lightly. However, I think they illustrate that subjects will perform

well on retention tests even when ho sleep has been allowed. They

also show that if REM sleep, especially, Is allowed, moderate improve¬

ments in retention can be expected. It is worth pointing out, as I

have done in an earlier discussion, that the Savings % measure, for

those who have slept, is near its celling. It is possible, had I

found a material that was not as near its ceiling, that REM's effects

would have been more impressive.

conservative interpretation, taking into account all the

results of Experiments 1, 2 and 5, is that 3lesp as a whole has a

beneficial part to play in memory and that REM to a great extent, and

SWS to a lesser extent, have ports to play. The literature indicates

that sleep may be important to memory, but the categorical experiment

of comparing one group that has slept and another that has been sleep-

deprived, in conditions where circadian variations can have no effect,
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had not been done until Experiment 1. None of the sleep-disruption

experiments have hitherto 3hown that any type of sleep is important

for the consolidation of memory. Some have shown that differences in

performance on retention measures may vary with deprivation of some

stages and not others, but no one has provided the control experiments

needed to show that it is something to do with consolidation and not

recall performance. Admittedly, nor have I, but if Experiment 2 can

be taken as an indication, then the results of Experiment 5 become

important.

Of the new material that was introduced in this experiment, only

Jumbled (or nonsense) sentences seemed to show themselves to be

sensitive to sleep. Assuming that the total and partial sleep-

deprivation procedures have not caused non-specific performance

decrements, and taking Experiment 3 and Benson and Feinberg (1977)

into consideration, it would appear that not all verbal material is

affected ty sleep. Using a 24h retention interval, in which learning

takes place in the morning, it would seem that the more meaningful the

material, the more quickly it is consolidated; so that by the time

sleep occurs, meaningful material is fully consolidated and so sleep

cannot have any effect. On the other hand,if less meaningful material

takes a long time to be consolidated, then sleep is able to influence

the consolidation. Certainly, the apparent difference in consolid¬

ation times between meaningful and nonsense material deserves further

research.
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CHAPTER 8

SLEEP. MEMOR" AND PROTEIN SYNTHESIS (EXPERIMENTS 6 AND 7)

Ext erimmt 6

Introduction

So far in tk.s thesis, I lave concentrated on the relationship

between sleep and i emory. I vll now describe two experiments that

are directly related to memory, to sleep and presumptively to protein

synthesis.

In the introductory section of Chapter 1, I stated that sleep

should impose a beneficial effect on memory. The experiments I have

described so far lend some support to that idea. These experiments

have not only, in their own right, provided support that sleep and

memory may be connected, but I 1hink they have also clarified doubts

about previous experiments of the same genre. In Chapter 1, I also

stated the reason why sleep should impose an effect on memory. The

connection between sleep and menory was protein synthesis. Chapter 2

cited evidence that showed that sleep might be a time in which the

overall rate of protein syntheses would be higher than in wakefulness.

Both Chapters 1 and 3 cited evidence which showed that protein syn¬

thesis might be connected with memory. So it was reasonable to

predict that sleep would be a tjjne which favoured memory trace

formation.

Allen (1975, 1976) took the view that REM might be a time for

memory-related protein synthesis. At the time in which her hypothesis

arose, the evidence supporting the view that REM wa3 important for

memory was stronger than it is now. Allen performed one experiment

which provided evidence in support of the hypothesis. This experiment
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did have flaws, but if I leave these for the moment, and describe her

results, it will become apparent that her experiment could have been

an important one*

In brief, Allen allowed one group of human volunteers to have

15 minutes REM (REM-15) whereas another group was allowed no REM

(REM-Dep). Both groups were given placebo capsules on one night and

doxyeyeline capsules on another night. Doxyeyeline is a semisynthetic

member of the tetracycline family of antibiotics and is derived from

oxytetracycline. Tetracyclines are thought to inhibit human protein

synthesis (Pestka, 1971; Jimenes;, 1976), As tetracyclines may be

found in the cerebrospinal fluic, both Allen and I assumed that

doxycycline penetrated the blooc-brain barrier. It certainly penet¬

rates the blood-aqueous barrier of the eye (Stjernschantz, Palkama,

Uusitalo and Olli-Veikko Renkoncn, 1973).

Her results are 3hown in Iable 8.1 below.

REM-Dep REM-15

Placebo AO. 7 AS. 7
(H.l) (18.9)

Doxycycline 15.8 A5.8
(39.0) (20.9)

Table 8.1 Allen's (1976) results showing the Savings % means
and standard deviations (in parertheses)

She found the following significant differences:

REM-Dep + Placebo vs REM-Dep H doxycycline P < 0.01 (one-tailed)
REM-15 + Placebo vs REM-Dep i doxycycline P < 0.01 (one-tailed)
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It should be noted that the above results and comparisons are taken

from Allen's (1976) thesis. They do not match up with those reported

in Allen (1975). This was because a small and systematic error crept

into her original calculations of Savings % and this was not noticed

until some time after publication had taken place.

The results showed that in the placebo condition, 15 minutes REM

had no significant effect compared to 0 minutes REM. In the REM-15

group, doxyeyeline had no discernible effect compared to placebo.

However, when REM-deprivation and doxycycline were combined, these two

treatments seemed to impose a detrimental effect on Savings %,

Allen's subjects learnt 4-0-word sentences using the serial

anticipation method of learning. Although she analysed her results

intensively, the only clear cut results showing the detrimental effect

of REM-deprivation and doxycycline were found using Savings %.

In view of the importance of her experiment and as not all her

results confirmed Savings %, it was necessary to determine whether her

results were in fact reliable. Experiment 6 describes my attempt to

repeat her experiment. It is probably in the nature of every experi¬

menter who is thinking of repeating someone else's experiment to

change the experiment into one that is better. Sometimes, far too

many changes are made. This leads to some observers wondering whether

the original and repeat experiments are in fact the same.

As I intended to repeat Allen's experiment, it was necessaiy to

change very little. If I imposed too many changes and did not get the

same results, I would not have known whether my changes had abscured

the original results or whether the original results were not

reliable.

I mentioned earlier that there were flaws in Allen's original
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design. The changes I made were those that were necessary to clarify

the results. There were two major errors in her design:

1) The sentences used in the placebo condition were different
to those used in the doxycycline condition. Any difference
between the placebo and doxycycline conditions may have
been attributable to the differences between the sentences.

2) The night that subjects were given doxycycline (200 mgs.,
oral administration), always, although not immediately,
followed the placebo night. Any differences that arose
between the placebo and doxycycline conditions may have
arisen from an accumulative effect of disturbed sleep
nights before the final night.

Further, the study was only single-blind, that is, the subjects

did not know when they were receiving the doxycycline but Allen did.

It was possible she may have been unwittingly influencing the perfor¬

mance of her subjects.

My changes were sinqple. I decided to run the study in double-

blind conditions, counterbalance the sentences across nights, and

counterbalance the nights on which subjects were given the doxycycline.

I will now describe Allen's methods in greater detail as the

methods she used were identical to my own, I should also point out,

that like Allen, I assume that doxycycline, or one of its metabolites

may have an effect through inhibition of cerebral protein synthesis.

The design for both her experiment and mine is shown in

Figure 8,1,

Allen's main retention measure was enterprising. Both groups

of subjects learnt a sentence (First sentence) after the first

awakening. After the third awakening, subjects learnt a new sentence

(Second sentence) and then relearnt the original sentence. The

criterion for learning was one perfect recitation of both sentences.

The main measure was Savings % and was calculated in the following

way:
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REM-15

NREM NREM NREM

AWAKE REM AWAKE AWAKE

REM-DEP

NREM NREM NREM

AWAKE AWAKE AWAKE

Learn
First
Sentence

Card-sort Learn Second sentence

Relearn First sentence

Figure 8.1 Experiment 6. Design
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Number of Second sentence
_ Number of First sentence

learning trials "" learning trials
x 100

Number of Second sentence
learning trials

Savings % was used because it is commonly regarded as a sensitive

measure of memory. Although different sentences had been used, they

had been previously matched for difficulty, i.e.under similar con¬

ditions groups of subjects would generally take the same number of

trails to reach criterion.

Subjects in both groups releamt the First sentence at a

different time of night than the learning of the First sentence.

Also, when subjects in the REM-Dep group were being measured for

retention of the First sentence, they would be in a different "state"

to those in the REM-15 group. The former group would have had no REM,

whereas the latter group would have had 15 minutes REM, Any differ¬

ences between these two groups could be claimed to arise from state-

dependency. Whereas the REM-Dep group would have had no REM whan

learning and releaming the First sentence, the REM-15 group would

have had no REM on initial learning but 15 minutes RIM on relearning.

The two groups would be recalling in different "states". The Second

sentence was introduced to avoid these and other problems. As both

groups would be learning the Second sentence in the same "state", or

time of night, as would be present during the releaming of the First

sentence, then there should be no argument that any differences

between the two groups arose from state-dependency. The same argument

may be applied if the doxycycline condition were to alter the

subject's performance.
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Allen's design allowed one group of subjects to get 15 minutes

REM and another to get none (or very little). The design was unusual

as it reduced the possibility of the REM-deprived group (REM-Dep)

getting less sleep than the REM-15 group (which had 15 minutes REM).
A difficulty with many REM-deprivation experiments has always been

that control groups invariably have not only REM sleep but longer

total sleep times than REM-deprived groups. The balancing of total

sleep times was attempted the following way*

1) Both groups (REM-Dep and REM-15) would sleep until
the onset of the first REM period,

2) Both groups would then learn the sentences which
were to be remembered.

3) Both groups would go back to bed and sleep.

4a) When the REM-Dep group had begun to enter their second
REM period, they were woken up. To ensure they did
not go back into REM, the subjects had to get up and
perform the card-sorting task

4b) The REM-15 group was allowed 15 minutes of their
second REM period before they performed the card-
sorting task.

5) Both groups slept either until the onset of the third
REM period or lh after going back to sleep. Whenever
the sleep criteria were reached, the subjects were
woken up and retested.

The subjects had to stay at the sleep laboratory for four non-

consecutive nights. The first two were for adaptation (it was noted

in Chapter 1 that there is a "first-night sleep effect" which shows

itself mainly by the first REM period not manifesting itself as

clearly as on subsequent nights). These nights were also used so

that subjects could learn other sentences. Allen had noted a

"learning to learn" effect with her sentences, so it was useful to

have subjects near the asymptote of their "learning to learn" curves,

Allen's overall design is shown in Table 8,2.
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Condition

Adaptation Experimental

1st Night 2nd Night 3rd Night 4-th Night

Placebo Placebo Placebo Doxyeyeline

Learn sentences 1—2 3—4- 5—6 7—8

Recall - 5 7

Table 8.2 Allen's design. Sentences were learnt in the order shown,
e»g.» 5-6 means sentence 5 was learnt first and sentence 6
second. Both groups (REt4-Dep and REft»15) learnt the same
sentences in the above order.

Method

Design

I used exactly the same sentences as Allen. They are shown in

Appendix 60.

Ity full design is shown in the form of a testing schedule shown

in Table 8.3.

As ray design was a double-blind crossover, Professor Oswald was

given the testing schedule before the experiment had begun. He filled

in the spaces I had provided for the subject numbers. I received the

capsules in envelopes which had marked on them whether a subject

should be REM-deprivod or allowed 15 minutes REM and which sentences

they should learn.

It will be noted in Table 8,3 that the sentences are equally

distributed between the two conditions. As there were 32 subjects in

all, this meant that four subjects would learn and releam Sentence 5

on their first night, and two of these subjects would be taking the
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Subject REM-Dep Subject REM-15
Number Number

3rd Night 4th Night 3rd Night 4th Night

10 5-6 PI 8-7 Doxy 4 5-6 PI 8-7 Doxy
6 6-7 PI 5-8 Doxy 17 6—7 PI 5-8 Doxy
8 7-8 PI 6—5 Doxy 19 7-8 PI 6-5 Doxy
28 8-5 PI 7-6 Doxy 29 8-5 PI 7-6 Doxy
30 8-7 PI 5-6 Doxy 23 8-7 PI 5-6 Doxy
24 5-8 PI 6-7 Doxy 13 5-3 PI 6-7 Doxy
16 6-5 PI 7-8 Doxy 1 6—5 PI 7-8 Doxy
18 7—6 PI 8-5 Doxy 5 7-6 PI 8—5 Doxy

32 5-6 Doxy 8-7 PI 31 5-6 Doxy 8-7 PI
26 6-7 Doxy 5-8 PI 25 6-7 Doxy 5—8 PI
22 7-8 Doxy 6-5 PI 27 7-8 Doxy 6—5 PI
20 8-5 Doxy 7-6 PI 9 8-5 Doxy 7-6 PI
12 8-7 Doxy 5-6 PI 15 8-7 Doxy 5-6 PI
3 5-8 Doxy 6-7 PI 21 5—8 Doxy 6-7 PI
14 6-5 Doxy 7-8 PI 11 6-5 Doxy 7-8 PI
2 7-6 Doxy 8-5 PI 7 7-6 Doxy 8—5 PI

Table 8,3 Experiment 6, Testing schedule
Noteai Numbers 5 to 8 refer to sentence numbers. The First sentence
number refers to the sentence that is first learnt and then later
recalled. The second sentence number refers to the second sentence
that i3 learnt,

PI » Placebo
Doxy = Doxyeyeline
The 3rd and 4th nights refer to the two experimental nights. All
subjects had two adaptation nights before the experimental nights.

drug and two would not. Two of these same subjects would learn either

Sentence 6 or 8 for the second sentence, to which the releaming would

be compared.

If the full combination of sentences were to have been used,

i.e., instead of 5-6, and 5-8, I had used 5-6, 5-7, and 5-8, then 50%

more subjects would have been needed. However, it was not necessary to

use all combinations. It was only necessary to ensure that the sen¬

tences that were used were evenly balanced across the first and second
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learning sessions.

It saved both time and money to use subjects in both the

placebo and doxycycline conditions. All subjects needed to have two

adaptation nights, so if two independent groups were to have had

placebo and doxycycline, and if the same pair of sentences were used

throughout, and also if subjects came in pairs on their first adap¬

tation night, then if there were 15 subjects in each group (the number

with which Allen had significant results), the number of recording

nights would increase from 96 to 150 and the cost of paying subjects

(at £4.00 per head) would increase from £572 to £720. In any case, by

having subjects in placebo and doxycycline conditions, any differences

between theso two conditions could be measured more precisely.

It had been shown that after volunteers had been given a dose of

500 mge doxycycline (two and a half times greater than I was going to

use), the serum level of doxycycline was undetectable after one week

(Kwaku Adadevoh, Ogunnaike and Bolodeoku, 1976). Ify subjects came to

the laboratory at weekly intervals.

Subjects

Subjects were gained in the same ways as in Experiments 4 and 5,

that is, through advertisements and word of mouth. The experiment was

conducted, intermittently, from June 1976 to December 1977. The bulk

of the subjects were tested from April 1977 to December 1977.

The subjects were students and were paid for their troubles.

All subjects had previously filled in the questionnaire set out in

Appendix 40. None confessed to being insomniacs or to be undergoing

medication. Each subject came to the laboratory for four nights at

weekly intervals. The subjects' ages ranged between 19 and 26 years}
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the mean age was 21.63. As it was difficult to get subjects for the

experiment, I could not maintain an even balance of males and females.

Out of 32 subjects 10 were female and 22 were male, these being

evenly distributed between groups.

Eight subjects were dropped during the study. Four of these

were dropped early in the study when, for personal reasons (my mother

has suffered two consecutive sub-arachnoid haemmorhages), I could not

test the subjects on their final visit. Two were dropped for sleeping

exceedingly badly on experimental nights. Another developed an

allergy to the sticking plaster used to attach the electrodes, and the

eighth dismissed himself from the experiment.

Subjects arrived in pairs on their first visit at 21.30h, and on

their own on subsequent visits at 22.00h. Subjects were not told the

purpose of the experiment but were told that their first visit was

only one in which they were being introduced to the procedures. They

were told that should they wish to opt out from the experiment after

their first night, they could, although they would not be paid. The

subjects were also told that the remaining three nights were to be

experimental nights.

Subjects were told that the green capsules they were receiving

on the first night contained an inert compound and that the capsules

could contain an antibiotic on any of the three remaining nights.

As subjects were learning the sentences using the serial antic¬

ipation method, the instructions they were given were similar to those

used in Experiment 1 (Appendix 2).
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Material frnfl Prqqecftffeg

The AO-word sentences used will be found in Appendix 60. They

were learnt to a criterion of one perfect recitation. The presentation

rate was one word every 3 seconds and the inter-trial interval was

9 seconds.

An Alvar Polaron Reega Mini 7 polygraphic recorder was used (as

in all experiments that measured sleep) to monitor BOG, IMG and BEG.

Subjects were woken up by switching the room light on, walking in and

gently calling the subject's name. About 20 seconds normally elapsed

between me registering that a sleep criterion had been reached and the

subject being woken up. Also, as in other experiments, sleep stages

were defined using the internationally accepted criteria of

Rechtschaffen and Kales (1968).

As an indication of arousal level, the Critical Flicker Fusion

frequency (CFF) was measured in the same way as Experiment A.

procedure on all nights (except the first and experimental):

Subjects arrived between 2130 and 22l5h.

Subjects undressed and prepared for bed.

Electrodes attached.

Subjects put to bed and given capsules by 2300h.

Lights out by 23l5h and EEG recording commenced.

Subjects were awoken as they were entering their first
REMP,

CFF was measured.

Subjects learnt their First sentence.

Sack to bed.

Subjects were either woken up as they entered their
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second RJEMP (REM-Dep) or were woken 15 minutes after
the commencement of their second REM period (REM-15).

11) Subjects performed the card-sorting task,

12) Back to bed.

13) Subjects were either woken up at the beginning of their
third REM period or one hour after the commencement of
sleep but not in Stages 3 or 4. BEG recording discon¬
tinued at this time.

14.) Subjects performed the card-sorting task.

15) CFF was measured.

16) Subjects learnt their Second sentence.

17) Back to bed.

18) Subjects were woken up in the morning at any time
that they desired.

General procedure on experimental nights*

The only difference between the experimental nights and others

occurred at step 17. On experimental nights subjects relearnt the

First sentence at this time. Subjects were told, the first time this

happened, that this was an unusual occurrence and would not happen on

their last night (although it did).

General procedure on the first night*

As two subjects were being handled simultaneously, I could not

awaken them accurately at the prescribed sleep stages. Consequently,

which ever subject reached the appropriate wake-up criterion first was

woken up first. The second subject was usually woken up immediately

after I had finished with the first subject unless they were in

Stages 3 or 4. If they were in these prohibited stages, I normally

waited until they had left them.
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Other than these, there wear© no differences between the first

night and other nights.

Statistics, Assumptions and Predictions

The design does not allow any single and simultaneous nonpars-

metric ANOVA to test whether Groups (REM-15 and REM-Dep) and Con¬

ditions (Placebo and Doxyeyeline) differed. However, parametric

ANOVAs could be used.

For OFF a 2 x 2 x 2 (Groups x Conditions x Awakenings) ANOVA

could be used, bearing in mind that Conditions and Awakenings would be

repeated measures. I show this diagramstlcally belowi

Independent _
Measures

- REM—Dep—
I

First
Awakening

I

Placebo
I 1

Doxycyclino
I

L-RHH-IS -

Third First
Awakening Awakening

Repeated measures

j

Third
Awakening

JL

Placebo
I ,

1 r

Doxycycline
1

First
Awakening

Third First
Awakening Awakening

1

Third
Awakening

Similarly, for the Initial learning of the First and Second

sentence a 2 x 2 x 2 (Groups x Conditions x Sentences) ANOVA could be

employed:
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p RB4-Dep _

Repeated measures

Placebo Doxycycline

r
First

u Sentence

I

Second
Sentence

I

First
Sentence

Second
Sentence

Independent
measures

REM-15 —

Repeated measures
I

Placebo Doxycycline

First
Sentence

1
Second
Sentence

1
First

Sentence

T
Second
Sentence

I should reiterate that "First sentence" refers to the first

sentence learnt in the night and, similarly, "Second sentence" refers

to the second sentence of the night. "First" and "Second" do not

refer to sentences numbered 1 and 2.

For the critical retention measure, Savings %, a 2 x 2 (Groups

x Conditions) ANOVA was employed:

Independent -
measures

rREM-Dep_
Repeated measures

r-
Placebo

■Savings %

I

Doxycycline
Savings %

•RBM.5 -

Repeated measures

r
Placebo

L-Savings %

I

Doxycycline
Savings %
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There were three sleep periods*

Both Groups: 1st Sleep period ) Learn First sentence
^ 2nd Sleep period > Card-sorting ^ 3rd

Sleep period » Learn Second sentence and relearn First
sentence

I could have employed a 2 x 2 x 3 (Groups x Conditions x Sleep

periods) ANOVA to analyse the sleep data. However, it was only impor¬

tant to note two things* 1) Whether sleep differed in the first

Sleep period, between groups and conditions. Differences in sleep may

have affected the learning of the First sentence. 2) Whether sleep

differed in the retention interval. Differences could affect either

the learning of the Second sentence or retention of the First sent¬

ence. It was pointless to do a 2 x 2 x 2 (Groups x Conditions x

Sleep-Ist period and Sleep-Retention Interval) ANOVA as there would

certainly be roughly twice as much sleep during the retention interval

compared to the first Sleep period. I decided to use two 2x2

(Groups x Conditions) ANOVAs, one for the lst-Sleep period and one for

the Retention interval sleep.

Should significant differences have arisen in any of the ANOVAs,

I would use redundant statistics (using the same rules I have mentioned

before) to make individual comparisons. It is noteworthy that ny

statistical procedures were different to those of Allen (1976). In

her thesis she did not appear to use ANOVAs. I thought ANOVAs should

be used as there was such a large number of potential comparisons.

With a large number, some significant individual comparisons are

bound to occur by chance at the 0.05 level. The ANOVAs would protect

me from making needless comparisons. As a further safeguard, I set

the level of significance at 0.01.
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I accepted the necessary assumption for using parametric ANOVAs

(e.g. equal variances within Groups, normal distributions). I should

point out that the parametric ANOVAs are robust, i.e. F is insensitive

to marked departures in the assumptions (Guilford, 1965).
I assumed that doxycycline (or one of its metabolites) would

impair cerebral protein synthesis. I therefore predicted that doxy-

cycline would impair retention as Allen*s results suggested. I pre¬

dicted that R£24-deprivation would Impair retention. Further, I

predicted that a combination of REM-deprivation and doxycycline would

be especially deleterious to retention, as Allen*s results also

suggested.

Resets

Before examining the memory data it was necessary to check

whether groups or conditions differed significantly either in arousal

or sleep.

Critical Flicker Fusion (OFF)

The raw data for the OFF frequencies will be found in Appendix 61.

The means and standard deviations are shown in Table 8.4-.

The 2x2x2 ANOVA shoved no significant effects (details in

Appendix 62). Uiis indicated that there were no differences between

Groups (REI4-Dep, REM-15), Conditions (placebo, doxycycline), or

Awakenings (First, Second). Therefore, there were no apparent differ¬

ences in arousal level as measured by CFF,
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Condition Time REM-Dep REM-15

Placebo

First Awakening 29.36
(1.70)

30.05
(1.83)

Second Awakening 29.57
(1.64)

30.13
(1.73)

Doxycyoline

First Awakening 29.69
(1.39)

29.93
(1.31)

Second Awakening 29.67
(1.31)

30.23
(1.89)

Table 8.4. OFF frequencies, Means and Standard deviations (in
parentheses)

Sleep

All the usual sleep parameters were analysed (Sleep onset,

Stage 1, Stage 2, Stage 3, Stage 4 and Stage REM). To reduce the data

to manageable limits, I will present the results of Sleep onset, SWS

(Stages 3 + 4), NREM (Stages 1 + 2 + SWS), REM and TST (REM + NREM).1
This raw data will be found in Appendices 63 and 64.

In the lst-Sleep period, the ANOVA shewed no significant diff¬

erences between Groups or Conditions in either Sleep onset, SWS, NREM,

RIM or TST. The means and standard deviations are shown in Table 8,5

and the details of the 2x2 ANOVA in Appendix 65.

"Sleep-Retention interval" is composed of the second and third

Sleep periods added together. The means and standard deviations are

shown in Table 8.6.

1. SWS « Slow wave sleep time} NREM = Non—REM sleep time} TST = Total
sleep time.
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REM-Dep REM-15

Sleep
onset

15.31
(10.21)

16.04
(13.54)

SWS 36.88
(9.33)

36.56
(21.40)

Placebo
NREM 61.50

(14.59)
67.75
(27.75)

REM 0.53)
(0.41)

1.04
(1.30)

TST 65.50
(16.32)

74.02
(30.34)

Sleep
onset

20.83
(14.69)

20.31
(17.54)

SWS 36.52
(19.08)

36.32
(16.26)

Doxyeyeline
NREM 63.27

(24.79)
61.85
(16.08)

REM 0.48
(0.56)

0.58
(0.59)

TST 69.23
(25.40)

64.73
(17.16)

Table 8.5 Experiment 6. 1st Sleep period,
sleep times (in minutes)I means
and standard deviations (in paren¬
theses)

The 2x2 ANOVAs showed no significant differences in sleep

onset. Significant differences arose between Groups in the amount of

SWS (F =» 24-.08, df = 1»30, F < 0.001), the REM-15 group having more

SWS than REM-Dep. The same was true for NREM (F « 17.01, df « 1»30,

P A 0.001), REM (F « 297.82, df « 1,30, P < 0.001), and TST (F « 41.03,

df » 1,30, P 0.001). Full details of the ANOVAs will be found in

Appendix 66. Allen (1976) had similar results (e.g. TSTj REM-Dep +
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REM-Dep REM-15

Sleep
onset

33.00
(23.17)

31.71
(25.74)

sws 27.11
(11.25)

40.60
(15.01)

Placebo
NREM 83.-42

(20.42)
103.27
(22.72)

REM 1.31
(1.06)

15.71
(2.56)

TST 88.33
(19.68)

124.64
(23.77)

Sleep
onset

32.59
(20.37)

23.46
(12.15)

SWS 31.31
(14.49)

43.86
(17.71)

Doxycycline
NREM 85.17

(21.54)
111.73
(23.45)

REM 3.10
(2.21)

14.98
(2.53)

TST 91.62
(23.48)

129.52
(23.06)

Table 8.6 Experiment 6. Sleep-retention
interval, sleep times (in minutes)J
means and standard deviations (in
parentheses)

Placebo = 86 minutes{ REM-Dep +. Doxycycline * 89 minutes? REM-15 +

Placebo « 122 minutes? REM-15 + Doxyeyeline » 126 minutes).

I mentioned at the beginning of Chapter 7 that if subjects are

REM-deprlved during the night they will "try" to enter Stage REM

sooner than normal. Another way of putting this is to say that the

interval between each REM period is reduced. The REM-Dep group

probably had less sleep than the REM-15 group because they were trying



• 259 -

to enter REM more quickly than REM-15.

The only other significant finding in the ANOVA was an inter¬

action between Groups and Conditions (Sleep-Retention interval) in

REM time (F = 4,78, df = 1|30, P < 0,04), If reference is made to

Table 8.7, it will be seen that the REM-15 group did have approxim¬

ately 15 minutes REM and the REM-Dep group was almost completely

deprived of REM. However, the REM-Dep group in the doxycycline con¬

dition had slightly more REM than in the placebo condition, and the

REM-15 group had slightly less REM in the doxycycline oondition than

in the placebo condition, This caused the significant interaction.

No importance should be attached to this result as REM was the

experimentally controlled variable, I caused the Interaction by-

allowing slightly more REM to occur in the REM-Dep subjects in the

doxycycline condition.

It is not necessary to do any further statistics as the ANOVAs

show that the REM-15 group had more sleep than the REM-Dep group and

that doxycycline did not affect sleep,

Memory-Retention Interval

The retention interval differed significantly between the RI124-15

and REM-Dep groups (F « 11.59, df » 1,30, P < 0,002), The raw data

will be found in Appendix 67, the means and standard deviations In

Table 8.7 and the ANOVA in Appendix 68.

The difference between TST and the retention interval time is in

the order of 1.4h. The 1.4h is a combination of the time it took sub¬

jects to fall asleep before the 2nd-Sleep period and 3rd-Sleep period,

the time it took to learn the First and Second sentence, and the time

it took to do the card-sorting task and measure OFF,
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REM-Dep REM-15

Placebo 2.79 3.68
(0.82) (0.56)

Doxycycline 2.91 3.57
(0.99) (0.43)

Table 8.7 Experiment 6. Retention interval time (h),
means and standard deviations (in parentheses)

Memory

The Initial learning scores for both the First and Second sen¬

tences are shown in Table 8.8. The raw memory data will be found in

Appendix 69, and the details of the 2x2x2 ANOVA, which showed no

significant differences, in Appendix 70.

REM-Dep REM-15

Placebo

First sentence 12.00
(4.90)

9.63
(3.61)

Second sentence 9.94
(6.42)

9.75
(3.75)

Doxycycline

First sentence 10.38
(3.30)

10.38
(3.65)

Second sentence 9.13
(4.35)

7.63
(2.55)

Table 8.8 Experiment 6. Initial learning (trials) for
First and Second sentences: means and standard
deviations (in parentheses)

The Savings % results are shown in Table 8.9.

The 2x2 ANOVA showed no Group differences (F = 0.02, df * 1»30,
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REM-Dep REM-15

Placebo 45.06 43.97
(7.45) (13.48)

Doxycycline 26.34 28.68
(31.44) (15.24)

Table 8.9 Experiment 6. Savings %, Means and
standard deviations (in parentheses)

P > 0.9), nor a significant Group x Condition interaction (F « 0.14,

df » 1,30, P > 0.7). The Conditions (Placebo vs Doxycycline) dif¬

fered significantly (F « 14-.08, df «= 1,30, P \ 0.001). Details of the

AN0VA will be found in Appendix 71.

The Savings % results are striking and quite clear: doxycycline

has impaired subjects in both Groups. It is not necessary to make any

individual comparisons as the AN0VA shows exactly what happened.

I examined the Paced recall results. They are shown below in

Table 8.10.

REM-Dep RKM-15

Placebo 16.06 19.56
(10.45) (9.00)

Doxycycline 15.88 16.13
(11.14) (11.30)

Table 8.10 Experiment 6. Paced recall (number
of words recalled in the first relearn-
ing trial). Means and standard deviat¬
ions (in parentheses)

The 2x2 ANOVA showed no significant effects (details are in

Appendix 72). This is disappointing. However, Allen (1976) too did

not find any clear cut results with this measure.
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DlffCU?pion

The results are clear. Even though differences emerged between

groups in the amount of sleep, and even though there was a difference

between groups in the length of the retention interval, there were no

significant differences between groups in any of the retention

measures. In the light of Experiments 1 and 5» this was not too

surprising.

In addition to her special method of calculating Savings %,

Allen (1976) also calculated Savings % in the traditional manner by

using the First sentence alone, i.e.

ILf - RLf
Savings % (First sentence) « x 100

IL^ => Initial learning trials, First sentence
RLp » Relearoing trials, First sentence

She found that Savings % (First sentence) was not consistent

with Savings % (Second sentence). As a reminder, this had been cal¬

culated the following way:

IL — RL
s s

Savings % (Second sentence) « x 100
IL

3

IL « Initial learning trials, Second sentence3

I have already shown the Savings % (Second sentence) results in

Table 8.9* It is really pointless to calculate Savings % (First sen-
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tence) because it disregards the usefulness of the Second sentence.

However, to check Allen's finding, I made the calculations. The

results are shown in Table 8,11.

REM-Dep REM-15

Placebo 54.81 39.48
(19.20) (27.94)

Doxycycline 39.88 42.47
(17.02) (27.45)

Table 8,11 Experiment 6. Savings % (First sen¬
tence). Means and standard deviat¬
ions (in parentheses)

The 2x2 ANOVA showed no significant effects (Appendix 71). It

is bad statistical practice to do any individual comparisons. However,

I checked the two largest differences:

REM-Dep + Plac. vs REM-15 + Doxy.: t « 2.69, df » 15, P < 0.017
REM-Dep + Plac. vs REM-15 + Plac.: t » 1.81, df » 26.6, P > 0.08

Plac. " Placebo
Doxy, « Doxyeyeline

Both tests two-tailed

Savings % (First sentence) weakly confirms the difference

between REM-Dep + Placebo and REJi-Dep + Doxycycline found using

Savings % (Second sentence).

The most probable reason why Savings % (Second sentence) and

Savings % (First sentence) do not agree with each other is because

there are small and nonsignificant differences between the Initial

learning of the First and Second sentences. If Table 8.8 is examined,
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it ia apparent that in REM-Dep + Placebo, REM-Dep + Doxycycline, and

REM-15 + Doxycycline, the Second sentence is being learnt slightly

quicker than the First sentence. This may be the effect of an uncon¬

trolled variable or more simply, the subjects are still "learning to

learn" (Bahrick, 1967). If the latter is true this may suggest that

the subjects are relearning their First sentence more quickly than

they should. For Savings % (First sentence) to give a true reflection

of retention it is necessary to apply a correction to the releaming

trials.

If the Second sentence is being learnt more quickly than the

First sentence, we can say:

IL / ILf s

Or alternatively, we might say:

1) IL = k x IL , k being a constantX s

As ILg occurs immediately before the relearning of the First
sentence (RL ), it is possible that whatever affects IL mightX s

similarly affect RL^. If IL^ = k x ILg, then we can use the constant
k as a correction factor to RL^,:

RL corrected = k x RL^

Rearranging equation 1, we get:

k « ——
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So, the corrected releaming score becomes!

2) RL corrected = —— x RL^
IL

8

If Savings % (First sentence) is recalculated using RL corrected (the

corrected relearning trials of the First sentence), we get!

Corrected-Savings % (First sentence)

Substituting equation 2

G.f - RL corrected

IL,

!Lf
IL_ - x RL_

1 IL r
s

IL,

Simplifying
IL,

IL^ x RL^

IL

ax 1 at

RL,

IL

IL - RL„
S X

IL
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It will be seen that the resultant is Savings % calculated using

the Second sentence, i.e.

Initial learning of
_ Releaming of "the

the Second sentence ~ First sentence

Savings % (Second sentence) =

Initial learning of
the Second sentence

In other words, if Savings % (First sentence) is calculated

using a corrected relearning score, and the correction is one that

reflects the difference between the Initial learning of the First

sentence and the Initial learning of the Second sentence, then the

corrected Savings % (First sentence) results are the same as Savings %

(Second sentence). In this way, the Second sentence justifies its

existence, for it can be used as an indicator of conditions which may

affect the relearning rate.

I checked the data to see whether there was a relationship

between the Initial learning of the Second sentence and the relearning

of theFirst sentence. The correlations were:

REM-15 + Placebo:

REM-15 + Doxyeye line:
REM-Dep + Placebo:
REM-Dep -t Doxyeye line:

r ® 0.69, df - 14, P < 0.01
r « 0.78, df - U, P < 0.01
r = 0.97, df « 14, P < 0.01
r « 0.50, df = U, P <0.05

It will be seen that overall, subjects who learnt the Second

sentence quickly also relearnt the First sentence quickly.

The Second sentence allows for differences in performance

between Groups and Conditions. It not only prevents the argument that
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state-dependent differences may be present between groups; it also

stops any arguments that suggest that the differences between con¬

ditions have arisen from differences in performance.

The most obvious argument as to why differences should have

been found between placebo and doxycycline is that under doxyeyeline,

subjects1 relearning performance might be Impaired. If this was true

then one might also expect that subjects' learning performance of the

Second sentence would also be impaired. It is apparent that this did

not happen. Even if it had, then the interpretation of Savings %

(Second sentence) would not be hampered.

It would have been useful if Paced recall had confirmed the

Savings % (Second sentence) results. However, Paced recall might

simply be an insensitive measure in this experiment.

Paced recall is a dlchotomous measure which gives information on

the strength of the memory trace only at one particular moment. For a

subject to recall, the strength of the memory trace must be above a

momentary threshold. If a memory trace is weak, then momentary fluc¬

tuations in the threshold will have considerable effects on the recall

score. A relearning measure such as Savings % repeatedly checks on

the strength of the memory trace and at the same time increases the

strength of the trace. If it is assumed that the strengthening of the

trace is equal between groups (i.e. learning rate remains constant),

then an estimate of the original strength of the trace may be made.

Effectively, the original strength of the trace is being repeatedly

measured, so if the trace was weak, then repeated measurement will

show it to be weak (by the time of relearning being long); or conver¬

sely, if the trace was strong, then repeated measurement will show it

to be strong (by the time of relearning being short). Thus a relear-
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ning measure could be regarded as a sensitive and more reliable

indicator of retention than just Paced recall which relies on a

momentary threshold.

It is surprising to find such clear evidence that doxyeyeline

has impaired memory.

In Chapter 3» I discussed the literature on the effects of

cerebral protein synthesis inhibitors on memory. It was clear that at

least 80% inhibition was necessary before significant effects were

found on the memory tasks used with animals. I doubt whether such a

degree of inhibition occurred in my subjects.

Doxycycline is assumed to exert its antianabolic effects through

protein synthesis inhibition (Wade, 1977) although the evidence is not

too clear (Korkeilla, 1974-). Certainly after oral administration,

doxyeye line is rapidly absorbed into the blood. Peak levels are found

within 2 - 4h (Mahon, Wittenberg and Tuffnel, 1970; Kwaku Adadevoh, et

al, 1976).

Doxycycline penetrates into the aqueous humour (Krause, Raunio

and Mustonen, 1972} Stjemschantz et al, 1976; Tsacopoulos, 1969); and

the blood-aqueous barrier Is supposed to be similar to the blood-brain

barrier (Ardersson, 1972). There is also some direct evidence to show

that doxycycline penetrates into the cerebrospinal fluid (Andersson

and Alestig, 1976). Although there is no good direct evidence to say

that doxycycline is a cerebral protein synthesis inhibitor, it Is

probably true to say that most work done on this drug will have been

financed by pharmaceutical firms. This being the case, it is likely

that some of the less generous findings related to tills drug will

probably have received little publicity.

As I have said in the Introduction to this chapter, I have to



- 270 -

assume the effects I have found are dependent on doxycycline•s anti-

anabolic actions.

As I suspect that doxycycline (or one of its metabolites) did

not produce a high level of inhibition, the question arises of how

impairment was caused. One possibility is that animal studies have

not yet shown that lower degrees of inhibition can produce impairment.

Most work done with inhibitors has concentrated on only a few learning

tasks. It is possible that tasks have not yet been found which are

more sensitive to inhibition. In Chapter 3, I pointed out that the

effectiveness of ECS was dependent on the nature and complexity of the

learning task. If one compares the ECS studies with the inhibitor

studies, it is apparent that a far wider range of tasks have been

used with ECS than with inhibitors. Perhaps tasks which are partic¬

ularly sensitive to inhibition have not yet been found. Serial

anticipation learning of a sentence might be sensitive to only a small

upset in the amount of cerebral protein synthesis.

Although doxycycline may not cause a high level of inhibition by

itself, it may have impaired the increase in protein synthesis that

sleep normally promotes. In other words, the placebo group's protein

synthesis was enhanced by sleep, whereas the enhancement was blocked

by doxycycline in the doxycycline group.

One argument that is always used against antibiotics is that

these drugs may not be producing their amnesic action through blocking

of brain protein synthesis (specifically required for long-term memory)
but through some other peripheral side effect. I have shown this is

unlikely. Some subjects may have felt nauseous at the time of

relearning. However, I asked subjects at the end of their last visit

when they thought they had had the doxycycline. It was clear they did
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not know. Apparently, it was difficult to distinguish the nights.

The indication that faster learning of the Second sentence

occurred suggests that any discomfort caused by the drug is not

sufficient to impair learning performance. This might also be taken

to suggest that releaming performance is net unduly affected.

Allen (1976) has carried out a daytime Gtudy with doxycycline.

Her study indicated that doxycycline had no detrimental affects on

memory during the day. This suggests that the subjects in Experiment

6 are displaying increased sensitivity to doxycycline' s detrimental

effects on memory. I have mentioned in Chapter At that there is

evidence which shows that subjects who learn meaningful material after

having been asleep, will recall this material less well than subjects

who have not been previously asleep (Ekstrand et al, 1977; Stones,

1973, 1977).
This "Prior Sleep" effect is striking as it does not impose its

effects through learning itself. Subjects will learn the material in

the same number of trials as subjects who have been previously awake.

However, recall is later reduced. This suggests to me that a fragile

memory trace has been produced in subjects who have had prior sleep.

Possibly, doxycycline's deleterious effects are being shown up because

it is acting on an already weak memory trace.

I will defer my conclusions to the end of this Chapter.

Experiment 7

Introduction

A further experiment was conducted in January 1977. It had two
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purposes. One was to check whether doxycycline might have any effect

on the retention of nonsense syllables which were learnt in the

morning. The other was to see whether retention of the nonsense

syllables would be affected if sleep occurred about AOh after learning.

It had been noted in previous experiments with nonsense syllables that

sleep would have a significant effect on retention if sleep followed

within 16h of learning. The new experiment was designed to check

whether the same effect occurred 40h after learning.

The retention interval was one week. 'There were two reasons why

this retention interval was chosen. Flood, Bennett, Orme and

Rosenzweig (1975a) had noted that with mice, restricted protein sny-

thesis allowed good retention 24h after training but this consistently

declined over a seven week period (compared to mice that were not

treated with a protein synthesis inhibitor).

As I suspected I would have difficulties in getting students

back after seven weeks, I decided on the shorter retention interval of

one week. Hence, one group of students received 200 mgs doxycycline

2h before learning and another group received placebo. After 2h

doxycycline should have been reaching its peak serum level.

The other reason why a one week retention interval was chosen

was because of Richardson and Gough's (1963) report which was cited in

Chapter -4. There authors used six groups of subjects. Half the groups

learnt nonsense syllables in the morning and the other half in the

evening shortly before going to sleep. The morning and evening groups

were further subdivided into thirds. One third releamt their nonsense

syllables 24h after learning, another third 4-Sh after learning, and the

remaining third one week after learning. No significant differences

were found between the morning and evening groups at the 24h and 4-Sh
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retention intervals but a significant difference was found at the one

week retention interval (the evening groups remembering more than the

morning groups).

I interpreted the above results the following way. The evening

groups leamt their material shortly before sleeping. So, the learnt

material would have been consolidated at a time when protein synthesis

was proceeding at a high rate (compared to wakefulness). The morning

groups, on the other hand,would have been consolidating their material

at a time when the rate of protein synthesis would be lower than the

evening groups. In the light of Experiment 1, it was not surprising

that there were no differences at the 24-h retention interval. If the

evening groups are likened to Flood et al's (19?5a) control group of

mice, and the morning groups are likened to Flood et al's (1975a)

experimental mice (those that were under the influence of a protein

synthesis inhibitor), then the morning groups were forgetting more

than the evening groups because their rate of protein synthesis was in

fact reduced compared to the evening groups.

I was interested to see whether the same sort of result as

Richardson and Gough (1963) would be obtained if on© group of subjects

learnt their nonsense syllables in the morning and were allowed to get

a night's sleep (which had been shown to be beneficial, even though it

is I6h after learning); and another group of subjects learnt in the

morning and was not allowed their first night's sleep but allowed their

second and subsequent nights' sleep, I assumed, for the latter group,

that consolidation without sleep must be completed within 4-Oh.

To summarize, Flood et al (1975a) found the following!
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Control: Learn (normal rate of protein synthesis) a Good
retention 24h after learning and good retention 7 weeks
after learning.

Experimental: Learn (reduced rate of protein synthesis) 3
Good retention 24h after learning but poor retention 7 weeks
after learning.

Richardson and Gough (1963) found:

Control (Evening learners): Learn (high rate of protein
synthesis) = Good retention 24-4Sh after learning and
good retention one veek after learning,

Experimental (Morning learners): Learn (Low rate of protein
synthesis plus high rate I6h after learning) = Good
retention 24-48h after learning but poor retention one week
after learning.

Design and Predictions

To continue in the same way as above, my design and predictions

were:

Sleep + Placebo (Control 1): Learn (low rate of protein
synthesis + high rate I6h after learning) = Good retention
one week after learning.

No S^ep + Placebo (Experimental 1): Learn (low rate of
protein synthesis + high rate 40h after learning) = Poor
retention one week after learning.

Sleep + Doxycvcline (Control 2): Learn (lower rate of
protein synthesis (compared to Placebo groups) + high rate
I6h after learning) = Poor retention one week after learning.

No Sleep + Doxycvcline (Experimental 2): Learn (lower rate
of protein synthesis, compared to Placebo groups + high rate
of protein synthesis 40h after learning) = Poor retention
one week after learning.

% interpretation of Richardson and Gough's (1963) data assumes

a comparison between high and low rates of protein synthesis immed-
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lately after learning. Even though their data showed the morning

learners to be inferior to evening learners, this did not mean that

the pulse of high rate protein synthesis (16h after learning) had no

effect on very long-term retention, % groups Sleep + Placebo, and

No Sleep + Placebo would indicate whether a pulse of high rate protein

synthesis had any effect on retention I6h after learning compared to

4-Oh after learning, I predicted that the pulse 40h after learning

would have no effect (as consolidation should have been completed)

but the pulse I6h after learning would have an effect.

The No Sleep + Dosycycline group was predicted to be most

impaired group as theDoxycycline should lower the normal rate of

protein synthesis and the high pulse during sleep would not occur

until 40h after learning.

The Sleep + Doxycycline group should be impaired compared to

the Sleep + Placebo and might not be impaired compared to No Sleep +

Placebo,

So, Sleep + Placebo should remember most. No Sleep + Placebo,

and Sleep + Doxycyline should be impaired relative to Sleep + Placebo,

and should be impaired less than No Sleep + Doxycycline.

Put another wayi

Sleep + Placebo )> No Sleep + Placebo =2= Sleep + Dojsycycline }
No Sleep + Doxycyline,

Method

Xoung adult volunteers were used as subjects for this experiment.
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There were six in each group.

The same nonsense syllables and instructions used in Experiment

1 wero employed. The same experimenters that helped in Experiment 3

were again employed.

After subjects had received their placebo or doxycyline capsules

they were kept entertained by filling in CAQs, Eysenck1s Personality

Inventory, Raven's Progressive Matrices, Mill Hill Vocabulary tests,

DSSTs and the Auditory-Visual vigilance tasks (all described in the

previous chapter). As these tasks were ttsed simply to fill time

(unkown to the subjects), they were never analysed. After learning

the nonsense syllables, the subjects were isolated for an hour, during

which they performed the Auditory—Visual vigilance task.

Subjects who were to bo sleep-deprived assembled at theRoyal

Edinburgh Hospital at 2300h. They were kept until OSGGh after which

they were allowed to leave. It was too expensive to keep subjects all

day and therefore this was a weak point in the experiment. However,

all subjects promised not to sleep and no subject admitted to sleeping

during the day.

One subject felt ill after taking the doxycycline and was

dropped from the experiment. Another subject was dropped for rehear¬

sing the nonsense syllables.

Statistics

A 2 x 2 (Sleep, Ho Sleep x Placebo, Dexycyiine) ANOVA was to

be employed as the main statistical took and redundant statistics

would be used for individual comparisons.
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Begultp

The raw data will be found in Appendix 73 and the means and

standard deviations are given in Table 8.12 below.

No Sleep No Sleep Sleep Sleep
+ + + +

Placebo Doxycycline Placebo Doxycycline

Initial 33.00 30.67 32.00 40.50
learning (7.75) (8.31) (14.60) (10.71)

Free 7.33 8.17 5.67 6.33
recall (3.45) (2.32) (3.27) (2.34)

Paced 5.67 5.83 4.00 5.50
recall (2.07) (2.40) (3.16) (3.02)

Savings
%

76.19 73.79 76.34 69.36
(12.19) (15.02) (9.43) (13.84)

Table 8.12 Experiment 7. Results, means and standard deviations
(in parentheses)

2x2 ANOVAs on Initial learning, Free recall, Paced recall and

Savings % showed no significant effects (details are in Appendix 74)•
No further statistical analysis was carried out. On all variables,

the null hypothesis was readily accepted.

The results show:

1) Sleep 40h after learning has no discernible effect
compared to sleep 16h after learning.

2) Doxycycline taken in the morning, two hours before
learning, causes no discernible effects on the
retention of nonsense syllables.
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D&pcttpgion

There might be two reasons why this experiment showed no

significant effects. First, as the experiment was based on one of

Flood et al's (1975a) findings, I should have tried to U3e a 7 week

retention interval. Second,as the experiment was based on one of

Richardson and Gough's (1963) findings, I should, perhaps, have had

subjects learn in the evening, and then have sleep-deprived one

group.

In a negative way Experiment 7 was useful. Using nonsense

syllables, it confirmed Allen1s (1976) daytime study with doxycycline.

Oyey^Ur Qo^lugionp

Experiment 6 partly replicates Allen's (1976) results. However,

her results have always been in doubt, a3 there were methodological

flaws in her design. In a double-blind and counterbalanced study, I

have found that doxycycline (a presumed protein synthesis inhibitor)

impairs memory. The results are not explicable in terms of state-

dependency or impaired performance as the Savings % measure used was

designed so as to obviate these effects. Although Savings % calculated

using the First sentence is a less efficient measure, it too showed,

albeit weakly, that doxycycline impaired REtWBep subjects.

As far as I am aware, this is the first demonstration that an

antibiotic will impair memory in humans. The impairment has probably

been demonstrated only because doxycycline was acting on a fragile

memory trace and during sleep. Experiment 7 and Allen's (1976) day¬

time study both indicate that in a situation where the memory trace
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may be presumed to be strong, doxycycline, at the dose used, is not

sufficiently potent to exert a deleterious effect.

Experiment 7 also shoved that sleep I6h after learning had

effects which were indistinguishable from sleep 4Qh after learning.
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CHAPTER 9

SLEEP AND ITS EFFECT ON MEMORY

Introduction

This chapter serves as a conclusion for the thesis. First, I

will run over the model on which my experiments were based. Then I

will discuss my results and some of the problems in interpreting them.

Finally, I will amend my initial model.

The initial model

There is a lot of evidence which indicates that sleep may be a

time for enhanced protein synthesis in humans as well as other animals

(Chapter 2). The evidence linking long-term memory and protein syn¬

thesis could also be regarded as strong (Chapters 1 and 3). On this

basis it is possible to predict that sleep should give a beneficial

effect on the consolidation of long-term memory.

Since Ebbinghaus (1885) published his experiments on memory,

there has been reason to believe that circadian variations in human

memory performance exist. The evidence that has led many people to

believe that sleep affects memory is based on a paradigm developed by

Jenkins and Dallenbach (1924). This paradigm uses two groups:

AWAKE (Day) Morning-learning Afternoon-relearning or recall
SLEEP (Night) Evening-learning Moming-relearning or recall

The result gained from the above type of experiment is reliable.
The Sleep group appears to retain more than the Awake group. Unfor¬

tunately, this experiment confounds the effects of time of day. It is
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also very difficult to interpret in terms of a sleep-protein synthesis-

memory model. I provided evidence in Chapter 2 which suggested that a

number of agents might modulate the rate of protein synthesis in

humans. Cortisol was deemed as important because of its negative

effects on protein synthesis. If we omit consideration of other

regulators, the above result could be explained simply as a difference

between night and day rather than sleep and wakefulness, because

plasma Cortisol levels are low in the evening and high in the morning;

with low levels of Cortisol, protein synthesis could be expected to

occur at high rates, whereas with high levels of Cortisol, protein

synthesis could be expected to occur at lower rates.

The Jenkins and Dallenbach experiment is confused by other

factors, 3ome of them in favour of sleep as the beneficial agent,

others in favour of night time as the beneficial agent. In humans,

growth hormone can be expected to raise the overall rate of protein

synthesis and thus it could be said that this aspect of sleep causes

the beneficial effect on memoiy. Vasopressin exhibits a large noc¬

turnal secretion in man but at present it is not known whether this is

sleep-dependent or sleep-independent. It is known that vasopressin

may improve the consolidation process and it is also known that it

affects some of the electrophysiological characteristics of hippocampal

activity during REM sleep (De Wied, Bohus, Urban, Van Wimarsma

Greidanus and Gispen, 1975). However, until it is known whether

vasopressin is sleep-dependent or not, it is not possible to state

that sleep exerts its effects through vasopressin. Vasopressin's

effects on the hippocampus during REM sleep may only be coincidental.

ACTH, in rats, may affect the acquisition of a conditioned

avoidance response (De Wied and Bohus, 1966; De Wied and Witter, 1970;



- 282 -

Bohus, 1970), but in man Its circadian variation cannot explain the

superiority of the Evening-learning group compared to the Morning-

learning group as the results are opposite to the one that might be

predicted (ACTH levels are low in the evening and high in the morning).

However, in man, it has been shown that ACTH^q (the fragment which
affects acquisition in rats) does enhance attention (Sandman, George,

Nolan, Van Riezan and Kastin, 1975). The Sleep group's superior

performance could then be accounted for by the high levels of ACTH in

the morning, whereas the Awake group's poorer performance could arise

from the lower levels of ACTH in the afternoon. The pattern of ACTH

secretion is independent of sleep, so the difference between groups

might result not from sleep but from the circadian secretion of ACTH.

Similarly, I have pointed out that short-term memory performance

is superior in the morning compared to the afternoon, and that short-

term memory has been implicated in both relearning and recall. In

Chapter A I suggested that the circadian variation of short-term memory

might be dependent on sleep. If this is true, then differences

between groups could be said to arise from sleep (through its effect on

short-term memory), but it would be wrong to infer that sleep has

affected the consolidation of long-term memory.

Jenkins and Dallenbach originally performed their experiment in

order to test one aspect of Interference Theory. They were only

interested in sleep's ability to isolate the individual from the

environment. Sensory isolation of the Sleep group is another potential

explanation of their results.

Yet another way of accounting for Jenkins and Dallenbach's

results was to suggest that there was something different about

learning in the evening compared to the morning. Arousal is said to
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affect long-term memory and is correlated with body temperature; so

arousal level could be claimed to be high in the evening and low in

the morning. High levels of arousal at the time of learning are

associated with poor long-term retention. So, again, Jenkins and

Dallenbach's results can be interpreted without involving sleep.

All in all, I was dissatisfied with the type of paradigm used by

Jenkins and Dallenbach because the results could be interpreted in so

many different ways, some involving sleep, and others not. When I

looked to see whether there were any clearer experiments, I was sur¬

prised to find there were not. The simplest strategy to use, in order

to determine whether sleep had an important effect on the consolidation

of long-term memory, is to sleep-deprive one group during the night

and compare them to a group that is allowed to sleep. A more elegant

design, such as sleep-depriving one group during the night and allowing

another group to sleep during the day, was not plausible. For one

thing, it would be highly improbable that the group "allowed" to sleep

during the day, would actually sleep. To ensure that they slept, they

would have to be previously sleep-deprived. If they were previously

sleep-deprived, then they would be learning in an abnormal condition.

The abnormal condition could confound the results. Williams, Lubin

and Goodnow (1959) showed that two or more nights of sleep-deprivation

did impair long-term recall. However, their subjects may have been

impaired only because they were learning after being previously sleep-

deprived.

Vojtechovsky, Safratova, Votava and Feit (1971) used the simple

strategy of sleep-depriving one group and allowing sleep in another

but their recall results were confusing. I was unable to decide

whether they had actu ally shown differences in long-term memory or
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short-term memory.

The remaining sleep and long-term memory literature did little

to persuade me that a connection between the two topics existed. The

experiments on REM-deprivation were, on the whole, unconvincing. Only

a few studies showed that RM might be important and those studies

used stimulus material that was difficult to analyse. Even if those

studies were accepted, then they only showed that REM might be impor¬

tant in recall performance and not necessarily consolidation. The

authors of the RSK-deprivation experiments were assuming that sleep

was important for memory and were trying to discover what aspect of

sleep was important. Effectively, these experiments were ahead of

their time.

I felt an experiment needed to be done which would clarify the

field. An experiment which would allow me to conclude that sleep

aided the consolidation of long-term memory.

Experiments 1 to 7

Experiment 1 was designed to answer a number of questions, the

most important being whether sleep benefited the consolidation of

memory. Benson and Feinberg (1975) provided the nucleus of a design

which I decided to extend. Their experiment indicated that sleep could

exert an effect as many as 16h after learning. Although their results

could be interpreted in a number of ways, their experiment suggested

an avenue which could be used to answsr more categorically the question

of whether sleep had anything to do with long-term memory.

The most important comparison in Experiment is Mor 24 vs Mor SD
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(Morning learning, relearning and recall, 24h retention interval, the

former group being allowed sleep and the latter group being sleep-

deprived). The sleep-deprived group was impaired both on Savings %

and Paced recall. Experiment 5 showed that the difference in Savings %

was reliable with only 6h sleep. Judging from the trends observed in

Experiment 5,1 think it is likely that if I had used a group that

was allowed 8h sleep, then the Paced recall measure might also have

proved to be reliable.

Experiment 2 showed that the difference between Mor 24 and Mor SD

was unlikely to have arisen from the sleep-deprivation procedure per se.

Experiment 2 was contaminated a little by differences emerging between

the two locations in which the experiment was conducted. However, in

both locations (or even if the results were pooled), it was quite

clear that sleep-deprivation of itself did not affect recall or

Savings %. The results of Experiments 1 and 2 combined show that

sleep will exert an effect on the consolidation of long-term memory.

In Experiment 1, one supposes Mor 2J+ is superior because it is recalling

from a consolidated trace, whereas Mor SD i3 inferior because it is

still consolidating its memory trace. In Experiment 2, both groups

perform equally well on retention tests because both groups were

allowed to sleep and thusuconsolidate their traces on the first night.

The results of Experiment 7 were difficult to interpret when the

groups No Sleep + Placebo and Sleep + Placebo were considered. Many

things could have occurred. The No Sleep + Placebo group may have

consolidated their traces before sleep occurred 10h after learning,

suggesting that, without sleep, consolidation will take place within

4-Oh. Another suggestion is that sleep 4-Oh after learning was still

important for good consolidation. There is, unfortunately, no way of
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telling which interpretation is the correct one. However, the matter

could be resolved by doing experiments using a 48h retention interval.

Experiment 1 also showed that:

1) Circadian variations in learning nonsense syllables
are not easily detectable.

2) If sleep is kept a constant factor (either by including
or excluding it), then circadian variations in long-
term retention measures are not detectable.

3) The effects of arousal at the time of learning or
recall are not as important as the effects of sleep.

4) The sensory isolation element of sleep is not an
important factor.

5) The differences arising between the Sleep and Awake
groups in Jenkins and Dallenbach's experiment are not
necessarily dependent on differences between night
and day.

6) Night time alone does not aid long-term memory.

7) The difference between groups Mor 8 and Mor 24 in
Benson and Feinberg's (1975) experiment was caused by
sleep.

The results of Experiment 1 were not readily explained by

Interference Theory but were explicable in terms of Consolidation

Theory. In this experiment, roughly 60% of the learnt material was

available for recall when sleep had not taken place in the retention

interval; roughly 85% was available when sleep had occurred during the

retention interval. It did not matter whether sleep took place either

early or late in the retention interval. In the normal course of

events, the subjects in groups Mor 8 and Mor 16 would have eventually

slept (thus becoming Mor 24). The retention measures would then have

shown improvement. Obviously, the learnt material must have been

stored in Groups Mor 8 and Mor 16 but was unavailable for recall. The

same must also be true for the sleep-deprived group (Mor SD).

Experiment 7 indicates this, for there were no differences between the

Sleep + Placebo and No Sleep + Placebo groups. The difference between

Mor 24 and Mor SD cannot be completely accounted for by saying that
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sleep-deprivation had interfered with the retrieval process. If

sleep-deprivation had affected the retrieval process, then significant

differences should have emerged between the Control and Experimental

conditions in Experiment 2.

The results are explicable if it is assumed that at the time of

learning two memory traces are set up, one available for recall and

another not. Let me further assume that one of the traces has a

short-life and gradually decays over time. This trace would be

available for recall. The second trace has a long life but is at

first unavailable for recall. Taking up a suggestion made at the end

of Chapter 3, let me assume this second trace is mediated by stable

m-RNA and, further, let me assume that the m-RNA is produced in a

redundant fashion. During the day, the short-terra trace would wane

but at the same time some m-RNA would be translated into protein.

Also, some m-RNA would be degraded but loss of information would not

occur because of the original and redundant manufacture of the m-RNA.

So, during the day (and after a sleep-deprived night) subjects would be

able to recall from two sources: 1) a short term trace} and 2) a

protein-dependent trace. After sleep, and after the rate of protein

synthesis has increased, subjects would be able to draw from the same

two sources, except that more information would be available to them

because relatively more protein would have been manufactured.

The above explanation is by no means a neat one. It assumes

three mediators of the learnt information: two of these are available

for recall (short-term trace and a protein-mediated trace) and one is

not (m-RNA dependent trace).

Experiment 5 showed that 3 • 6h sleep was sufficient to cause an

improvement inSavings % over a Sleep-deprived group. This experiment
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also indicated that REM might be the important component of sleep for

inducing this change. However, the experiment did not exclude the

possible beneficial effects of SWS. Certainly, a strict statistical

interpretation of the results indicated the importance of REM (when

allowed in sufficient quantities). If this is true, then this

experiment demonstrates for the first time that REM has a beneficial

effect on retention after the material has been learnt using a

classical learning technique.

Experiment 5's results could be strengthened in two ways.

First, a control experiment, similar to Experiment 2, should be per¬

formed. This would check whether 1 - 3h's sleep is detrimental to

relearning or recall performance. There is no evidence to suggest

that this might be the case but it would nonetheless be a useful

manoeuvre. Second, as in any titration experiment, further more

careful titrations should be attempted.

Experiment 4 showed that the comparison between Mor 16 and

Mor 24 was fairly stable. In a similar way to Experiment 5» it showed

that approximately lh's sleep did not improve memory. However, my

subjects may not have been fully awake at the time of recall, so it is

dangerous to rely on this experiment's results.

Experiment 3 indicated that sleep does not exert any significant

effects on a list of meaningful words. This experiment showed that I

cannot easily generalize my results with nonsense syllables to all

verbal material. Again, in Chapter 3, I mentioned that in animals,

consolidation times may be, in part, a function of the type of

learning material. It is likely that my list of words was consolidated

very rapidly, so rapidly that subjects must have consolidated the

material within approximately one and a half hours of learning it (one
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and a half hours assumes half an hour before sleep onset and one hour

before REM). Benson and Felnberg's (1977) experiment indicated that

meaningful material learnt as paired-associates might take approxim¬

ately 8h to be consolidated.

I am in disagreement with Benson and Feinberg's (1977) sugges¬

tion that their results with paired-associates indicate that the non¬

sense syllables in their original experiment (1975) must have been

consolidated within 8h, Had they extended their original experiment

and used nonsense syllables again, I am sure they would have found no

significant difference between groups Mor 8 and Mor 16. Even if they

had, this would not have indicated that sleep was not important after

morning-learning, only that some local (in time) effect had caused the

improvement. Both their experiments lacked the crucial sleep-

deprived group. I have suggested before that a possible cause of a

"local effect" could be arousal (Chapter 5).

Possibly, if Benson and Feinberg (1977) had used nonsense

syllables as their stimulus terms and meaningful words as their

response terms, then they may have achieved results similar to

Slameeka's (1966) results, shown in Figure 9«1.

Slameeka (1966) performed his experiment for no reasons connec¬

ted with sleep and memory. He was surprised to find that all groups

who recalled between 18 and 2Ah after learning showed an improvement

compared to the groups who recalled 6h after learning. He used a

retroactive inhibition paradigm similar to Ekstrand's (1967), desc¬

ribed in Chapter 4-. Only group "OL", who learnt list A-B, then

another list, A-C, and then had to recall A-B, showed a significant

improvement (when groups had presumably slept). However, the other

groups were achieving near perfect recall, so a "ceiling effect" was
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probably being observed.

There are two sources from which examples can be drawn of

experiments not directly connected with human sleep and memory, which

show improvement in memoiy over a 24h period. Slamecka (1966)'s

experiment was taken from experiments that look for spontaneous

recovery in recall. It is notable that In a recent review (Brown,

1976) most cases of recovery occurred in 24h retention intervals;

whereas, comparatively few cases of recovery are found in retention

intervals varying from 22 seconds to 2 weeks. The other source is

from an older literature, which, unfortunately, has many experiments

which are difficult to analyse; this literature deals with the

phenomenon of reminiscence (the last review I am aware of is Buxton's,

194.3). Again, examples of improvements in memory may be found

occurring over time periods in which sleep has occurred (for example,

Control group in Figure 9.2).

Experiment 6 showed that small differences in the length of the

retention interval do not affect retention measures. This is in

keeping with the results of my other experiments. Experiment 6 also

showed that differences in sleep time of the order of half an hour do

not affect retention measures. Experiment 6's most important result

was that doxycycline (a presumed cerebral protein synthesis inhibitor)

impaired retention as measured by Savings % (Second sentence). This

retention measure was the only measure that catered for differences in

performance between conditions. As Savings % (Second sentence) was

constructed to adjust for differences between Groups and Conditions, it

should only be reflecting differences in retention. Thus, it is

unlikely that any peripheral side effect was affecting the results.

Allen's (1976) results were not confirmed. However, as Allen
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did find differences between doxycyeline and placebo in her REM-Dep

group, and as I found similar differences in both Savings % (Second
sentence) and Savings % (First sentence), it is likely that tills

difference is reliable. I cannot be certain that this is true with my

REJML5 group: it would be necessary to repeat the experiment again to

establish the reliability of this result. However, it is notable that

the difference is large.

The weak point of Experiment 6 is the assumption that doxycycline

is exerting its action through inhibition of cerebral protein

synthesis. The only way to check this assumption is to measure the

rate of protein synthesis directly.

Allen (1976), and to some extent Experiment 7, showed that

doxycycline was not detrimental to retention after daytime learning.

The difference between the night and daytime studies probably arises

because in the former experiments subjects are learning material after

previously having slept for around an hour. Ekstrand (1977) has shown

that a short period of sleep prior to learning will not affect the

learning (as measured by the number of trials to reach criterion) but

will affect subsequent recall. I interpret this to mean that only a

fragile memory trace is formed at the time of learning. Possibly

doxycycline's deleterious effects are only revealed when it acts on

already weak trace.

Overall, one weakness in my experiments has been that not all

the retention measures have been significantly affected. In the course

of discussing my experiments, I have had to suggest that Savings % is

more sensitive than Paced recall which in turn is itself more sen¬

sitive than Free recall. Possibly, with larger subject numbers each

of my experiments would be replicable with the weaker measures. The
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only indication I have that this might occur is the fact that all

these measures have produced results which on inspection are similar.

The final model

The underlying theory on which my work has been based does not

need to be amended. However, some caveats must be added. I do not

think there is any doubt that sleep will improve the consolidation of

long-term memory traces, but it is necessary to be careful in the

choice of material that must be remembered. I have found, as others

before me, both in sleep and memory research and other areas of

research, that not all verbal material will show improved recall when

it is expected. This does not mean that the basic theory is wrong, or

that it is not widely applicable. The problem resides in the fact

that we do not yet know exactly what information is actually being

learnt in a learning situation. Intuitively, it seems reasonable to

suppose that nonsense material may require more processing than

meaningful material; also it would seem reasonable that differences

between the amounts of processing will occur within meaningful

materials.

In the sleep and memory field, there are two areas that need a

substantial amount of research. For those interested in sleep, it is

only necessary to take materials, such as nonsense syllables, and use

them to elucidate how sleep affects them. For those interested in

memory, it is necessary to choose a simple paradigm, such as the

comparison between Mor 24- and Mor SD (or one that I have not used,

Eve 24. and Eve SD), and use that to elucidate what aspects of memoiy

are affected.
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Appendix 1 A description of lntroductlory meetings
with subjects

Initially when meeting subjects I had a list of points to men¬

tion. After introducing myself the subject was asked whether he/she
was taking any drug3, e.g. antibiotics. If the answer was no, the

following points were made:

Subjects were to perform in a psychological
experiment.

2) There were three tests to perform.

3) If the three tests were performed sequentially,
about 3h would be involved.

4) No one would be performing the tasks sequentially}
eveiyone would have two testing sessions.

5) The two testing sessions might either be on the
same day or on separate days.

6) The first testing session would take about 2,5h
and the second testing session 0.5h.

7) I would specify specific time as I was interested
how the time of day affected performance on these
tasks.

8) The three tasks would be: a) a learning task; b)
a visual motor task} and c) a personality test.

9) Hie subjects might not be allowed to sleep.

10) The subjects would be paid £3.00 if they were
allowed to sleep and £5.00 if they were not
allowed to sleep.

11) If subjects were not allowed to sleep, the depriv¬
ation period would either be a Friday or Saturday
night.

12) Subjects might have to get up early or go to bed
late.

If potential subjects found the conditions acceptable, they

were then given the times of testing and the date. If the times and

date were unacceptable, they were then given another alternative. If
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this too was unacceptable, I told the subjects that I could not fit

them into my schedule but also reminded them of the monetary reward.

In most cases it was then possible to fit them into my schedule.

If the subjects agreed to all the above conditions, the follow¬

ing points were then made to all of them:

1) Not to stay up later than normal the night before
the appointment.

2) Not to drink any alcohol either the night before
or during the day of the appointment.

3) To be available in their rooms at the appointed
time.

4.) Not to take any naps during the day of the
appointment.

To subjects who were to be sleep-deprived all the above points

were made. In addition, they were told not to prepare for their one

night's vigil in any way.

If all the conditions were acceptable to subjects, the date and

time were reiterated. If the date was longer than a few days away, the

subjects ware told that they would receive a note to remind them of the

appointment. The subjects were then asked whether they had any

questions.
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Appendix 2 Testing schedule for Experiment 1
(Nonsense syllables and sleep)

Time Day 1 Day 2 Day 3 Day 4 Day 5

06.30 Eve 81 Eve 8^
07.00

07.30 Mor 8i Mor 2*2 Mor 242 Mor 83 Eve 82
08.00 Mor 16i Mor !62 Mor 243 Mor 24^
08.30 Mor *6. Mor 24,t "i Mor 82 Mor 3-6

M.30

15.00 Eve 161 Eve 162
15.30 Mor 81 Mor s
16.00

16.30 Mor 82
22.30 Eve 81 Eve 242 Eve 242 Eve 83 Eve 247
23.00 Eve 161 Eve 162 Eve 243 Eve 24^
23.30 Eve 24, Eve 24-, Eve 82 Eve 16^
24.00 Mor

h
h Mor 162

00.30 Mor 3.63
Time Day 6 Day 7 Day 8 Day 9 Day 10

06.30

07.00 Mor sd1 Mor SD1
07.30 Mor sd2 Mor SD^ Mor 164 Eve 8^
08.00 Mor sd3 Mor SD Mor

*T

^4 Mor ^4 Mor 8^
08.30 Mor 8a Mor 255 Mor 24^
14.30 Eve 16_

h

15.00
y

15.30 Eve 163 Eve 164
16.00

"T

Mor 8-

16.30 Mor 84
J

22.30 Eve 247 Eve 164 Eve 165 Eve 24^
23.00 Eve ^4 Eve < Eve 8^
23.30 Mor 164 Eve 84 Eve 16^
24.00

*r

00.30

continued
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Appendix 2 continued

Time Day 11 Day 12 Day 13

06.30

07.00 Eve 86 Eve 85
07.30 Mor 165 tor ^8 Mor ^6
08.00 Mor *6 tor 16?
08.30 Mor 166
H.30 Eve 165 Eve 16?
15.00

15.30 Eve

16.00 Mor *6
16.30

22.30 Eve ^6 Eve 16?
23.00 Eve Eve 2Urj Eve 2/Lriy

23.30 Mor 165 Eve 2^5 Eve 2U

24-. 00 tor 167
00.30 tor 166

Day 14 Day 15 Day 16

Mor SD^ tor SD4
Mor SD$ Mor sd5 Mor 87
Mor SD^ Mor SD6 tor I6g

tor 8.

Eve 8.

Mor 16,8

Note The subscript is the subject number. Each subscript appears
twice In the Table, the first appearance refers to the time
of learning and the second appearance to the time of recall.
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Appendix 3 A description of the subject*a instructions at
Vafi initial testing se^ion

There were three components in the initial testing session.

Part A describes the initial questioning; Part B describes the sub¬

jects instructions for learning the nonsense syllables; and Part C

describes what the subject was told to do after the experimenter had

left. Apart from the learning of the list, the subject-experimenter

interaction was kept as friendly as possible.

Part A

The subject was asked whether he had adhered to the instructions

given by the experimenter when he was booked for the experiment. The

following questions were asked:

1) Are you well?
2) Have you recently had a cold or flu?
3) Are you taking any drugs, such as tranquillisers,

antibiotics?
A) How have you been sleeping lately?
5) Have you had any alcohol to drink lately?
6) When did you go to bed last night?
7) When did you get up to-day?
8) Are you still OK for your next appointment?
9) (If an evening-learner) Have you had any naps

to-day?
10) Any questions?

If all the questions were answered satisfactorily, I proceeded

to Part B.

Part B

The subject's instructions were as follows:

"In this test I am interested in how quickly you can learn a
list of nonsense syllables. Nonsense syllables are triplet of
letters which don't make any sense. Don't waste your time try¬
ing to find any associations with the triplets, they're spec¬
ially chosen so as to have few associations. Moy, spelt m, o, y
is an example of the type of triplet I mean. You'll be able to
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pronounce the triplets but I want you to spell them out for me.
The list of triplets will be presented on the memory drum"
(pointing to the memory drum). "When I start the machine off,
you will see a line of asterisks, then a series of pluses. The
line of pluses indicate that the first triplet is about to
appear. When the triplet appears, I would like you first to
spell the triplet out aloud to me. After the first triplet an
asterisk will appear and after this another triplet, then another
asterisk, then another triplet and so on, until the end of the
list. You*!! know when we've reached the end of the list bec¬
ause there won't be as asterisk after the last triplet. Any
questions?"

Any queries were then answered. This was followed by the follow¬
ing instructions;

"After you've spelt out the list of triplets once, I want you to
then start anticipating each triplet before it actually appears
on the memory drum. So, when you see the line of pluses, I want
you to anticipate the first triplet, by spelling it out. The
first triplet will then appear and you'll discover wh ther you
are right or wrong. Then an asterisk will appear. That's your
cue for anticipating the third triplet, and so on. Don't worry
if you're not sure what I mean, you'll understand as soon as
you've seen the list once. Ther'11 be a pause between the end
and the beginning of the list. We'll stop when you've learnt
the list perfectly. After you've read out the list the first
time, I'll ask you if everything is alright. Now I'll start the
machine off. Remember, spell out each triplet as it appears on
the drum,"

The list was then presented once. At the end of the list, the
following was said;

"OK? From now on, try to anticipate each triplet before it
comes up. We'll stop when you can anticipate the whole list.
Don't worry how long it takes."

The subject then learnt the list. When this had been done the
following was said;

"That was excellent. You'll be glad not to see that again."

Part C

The following points were made at the end of the learning

session to all subjects;

1) Not to drink any alcohol between the time of the
first test, and the time of my second visit.

2) That my second visit would involve giving them a
personality test.
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3) Not to discuss with anyone what they had to do in
the learning session*

To Mor 8, Mor 16 and Mor SD subjects:

1) Not to take any naps during the day.
2) To go to their common room for their second test.

To Mor SD subjects:

1) To go to their common room at 2330h.

To Eye 8, Eye 16 and Eye 24. subjects:

1) To go to bed as soon as the experimenter left.
2) Not to read anything before going to bed.
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Appendix U A description of the subjects instruct long at
the recall session

All subjects were first asked whether they had taken any alcohol

or drugs since ray last visit.

Mor 8, Mor 16 and Mor SD subjects were asked whether they had

taken any naps since ray last visit.

Eve 8, Eve 16 and Eve 24 subjects were asked whether they had

slept well.

Free recall measure

After asking the above questions, I then asked the subjects!

"Could you freely recall, in any order and in your own time,
the nonsense triplets you learnt earlier to-day (or yester¬
day)?"

After the subjects got over their surprise, the question was asked

again. I allowed approximately 2 rains, for recall.

Pftcefl j^P^l ffeapuye ^ peleayning

After freely recalling the nonsense syllable list, I said to the

subjects, after plugging the memory drum into the electric socket!

"I'd like to carry on from where we left off at my last visit.
The same list of nonsense triplets is still on the machine.
Could you start trying to anticipate the list as soon as I
switch the machine on. Don't read the list the first time round
as you did last time I was here, but try to jump straight into
the list. We'll continue going through the list until I tell
you to stop. OK? Just start trying to anticipate the triplets
as soon as I start the machine".

After the subjects had reached a criterion of one perfect

recitation, I switched the machine off and paid the subjects. After

they had signed the receipt and I was leaving their room, the subjects

were asked whether they had reflected on or practised the list after I
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had left them on the initial visit. After the reply, I asked the

subjects whether they had suspected that they were to bo tested again

on the nonsense syllables and whether they had any comments to make.

I then told them that it was crucial that they did not tell anyone

that they had been tested again cm the nonsense syllables.
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Appendix 5 The nonsense syllables used in all "nonsense"
experiment?

Nonsense syllable Meaningfulness rating

Q0H 8

WYJ 6

XXK 6

BYW 9

XAD 7

JYK 6

VUQ 6

XOY 4

XYH 1

FYQ 10

WIJ 13

ZEJ 6

Hie meaningfulness rating varies from 1 to 100, Examples of
triplets with ratings of 50 are: DIB, ROH, SIX, Examples of triplets
with ratings of 100 arej COW, GAS, WIT,
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Appendix 6 Bgporlnent 1. Raw data

Subject Initial Free Paced Savings
number Group learning Relearning recall recall %

1 42 17 4 5 59.52
2 20 9 9 6 55.00
3 22 12 6 6 45.46
4

rior o
23 6 10 6 73.91

5 28 9 10 9 67.86
6 32 4 10 9 87.86

7 29 3 11 7 89.66
8 24 9 6 5 62.50
9 24 7 10 3 70.83
10 FS&JT XO 43 14 7 3 67.44
11 16 6 9 7 62.50
12 14 2 11 8 85.71

13 29 10 3 5 65.52
14 21 5 3 6 76.19
15 IS 9 9 2 50.00
16 viOT OU 36 11 9 6 69.44
17 26 6 10 A 76.92
18 31 9 9 17 70.97

19 23 4 10 8 82.61
20 26 5 6 7 80.77
21 iUw Oy 27 6 9 8 77.78
22

nor <£4 30 4 11 10 86.67
23 31 2 11 11 93.56
24 37 3 9 7 91.89

25 31 A 10 10 87.10
26 30 2 12 10 93.33
27 TtVr*<7| CJ 28 6 11 9 78.57
28 28 3 12 10 89.29
29 28 5 11 7 82.14
30 27 3 9 7 88.89

31 33 5 10 7 84.85
32 21 2 11 12 90.48
33 19 4 11 11 79.95
34

xjVV*
23 5 10 9 82.14

35 24 4 11 10 83.33
36 36 6 7 5 83.33

37 32 9 9 8 71.88
38 28 4 11 7 85.71
39 PVo 0) 16 1 11 12 93.75
40

JLtY& <0-f lb 2 11 11 87.50
41 17 4 12 10 76.47
42 16 2 12 10 87.50

The first throe subjects in each group are male
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Appendix 7 Experiment 1. One-way Analysis of Variance

Sum of Squares Degrees of Wean Square F Ratio Probability
Freedom

Between
Within
Total

283.6184 6 47.2697 0.9638 0.4637
1716.6653 35 49.0476
2000.2837 41

Initial Learning

Sum of Squares Degrees of Clean Square F Ratio Probability
Freedom

Between
Within
Total

209.9047 6 34.9841 4.0929 0.0033
299.1663 35 8.5476 ,

509.0708 41

Relearning

Sum of Squares Degrees of Clean Square F Ratio Probability
Freedom

Between
Within
Total

69.8095 6 11.6349 2.7178 0.0284
149.8333 35 4.2809
219.6428 41

Free Recall

Sum of Squares Degrees of Clean Square F Ratio Probability
Freedom

Between
Within
Total

121.9047 6 20.317 5.470 0.0004
130.0000 35 3.714
251.9047 41

Paced Recall

Sum of Squares Degrees of Clean Square F Ratio Probability
Freedom

Between

Within
Total

2944.0334 6 490.6721 5.6744 0.0003
3026.4819 35 86,4709
5970.5117 41

o

Savings /o
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Appendix 8 Experiment 1. Krushal^iallis oneway ANOVA

Group
Rank Sums

Initial
learning Relearning

Free
recall

Paced
recall

Savings
%

tor 8 135.5 194.0 87.0 96.5 64.0
tor 16 107.0 148.0 112.5 72.0 95.5

tor SD 136.0 195.5 64.0 51.5 63.0
tor 24 156.0 94.5 118.0 158.0 173.0

Eve 8 157.5 88.5 181.0 166.5 183.5

Eve 16 134.5 107.0 149.0 167.5 158.5

Eve 24 76.5 75.5 191.5 191.0 165.5

H statistic Significance level

Initial learning 5.46 0.487

Relearning 17.12 0.009

Free recall 15.51 0.017

Paced recall 20.19 0.003

Savings % 18.63 0,005

Degrees of freedom * 6
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Appendix 9 Experiment 1. F test for equality of variance.
'F1 values

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8
Mor 16 1.62 «»

Mor 3D 1.54 2.4-9 •

Mor 24 2.85 A.61 1.85 •»

Eve 8 29.72 48.00 19.31 10.41 •

Eve 16 1.48 2.40 1.04 1.92 20.02 •»

Eve 24. 1.29 2.09 1.19 2.21 23.01 1.15

Initial learning

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 <m

Mor 16 1.11 *

Mor 3D 3.86 3.47
Mor 24 10.55 9.48 2.73
Eve 8 9.74 8.75 2.52 1.08 •

Eve 16 11.30 10.16 2.93 1.07 1.16
Eve 24 2.55 2.29 1.51 4.13 3.82 4.43

Relearning

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 m

Mor 16 1.49 «

Mor SD 1.61 2.40 •

Mor 24 1.89 1.27 3.05 m

Eve 8 4.80 3.22 7.73 2.54
Eve 16 2.74 1.83 4.40 1.44 1.76 m

Eve 24 5.47 3.67 8.81 2.89 1.14 2.00

Free recall

continued
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xv.

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 «■»

Mor 16 1.58 -

Mor SD 1.03 1.47 m

Mor 24 1.10 1.74 1.19 -

Eve 8 1.37 2.17 1.48 1.25 m

Eve 16 2.29 1.45 2.12 2.52 3.14 •

Eve 24 1.17 1.36 1.08 1.28 1.60 1.96

Paced recall

Mor 8 tor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 «•

Mor 16 1.59 •

Mor SD 2.27 1.43 a.

Mor 24 5.60 3.52 2.47 mm

Eve 8 7.77 4.88 3.43 1.39 *

Eve 16 15.28 9.60 6.74 2.73 1.97 *

Eve 24 3.39 2.13 1.50 1.65 2.29 4.50

Savings %
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Appendix lo Experiment 1. F test for equality of variance.
probability values

Mor 8 Mor 16 Mor SD Mor 24 Eye 8 Eye 16 Eye 24

Mor 8 1.000
Mor 16 0.612 1.000
Mor SD 0.648 0.340 1.000
Mor 24 0.274 0.119 0.514 1.000
Eye 8 0.002 0.001 0.006 0.022 1.000
Eye 16 0.657 0.359 0.970 0.490 0.005 1.000
Eye 24 0.786 0.439 0.852 0.404 0.004 0.882 1.000

Initial learning

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Bye 16 Eve 24

Mor 8 1.000
Mor 16 0.910 1.000
Mor SD 0.165 0.198 1.000
Mor 24 0.022 0.027 0.294 1.000
Eye 8 0.026 0.033 0.333 0.932 1.000
Eye 16 0.019 0.024 0.263 0.9a 0.874 1.000
Eye 24 0.327 0.383 0.661 0.145 0.168 0.128 1.000

Releaming

Mor 8 Mor 16 Mor SD Mor 24 Eye 8 Eve 16 Eve 24

Mor 8 1.000
Mor 16 0.671 1.000
Mor SD 0.614 0.358 1.000
Mor 24 0.500 0.800 0.247 1.000
Eve 8 0.110 0.225 0.042 0.330 1.000
Eye 16 0.293 0.522 0.130 0.696 0.552 1.000
Eye 24 0.086 0.180 0.032 0.269 0.890 0.465 1.000

Free recall

continued
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xvii.

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8
Mor 16
Mor SD
Mor 24
Eve 8
Eve 16
Eve 24

1.000
0.626 1.000
0.936 0.683 1.000
0.117 0.558 0.857 1.000
0.739 0.415 0.679 0.815 1.000
0.384 0.695 0.428 0.334 0.235 1.000
0.868 0.747 0.932 0.791 0.619 0.477 1.000

Paced recall

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8
Mor 16
Mor SD
Mor 24,
Eve 8
Eve 16
Eve 24

1.000
0.623 1.000
0.390 0.707 1.000
0.082 0.193 0.343 1.000
0.042 0.107 0.203 0.729 1.000
0.010 0.027 0.056 0.295 0.476 1.000
0.206 0.426 0.669 0.595 0.384 0.124 1.000

Savings %

Degrees of freedom for all comparisons = 5t 5
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Appendix 11 Experiment 1* T-teat probability values

No Sleep Sleep

tor 8 Mor 16 tor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

tor 8
tor 16
tor SD
tor 24.
Eve 8
Eve 16
Eve 24

1.000
0.613 1.000
0.821 0.725 1.000
0.772 0.422 0.534 1.000
0.816 0.432 0.535 0.878 1.000
0.822 0.726 1.000 0.539 0.542 1.000
0.148 0.442 0.165 0.048 0.045 0.168 1.000

Sleep

Initial learning

No Sleep Sleep

Mor 8 tor 16 tor SD tor 24 Eve 8 Eve 16 Eve 24

No
Sleep

tor 8
tor 16
Mor SD

1.000
0.326 1.000
0.596 0.480 1.000
0.016 0.090 0.002 1.000
0.014 0.080 0.002 0.845 1.000
0.020 0.114 0.004 0.687 0.556 1.000
0.015 0.087 0.006 0.806 0.903 0.623 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

Relearning

No Sleep Sleep

tor 8 Mor 16 Mor SD tor 24 Eve 8 Eve 16 Eve 24

No

Sleep

tor 8
tor 16
Mor SD
tor 24
Eve 8
Eve 16
Eve 24

1.000
0.552 1.000
0.568 0.277 1.000
0.195 0.389 0.098 1.000
0.027 0.050 0.020 0.131 1.000
0.086 0.186 0.047 0.516 0.320 1.000
0.022 0.038 0.017 0.095 0.804 0.229 1.000

Sleep

Free recall

continued



Appendix 11 continued

xix.

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No

Sleep

Mor 8
Mor 16
Mor SD

1.000
0.267 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.059 0.012 0.003
0.024- 0.007 0.002
0.063 0.016 0.007
0.011 0.003 0.001

1.000
0.719 1.000
0.701 0.895 1.000
0.277 0.4H 0.623 1.000

Paced recall

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Mor 8
Mor 16
Mor SD

1.000
0.314- 1.000
0.662 0.451 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.009 0.027 0.003
0.007 0.020 0.002
0.013 0.039 0.005
0.013 0.051 0.007

1.000
0.771 1.000
0.587 0.338 1.000
0.686 0.504 0.990 1.000

Savings %

For all variablesi

"No Sleep" va "Sleep" « one-tailed
"Sleep" V3 "Sleep", and "No Sleep" vs "No Sleep" = two-tailed



XX.

Appendix 12 Experiment 1. Degree of freedom and 't' values

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 ^JV50 9.60 8.10 5.30 9.60 9.80
Mor 16 0.52 ^8.50 7.10 5.20 8.60 8.90
Mor SD 0.23 -0.36 9.20 5.50 10.00 9.90
Mor 24 -0.30 -0.85 0.65 6.00 9.10 3.80
Eve 8 —0.2A -0.85 0.66 006^ 5.50 5.40
Eve 16 0.23 —0.36 0.00 O.64 0.65 10.00
Eve 24 1.57 0.80 -1.50 2.30 2.60 1^49^

Initial learning

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 ^1^00 7.40 5.90 6.00 5.90 8.40
Mor 16 1.03 7.70 6.00 6.10 6.00 8.70
Mor SD 0.55 -0.74 8.20 8.40 8.10 9.60
Mor 24 2.80 1.52 -3.83 10.00 10.00 7.30
Eve 8 2.88 1.60 -3.99 0.20 9.90 7.50
Eve 16 2.64 1.34 —3.62 -0.42 -0.61" 7.10
Eve 24 2.64 1.49 -3.08 0.25 0.13 0.1l^

Eelearning

tor 8 Mor 16 Mor SD tor 24 Eve 8 Eve 16 Eve 24

Mor 8 .^60 9.50 9.10 7.00 8.20 6.80
Mor 16 -0.62 8.50 9.90 7.80 9.20 7.50
Mor SD 0.59 1.16 3.00 6.30 7.20 6.10
Mor 24 -0.90 -0.29 1.42 8.40 9.70 8.10
Eve 8 -2.32 -1.37 2.60 -1^67 " 9.30 10.00
Eve 16 -1.50 -0.94 1.93 -0.67 :uoT~ 9.00
Eve 24 -2.49 -2.07 2.74 -1.89 -0.25 -1.29

Free recall

continued
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Appendix 12. continued

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 -^50 10.00 10.00 9.80 8.70 9.90
Mor 16 1.18 9.70 9.30 8.80 9.70 9.80
Mor SD 1.81 0.44 9.90 9.60 8.90 10.00
Mor 24 -1.71 -2.70 3.53 9.90 8.40 9.80
Bye 8 -2.16 -3.12 4.05 -0/37^ 7.90 9.50
Eve 16 -1.70 -2.53 3.10 -0.40 —0.14 9.00
Eve 24 -2.74 -3.57 4.43 -1.15 -0.86 -0^51^-

Paced recall

Mbr 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 ^9^50 8.70 6.70 6.30 5.70 7.70
Mor 16 —1.06 ^9.70 7.60 7.00 6.00 8.80
Mbr SD -0.45 0.79 8.50 7.70 6.50 9.60
Mor 24 —3.14 -2.28 3.64 9.70 8.20 9.40
Eve 8 -3.36 -2.54 4.01 -0.30 9.00 8.70
Eve 16 -3.03 -2.12 3.63 0.57 1.01 7.10
Eve 24 -2.74 -1.83 3.00 0.42 0.70 OTOT^-

Savings %
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Appendix 13 BxoerImant 1. Mann-Whitney probability levels

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Kor 8
Mor 16
Mor SD
Kor 24
Eve 8
Eve 16
Eve 24

1.000
0.171 1.000
0.893 0.470 1.000
0.575 0.262 0.520 1.000
0.568 0.196 0.686 0.808 1.000
0.936 0.629 1.000 0.522 0.568 1.000
0.10b 0.683 0.107 0.107 0.119 0.090 1.000

Sleep

Initial learning

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No

Sleep

Mor 8
Mor 16
Mor SD

1.000
0.805 1.000
0.807 0.374 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24.

0.010 0.113 0.005
0.008 0.098 0.005
0.014 0.130 0.006
0.011 0.085 0.008

1.000
0.807 1.000
0.621 0.514 1.000
0.412 0.515 0.250 1.000

Relearning

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Mor 8
Mor 16
Mor SD

1.000
0.531 1.000
0.318 0.251 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.205 0.435 0.078
0.017 0.051 0.007
0.033 0.178 0.017
0.010 0.028 0.005

1.000
0.117 1.000
0.402 0.315 1.000
0.065 0.799 0.145 1.000

Free recall

continued
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Appendix 13 continued

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Mor 8
Mor 16
Mor SD

1.000
0.411 1.000
0.078 0.570 1.000

1.000
0.303 1.000
0,627 0.742 1,000
0.287 0.316 0.685 1.000

Sleep

Mor 2/+
Eve 8
Eve 16
Eve 24

0.053 0.016 0.003
0.017 0.011 0.003
0.061 0.022 0.012
0.012 0.006 0.002

Paced recall

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Mor 8
Mor 16
Mor SD

1,000
0.073 1.000
0.576 0.873 1.000

Sleep

Mor 24
Eve 8
Eve 16
Eve 24

0.013 0.039 0.002
0.008 0.039 0.002
0.019 0.099 0.002
0.018 0.046 0.008

1.000
0.749 1.000
0.748 0.470 1.000
0.873 0.521 0.630 1.000

Savings %

For all variablesi

"No Sleep" vs "Sleep" « one-tailed
"Sleep" vs "Sleep", and "No Sleep" vs "No Sleep" » two tailed
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Appendix 14 Experiment 1. Mann«.Khitnev 'U1 values

Mor 8 Mbr 16 Mor SD Mor 24 Eye 8 Eve 16 Eve 24

Mor 8 36
Mor 16 36
Mor SD 17 13 36
Mdr 24 M 11 14 36
Eve 8 14 10 16 16 36
Eve 16 18 15 18 14 15 36
Eve 24 8 20 8 8 9 8 36

Initial, learning

Mor 8 Mor 16 Mor SD Mor 24 Eye 8 Eve 16 Eve 24

Mor 8 36
Mor 16 16 36
Mor SD 17 12 36
Mor 24 4 11 2 36
Eve 8 3 10 2 17 36
Eve 16 5 11 2 15 14 36
Eve 24 4 26 3 13 14 11 36

Relearning

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 36
Mor 16 14 36
Mor SD 12 11 36
Mor 24 13 17 10 36
Eve 8 5 8 3 8 36
Eve 16 7 12 5 13 12 36
Eve 24 3 6 3 7 16 9 36

Pre© recall

continued
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Appendix lb, continued

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 36
Mor 16 13 36
Mor SD 10 15 36
Mor 24 8 5 1 36
Eve 8 5 4 1 16 36
Eve 16 8 5 4 15 16 36
Eve 24 4 2 1 11 12 15 36

Paced recall

Mor 8 Mor 16 Kor SD Mor 24 Eve 8 Eve 16 Eve 24

Mor 8 36
Mor 16 7 36
Mor SD 14 17 36
Mor 24 4 7 0 36
Eve 8 3 7 0 16 36
Eve 16 5 10 0 16 14 36
Eve 24 5 7 3 17 14 15 36

Savings %



Appendix 15

xxvi.

Experiment 1. Free recall measure, raw data

No Sleep

Original
order Mor 8 Mor 16 Mor SD

1
2
3
4
5
6
7
8
9
10
11
12

3 15 111
8 11 6 4 2 3
9 3 7 5 3-4
5 5 8 6 5 5
12 11 7 7 10
7 12 8 8 7
8 9 9 8
9 10 10 9
10 11 11 11

12 12 12

111111
2 2 3 5 3 2
3 3 4 3 A 3
4 4- 8 6 5 4
5 5 7 7 7 5
6 7 12 8 8 7
7 8 9 12 8
8 9 10 11
9 6 11 12
11 11 12
12 12

5 2 6 1 1 3
4 3 12 11 2 A
10 4- 5 3 A 5

5 A 5 6
6 5 6 7
8 6 7 8
9 7 8 9
11 8 9 10
12 9 12 11

12

Sleep

Original
order

Mor 24. Eve 8

1
2
3
4.
5
6
7
8
9
10
11
12

111111
2 12 4- 2 2 2
5 11 3 3 3 3
6 6 5 4 4 4
7 7 7 5 5 7
8 9 8 8 6 8
9 9 6 7 9
10 11 7 8 11
11 12 9 9 12
12 11 11

12 12

111111
U 2 3 4- 3 3
3 3 4- 5 4- 4-
4 4 5 6 7 5
5 5 6 7 5 6
6 6 7 8 10 10
7 8 8 9 11 11
8 9 9 11 12 12
9 10 10 12 8 8
10 11 11 9 9
2 12 12 2
12 7

continued
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Appendix 15 continued

Sleep

Original
order

Eve 16 Eve 24

1
2
3
4
5
6
7
8
9
10
11
12

111111
2 2 2 2 3 4
3 3 3 3 4 5
4 5 4 4 5 6
5 6 5 6 6 8
6 7 7 7 7 9
7 8 8 8 8 10
8 9 9 10 9
11 10 10 11 10
12 11 11 12 11

12 12 12

111111
2 2 3 2 2 2
4 4 2 3 3 3
5 5 4 4 4 4
7 6 5 5 5 5
8 7 6 6 6 7
10 8 7 7 7 8
11 9 8 8 8 9
12 10 9 9 9 10
.•A 11 10 10 10 11

12 11 11 12 12
12 12

Note Each number refers to the original serial position of the
nonsense syllable.
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Appendix 16 Experiment 1. Raw data - Corrected Free recall and
mistakes.

Group
Corrected- Free recall Free recall
Free recall Misses Errors

Mor 8

4 8 0
15 1 5
25 3 0
45 1 1
41 2 0
45 1 1

Mor 16

55 1 0
50 1 0
14 4 2
44 1 1
21 2 3
36 3 0

Mor SD

36 1 2
29 0 3
43 1 1
36 1 2
2 3 6
13 6

Mor 24

45 0 2
8 4 2
35 3 0
54 0 1
55 0 1
36 1 2

Eve 8

48 0 0
56 0 0
55 1 0
36 3 0
39 1 0
39 0 2

Eve 16

45 1 1
55 1 0
55 10
45 1 1
55 1 0
21 0 5

Eve 24

36 0 3
55 0 1
66 0 0
66 0 0
55 0 1
55 0 1

continued



xxix,

Anrienr^r 16 continued

Group
Paced recall Paced recall Paced recall
Misses Errors Intrusions

Mor 8

4- 1 2
15 0
3 2 1
4. 1 1
111
2 11

Mor 16

14-0
112
5 2 0
8 10
7 2 0
5 0 0

Mor SD

2 2 1
3 3 0
5 3 0
2 2 1
3 3 0
5 2 0

Mor 24-

2 11
4. 0 1
2 2 0
110
10 0
2 3 0

Eve 8

110
110
2 10
2 2 1
5 0 0
0 2 0

Eve 16

2 0 3
0 0 0
10 0
0 12
10 1
14-2

Eve 24.

12 1
3 11
110
10 1
0 0 0
10 0
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Appendix 17 Experiment 1. One-way Analysis of Variance -
Corrected-free recall and mistakes.

Sum of Degrees of Mean F Ratio Probab-
Squares Freedom Square ility

Between
Within
Total

4046.9023 6 674.4836 3.0029 0.0179
7861.4805 35 224.6137
11908.3828 41

Corrected-free recall

Sixm of Degrees of Mean F Ratio Probab-
Squares Freedom Square ility

Between
Within
Total

27.1428 6 4.5238 2.0879 0.0797
75.8333 35 2.1667
102.9761 41

Free recall, Misses

Sum of Degrees of Mean F Ratio Probab-
Squares Freedom Square ility

Between
Within
Total

31.6666 6 5.2778 2.2619 0.0599
81.6666 35 2.3333
113.3332 41

Free recall, Errors

Sum of Degrees of Mean F Ratio Probab¬
Squares Freedom Square ility

Between 58.1427 6 9.6905 3.7339 0.0056
Within 90.8332 35 2.5952
Total 148.9759 41

Paced recall, Misses

continued
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Appendix 17 continued

Sum of Degrees of Mean F Ratio Probab-
Squares Freedom Square ility

Between
Within
Total

14.. 6190 6 2.4.365 1.7228 0.144-7
4-9.4999 35 1.4143
64.1189 41

Paced recall, Errors

Sum of Degrees of Mean F Ratio Probab-
Squares Freedom Square ility

Between
Within
Total

6.6190 6 1.1032 2.1855 0.0679
17.6666 35 O.504B
24.2857 41

Paced recall, Intrusions
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Appendix 18 Experiment 1. Parametric and nonparametric analysis
on mistakes made in Free recall and Paced recall.

Probability Degrees of Freedom

t (separate) ss 2.68 0.013 26.2
t (pooled) S3 2.86 0.007 40
F (for variances) 33 2.70 0.028 17, 23
U = 337 0.001

Free recall, Misses

Probability Degrees of Freedom

t (separate) - 1.61 0.118 26.2
t (pooled) S3 1.73 0.092 40
F (for variances) S3 2.73 0.026 17, 23
U 3S 267 0.170

Free recall, Errors

Probability Degrees of Freedom

t (separate) 4ft 3.60 0.001 25.5
t (pooled) ss 3.37 0.0001 40
F (for variances) SS 2.97 0.016 17, 23
U S3 343 0.0008

Paced recall, Misses

continued
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Appendix 18 continued

Probability Degrees of Freedom

t (separate) - 2.85 0.007 33.9
t (pooled) » 2.90 0.006 40
F (for variances) - 1.30 0.544- 17, 23
U » 324. 0.004-

Paced recall, Errors

Probability Degrees of Freedom

t (separate) = -0.12 0.907 39.3
t (pooled) - —0.11 0.910 40
F (for variances) = 1.39 0.495 23, 17
U = 219 0.931

Paced recall, Intrusions
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Appendix 19 Experiment 1. Details of Sleep and No Sleep com¬
parisons using the Free recall scores.

Standard
Mean Deviation

10.291 1.517

24.) 8.111 2.632
Sleep (Groups Mor 8, Mor 16 and Mor SD)
No Sleep (Groups Mor 24., Eve 8, Eve 16 and Eve

F (for variances) * 3.01, df = 17,23»
t (seperate variances) = -3.14-* df = 25.4-1

Mann-Whitney test

U statistic = 92,

Group Rank sum

Sleep 639.5
No Sleep 263.5

P 0.0004. (one-tailed)

P < 0.015
P < 0.002 (one-tailed)

*
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Appendix 20 Experiment 1. Results divided into male and female
categories, means and standard deviations (in paren¬
theses).

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Initial
Learning

28.00 25.67 25.33 22.67 29.67 24.33 25.33
(12.17) (2.89) (5.69) (2.08) (1.53) (7.57) (8.33)

Relearning 12.67 6.33 8.00 5.00 4.00 3.67 4.67
(4.04) (3.06) (2.65) (1.00) (2.00) (1.53) (4.04)

Free
recall

6.33 9.00 5.00 8.33 11.00 10.67 10.33
(2.52) (2.65) (3.46) (2.08) (1.00) (0.58) (1.16)

Paced
recall

5.67 5.00 4.33 7.67 9.67 10.00 9.00
(0.58) (2.00) (2.08) (0.58) (0.58) (2.65) (2.65)

Savings
%

53.33 74.33 63.90 80.39 86.33 84.76 83.78
(7.18) (13.91) (13.17) (2.44) (7.41) (5.77) (11.07)

Male

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

Initial

learning
27.67 24.33 31.00 32.67 27.67 29.33 16.33
(4.51) (16.20) (5.00) (3.79) (0.58) (6.11) (0.58)

Relearning 6.33 7.33 8.67 3.00 3.67 5.00 2.67
(2.52) (6.11) (2.52) (1.00) (1.16) (1.00) (1.16)

Free
recall

10.00 9.00 9.33 10.33 10.67 9.33 11.67
(0.00) (2.00) (0.58) (1.16) (1.53) (2.08) (0.58)

Paced
recall

8.00 6.00 5.67 9.33 8.00 8.00 10.33
(1.73) (2.65) (1.53) (2.08) (1.73) (2.65) (0.58)

Savings
%

76.42 71.89 72.45 90.70 86.77 82.94 83.82
(10.06) (12.23) (3.95) (3.59) (4.01) (0.69) (6.37)

Female
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Appendix 21 Experiment 1. 2x7 ANOVA, Sex differences.

Sum of Degrees of Mean
Squares freedom Square F Probability

Mean
Sex

Group
Sex x Group
Error

29335.68 1 29335.68 602.20 0.000
13.71 1 13.71 0.28 0.600
283.62 6 47.27 0.97 0.463
338.95 6 56.49 1.16 0.355
1363.99 28 48.71

Initial learning

Sum of Degrees of Mean
Squares freedom Square F Probability

Mean
Sex

Group
Sex x Group
Error

1405.93 1 1405.93 177.32 0.000
12.59 1 12.59 1.59 0.218
209.90 6 34.98 4.41 0.003
64.57 6 10.76 1.36 0.266
222.00 28 7.93

Relearning

Sum of Degrees of Mean
Squares freedom Square F Probability

Mean
Sex

Group
Sex x Group
Error

3677.36 1 3677.36 1144.07 0.000
20.02 1 20.02 6.23 0.019
69.81 6 11.63 3.62 0.009
39.81 6 6.63 2.06 0.090
90.00 28 3.21

Free recall

continued
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Appendix 21 continued

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 2438.09 1 2438.09 678.15 0.000
Sex 3.43 1 3.43 0.95 0.337
Group 121.90 6 20.32 5.65 0.001
Sex x Group 25.90 6 4.32 1.20 0.335
Error 100.67 28 3.60

Paced recall

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 255435.13 1 255435.13 3681.25 0.000
Sex 312.27 1 312.27 4.27 0.043
Group 2944.05 6 490.67 7.07 0.000
Sex x Group 771.30 6 128.55 1.85 0.125
Error 1942.87 28 69.39

Savings %
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2
Appendix22 Experiment 1. Hotelling's T and F values, for

Free recall, Paced recall and Savings %.

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No

Sleep

Mor 8
Mor 16 6.10
Mor SD 8.34- 1.61

4.01
1.27 5.32
5.92 2.37 2.10

Sleep

Mor 24. 11.76 16.89 17.32
Eve 8 11.62 11.48 29.66
Eve 16 9.95 12.83 19.95
Eve 24. 9.96 13.10 28.91

Hotelling's T Square

No Sleep Sleep

Mor 8 Mor 16 Mor SD Mor 24 Eve 8 Eve 16 Eve 24

No
Sleep

Mor 8
Mor 16 1.63
Mor SD 2.22 0.43

1.07
0.34 1.42
1.58 0.63 0.56

Sleep

Mor 24 3.14 4.51 4.62
Eve 8 3.10 3.06 7.91
Eve 16 2.65 3.42 5.32
Eve 24 2.66 3.49 7.71

F value

Degrees of freedom » 3, 8
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Appendix 23 Experiment 2. Raw data.
%

Initial Free Paced Savings
learning Relearning recall recall %

Control

Group A

Experi¬
mental

57
38
43
30
14

64
42
26
58
36

8
5

11
7
5

3
3
11
15
6

7
11
10
12
6

9
12
10
9
9

6
10
6
6
9

8
7
6
5
6

85.97
86.84
74.42
76.67
64.29

95.31
92.86
57.69
74.14
83.33

Control

Group B

Experi¬
mental

18
47
47
15
40
45
27
35

30
48
21
27
31
18
37
25

2
8
3
2
A
7
5
6

7
1
4
3
1
4
9
2

11
11
10
12
9
11
10
9

10
10
8
11
12
11
9

12

11
6
9
11
7
9
8
7

6
6
9

11
12
10
6
11

88.89
82.98
93.62
86.67
89.99
34.44
81.48
82.86

76.67
97.92
80.95
88.89
96.77
77.78
75.68
91.99



Appendix 24.

xl.

Experiment 2. 2x2 ANOVA.

Sum of Degrees of Mean Probab¬
Squares Freedom Square F Ratio ility

Group A, B 483.344 1 483.34 2.808 0.108
Control, Experi¬
mental 26.816 1 26.82 0.156 0.697

Interaction 277.277 1 277.28 1.611 0.218
Error 3787.359 22 172.15

Initial learning

Sum of Degrees of Mean Probab¬
Squares Freedom Square F Ratio ility

Group A, B 61.061 1 61.06 5.873 0.024
Control, Experi¬
mental 0.189 1 0.189 0.018 0.894

Interaction 2.035 1 2.04 0.196 0,663
Error 228.749 22 10.398

Relearning

Sum of Degrees of Mean Probab¬

Squares Freedom Square F Ratio ility

Group A, B 4.711 1 4.711 1.873 0.185
Control, Experi¬
mental 0.554 1 0.554 0.220 0.644

Interaction 0.554 1 0.554 0.220 0.644
Error 55.350 22 2.516

Free recall

continued
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Appendix 24 continued

Sum of Degrees of Mean Frobab-
Squares Freedom Square F Ratio ility

Group A, B
Control, Experi¬
mental

Interaction
Error

19.662 1 19.662 4.845 0.039

0.601 1 0.601 0.148 0.704
2.909 1 2.909 0.717 0.406
89.275 22 4.058

Paced recall

Sum of Degrees of Mean Probab-
Squares Freedom Square F Ratio ility

Group A, B
Control, Experi¬
mental

Interaction
Error

297.090 1 297.090 3.273 0.084

9.583 1 9.583 0.106 0.748
19.566 1 19.566 0.216 0.647

1996.874 22 90.767
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Appendix 25 Testing schedule for Experiment 3 (Meaningful words).

Day 1 Day 2

Time Tester Tester

1 2 3 ]L 2 3

06.30
07.00
07,30

08.00

Mor 8.^
Mor 16^

Mor 242
Mor 82

Mor

Mor
163
243

Mor 242
Mor 16^ Mor 243

08.30 Mor 24^ Mor 162 Mor 83 Mor 24i Mor 24^ Mor 165
14.30
15.00
15.30 Mor 8^
16.00 Mor 82
16.30 Mor 83
22.30 Coni 0on4 Eve 81 Eve 242 Eve 163
23.00 0on2 Eve 16^ Eve 82 Eve 243
23.30 Con6 Mor !63 Eve 2^ Eve 162 Eve 83
24.00 Mor 16^ Mor 16^
00.30 Mor 162 Mor 165

Day 3 Day 4

06.30 Eve 8^
07.00 Eve 82
07.30 Con^ Eve 83 Mor 166 Mor 8^ Mor 24^
08.00 Con2 Mor 85 Mor 246 Mor 24?
08.30 c°n6 Mor 24^ Mor S6
14.30 Eve 163 Eve 166
15.00 Eve 16^ Eve 16^
15.30 Eve 162 Mor 8^
16.00 Mor S5
16.30 Mor S6
22.30 Eve 16^ Eve 242 Eve 245 Eve 8.

4
Eve 245

8523.00 Eve 246 Eve 6^ Eve 243 Eve ^6 Eve

23.30 Eve 241 Eve 24^ Eve 165 Mor 166 Eve 24^
24.00
00.30

continued
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Appendix 25 continued

Day 5 Day 6

Time Tester Tester

1 2 3 1 2 3

06.30 Eye 8^
07.00 Eve 8_

5
Eve 86

07.30 Mor SD1 Mor 245 tor SD1 Eve 16^ Mor SD^
08.00 Mor 24^ Mor SD2 Mor 24^ Mor SD^ Mor SD^
08.30 Mor SD3 Mor SD^ tor 3D3
14.30
15.00
15.30 Eve 16^
16.00
16.30
22.30 Ex?! Con^ ficp^
23.00 Eve 86 VXPZ Con5 Exp5
23.30 Eve 16? Exp^ Exp6 Con3
24.00
00.30

Day 7 Day 8

06.30
07.00
07.30

08.00
Exp^^
Mor 3D,

Con^
Sep.,

Mor SD^
Con5 Exp5

08.30 Mor SDj. Exp3 e<p6 Con3
14.30
15.00
15.30
16.00
16.30
22.30
23.00
24.00
24.30

The subscript is the subject number. Each subscript appears twice in
the table, the first appearance refers to the time of learning and the
second appearance to the time of recall.
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Appendix 26 Nonsense syllables used in Experiment 3.

Nonsense syllable Meaningfulness rating
xas U
qaj 11
xuv A
myv 5
bij 7
yeq A
zyf 7
xey 6
jyq 5

Eatings range from 1 - 100. Low values indicate low meaningfulness.
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Appendix 27 List of words used in Experiment 3 with their
frequencies and Imagery, Concreteness and
Associative Difficulty ratings.

Words Frequency Imagery
Concret¬
eness

Meaning-
fulness

Associative

difficulty Class

Panic 19 5.33 2.18 6.72 I
Wishing >50 - - mm 3.00 A
Retailer 3 4.33 5.88 6.76 - C
Brave >50 - - — 3.58 A
Drama 23 4.90 3.66 7.00 I
Bacteria 8 5.33 6.38 6.12 - C
Kindness 35 4.20 1.63 4.84 3.13 A

Atmosphere 38 4.23 3.76 7.17 mm I
Utensil 8 5.47 6.58 6.08 . C
Venom 5 4.23 5.62 6.40 - C
Future >100 - - «. 3.97 A
Humour a 4.57 2.31 5.72 2.79 A
Goddess 22 5.23 3.04 6.48 - I
Harness 29 5.10 6.93 6.20 mm C

Belfry 1 4.4-3 5.96 6.25 f C
Warmth 23 5.70 4.00 7.36 2;10 A
Grief 45 4.70 1.86 6.32 3.79 A

Anxiety 22 4.03 1.63 5.69 - I

Blessing 29 4.43 1.75 6.19 - I
Affection 37 4.87 2.18 6.36 - I
Vestibule 2 5.43 6.73 6.00 - C

Means

Standard
deviations

4.81

0.52

4.00

2.03

6.31

0.59

: 3*19

0.65

Imagery mean (standard deviation): A.72 (0.49)
Concreteness mean (standard deviation): 6.30 (0.49)

The frequency values are taken from Thorndike and Lorge (1944). The
Imagery and Concreteness ratings are taken from Paivio, Yuille and
Madigan (1968). The Associative difficulty ratings are taken from
Brown and Ure (1969)# The column "Class" refers to the attribute
class that the words were put into by the experimenter.
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Appendix 2^ Experiment 3. Raw Data.

Subject
Number Group

Initial
learning Relearning

Free
recall
(total)

Paced
recall
(total)

Savings
%

1
2
3
4
5
6

Mor 8

17
11
7
11
12
24

5
4
2
3
3
7

17
21
21
21
19
15

9
17
17
19
17
16

70.59
63.64
71.43
72.73
75.00
70.83

7
8
9
10
11
12

Mor 16

19
15
15
12

34
13

5
3
3
1
7
7

19
21
21
21
16
21

16
19
19
21
11
17

73.68
80.00
80.00
91.67
79.41
46.15

13
14
15
16
17
18

Mor SD

21
18
31
17
19
18

2
5
7
4
2
2

21
20
16
18
21
18

19
12
11
19
19
15

90.48
72.22
77.42
76.47
89.47
88.89

19
20
21
22
23
24

Mor 24

21
11
20
16
10
9

6
2
2
6
2
2

20
18
19
20
21
21

14
19
15
11
18
20

71.43
81*82
90.00
62.50
80.00
77.78

25
26
27
28
29
30

Eve 8

14
11
26
12
25
17

2
3
4
2
4
2

20
21
21
21
16
19

20
15
17
20
14
19

85.71
72.73
84.62
83.33
84.00
88.24

31
32
33
34
35
36

Eve 16

22
24
17
10
12
11

7
6
4
1
3
1

18
19
21
21
21
21

16
18
19
21
20
21

68.18
75.00
76.47
90.00
75.00
90.91

37
38
39
40
41
42

Eve 24

14
15
22
24
22
15

6
2
2
14
2
3

19
21
18
20
18
19

18
20
16
17
16
18

57.14
86.67
90.91
41.67
90.91
80.00

continued
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Appendix 28 continued

Group

Free recall Paced recall

Concret- Associative Concret- Associative
Imagery eness Difficulty Imagery eness Difficulty

Mor 8

6 5 6 5 1 I
7 7 7 5 5 ;
7 7 7 7 6 4
7 7 7 7 7 ;
7 7 5 7 6 4
4 6 5 5 5 0

Mor 16

6 6 7 6 6 £
7 7 7 7 7 5
7 7 7 7 7 J
7 7 7 7 7 '
7 4 5 5 4 f
7 7 7 7 6 4

Mor SD

7 7 7 7 6
7 7 6 4 5 3
5 6 5 3 3 £
7 6 5 6 6 £
7 7 7 7 7 5
7 6 6 6 6 3

Mor 2L,

7 7 6 5 4 I
6 7 5 6 6 £
7 7 5 4 4 '
7 7 6 3 5 X
7 7 7 5 7 °
7 7 7 6 7 '

Eve 8

6 7 7 7 6 J
7 7 7 5 4 ^
7 7 7 6 6 J
7 7 7 6 7 '
5 5 6 5 4 ?
7 5 7 7 5 /

Eve 16

6 6 6 7 4 5
6 7 6 6 6 °
7 7 7 7 7 J
7 7 7 7 7 '
7 7 7 7 6 '
7 7 7 7 7 '

Eve 24

6 6 7 5 6 I
7 7 7 6 7 1
6 6 6 56 3
7 7 6 6 4 /
6 6 6 6 4 J?
7 7 5 6 6 6

continued
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Appendix 28 continued

Hotel

The first two subjects in each group were tested by Experimenter 1, the
second two subjects by Experimenter 2 and the third pair of subjects by
Experimenter 3.



xlix.

Appendix 29 Experiment 3. One-way Analysis of Variance -
Initial learning, Relearning, Free recall, Paced
recall and Savings %,

Sum of Degree of Mean F Ratio Probab¬
Squares Freedom Square ility

Between 214.9987 6 35.8331 0.9790 0.4540
Within 1280.9983 35 36.5999
Total 1495.9968 41

Initial learning

Sum of Degree of Mean F Ratio Probab¬

Squares Freedom Square ility

Between 15.4762 6 2.5794 0.3809 0.8862
Within 236.9997 35 6.7714
Total 252.4759 41

F.elearning

Sum of Degrees of Mean F Ratio Probab¬
Squares Freedom Square ility

Between 7.8095 6 1.3016 0.3973 0.8757
Within 114.6663 35 3.2762
Total 122.4758 41

Free recall

Sum of Degrees of Mean F Ratio Probab¬
Squares Freedom Square ility

Between 51.8092 6 8.6349 0.9650 0.4629
Within 313.1665 35 8.9476
Total 364.9756 41

Paced recall

continued
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Appendix 29 continued

Sura of

Squares
Degrees of
Freedom

Mean

Square
F Ratio Probab¬

ility

Between 719.4675 6 119.9113 0.8976 0.5075
Within 4675.4609 35 133.5846
Total 5394.9258 41

Savings %



11.

Appendix 30 Experiment 3. Kruskal-Wallis one-way ANOVA's for
Initial learning, Relearning, Free recall (total),
Paced recall (total) and Savings %.

Rank Sums

Group Free Paced
Initial recall recall Savings
learning Relearning (total) (total) %

Mor 8 87.0 149.5 120.0 99.5 58.0
Mor 16 133.0 153.0 150.0 135.5 129.0
Mor SD 177.5 128.5 107.0 107.0 156.5
Mor 24 95.0 111.0 131.5 109.0 122.5
Eve 8 136.5 106.5 138.0 138.0 163.5
Eve 16 116.5 125.5 155.5 185.5 133.0
Eve 24. 157.5 129.0 101.0 128.5 140.5

H statistic Significance level

Initial learning
Relearning
Free recall (total)
Paced recall (total)
Savings %

7.03 0.318
2.14 0.907
3.18 0.786
5.72 0.456
7.96 0.241

Degrees of freedom = 6



lii.

Appendix 31 Experiment 3. One-way Analysis of Variance -
Free recall: Concreteness, Imagery, Associative
difficulty; Paced recall: Concreteness, Imagery,
Associative difficulty.

Sum of Degrees of Mean F Ratio Probab¬

Squares Freedom Square ility

Between 2.2857 6 0.3810 0.6667 0.6769
Within 20.0000 35 0.5714
Total 22.2857 41

Free recall, Concreteness

Sum of Degrees of Mean F Ratio Probab¬

Squares Freedom Square ility

Between 1.2381 6 0.2063 0.3869 0.8824
Within 18.6667 35 0.5333
Total 19.9047 41

Free recall, Imagery

Sum of Degrees of Mean F Ratio Probab¬

Squares Freedom Square ility

Between 4.-4762 6 0.7460 1.2336 0.3131
Within 21.1666 35 0.6048
Total 25.6428 41

Free recall, Associative difficulty

Sum of Degrees of Mean F Ratio Probab¬

Squares Freedom Square ility

Between 6.6190 6 1.1032 0.5556 0.7623
Within 69.5000 35 1.9857
Total 76.1190 41

Paced recall, Concreteness

continued
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Appendix 11 continued

Sum of Degrees of Mean F Ratio Probab¬
Squares Freedom Square ility

Between 15.6190 6 2.6032 2.5309 0.0385
Within 36.0000 35 1.0286
Total 51.6190 41

Paced recall, Imagery

Sum of Degrees of Mean F Ratio Probab¬
Squares Freedom Square ility

Between 21.4.762 6 3.5794 1.9885 0.0938
Within 62.9999 35 1.8000
Total 84.. 4761 41

Paced recall, Associative difficulty



liv.

Appendix 32 Experiment 3. Kruskal-Wal1Is one-way ANOVA's for
Free recall: Concreteness, Imagery, Associative
difficulty; Paced recall: Concreteness, Imagery,
Associative difficulty.

Sank Sums

Group Free recall Paced recall

Concret¬ Associative Concret¬ Associative
eness Imagery difficulty eness Imagery difficulty

Mor 8 124.0 119.0 116.0 109.5 132.0 92.5
Mor 16 122.0 145.5 159.5 162.0 168.0 81.0
Mor SD 111.0 140.0 99.0 120.5 115.0 96.0
Mor 24 168.0 145.5 99.0 122.0 65.0 147.5
Eve 8 118.0 120.5 169.0 108.5 129.0 159.0
Eve 16 149.0 126.0 152.0 162.0 193.0 159.0
Eve 24 111.0 I06.5 108.5 118.5 101.0 168.0

H statistic
Significance
level

Concreteness 4.63 0.592

Free recall Imagery 2.39 0.880

Associative
difficulty 7.44 0.282

Concreteness 3.85 0.697
Paced recall Imagery 13.05 0-.042

Associative
difficulty 9.98 0.125

Degrees of freedom = 6
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Appendix 33 Experiment 3. Groups pooled into "Sleep" and
"No Sleep", "t" tests for all variables except
Paced recall, imagery.

Mean
Standard
deviation t df Prob. F Prob. U Prob.

Initial
learning

No Sleep
Sleep

17.44
16.67

6.87
5.47

0.40 31.7 0.695 1.58 0.30 226 0.789

Relearning

No Sleep
Sleep

4.00
3.67

2.00
2.82

0.66 39.9 0.329 1.99 0.15 260 0.126

Free recall

No Sleep
Sleep

19.28
19.71

2.11
1.40

0.46 27.8 0.224 2.28 0.07 206 0.394

Paced recall

No Sleep
Sleep

16.28
17.58

3.41
2.55

1.36 30.3 0.092 1.78 0.20 171 0.124

Savto %
No Sleep
Sleep

76.12
78.54

10.85
12.04

0.68 38.6 0.249 1.23 0.67 172 0.134

Free recall
Imagery

No Sleep
Sleep

6.61
6.63

0.85
0.58

0.06 28.2 0.477 2.18 0.08 233 0.287

Free recall
Concrete

No Sleep
Sleep

6.44
6.67

0.86
0.64

0.93 30.2 0.181 1.80 0.19 186 0.174

Free recall
Associative
Difficulty

No Sleep
Sleep

6.28
6.42

0.90
0.72

0.54 31.9 0.296 1.56 0.32 203 0.362

continued
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Appendix 33 ffontfoqefl

Mean
Standard
deviation t df Prob. F Prob, U Prob,

Pace£ recall
Concrete

No Sleep
Sleep

5.56
5.63

1.58
1.21

0.16 30.8 0.439 1,71 0.23 221 0.448

Paced recall
Associative
Difficulty

No Sleep A. 72 1.49 3.39 29.6 0.001 1.91 0.15 98 0.001

Notes

t value for separate variances.
df «» degrees of freedom.
Prob. = Probability.
F value for variance,
U value for Mann-Whitney U test.
Degrees of freedom for F test ■» 17, 23 in all cases.
Apart from Initial learning, all No Sleep vs Sleep comparisons were
made using 1-tailed tests.
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Appendix 34 Experiment 3. "t" tests and Mann-Whitney U tests
performed on Paced recall, Imagery.

Mor 16 vs Mor 2L

t (seperate) « 2.84. Degrees of
freedom =9.1

F (for variances) = 1.95 Degrees of
freedom =5,5

U =4

Mor 24. vs Eve 16

t (seperate) = -3.96

F (for variances) = 8,20

U = 1

Degrees of
freedom =6.2

Degrees of
freedom = 5»5

Eve 16 vs Eve 24

t (seperate) =4.34 Degrees of
freedom =9.5

F (for variances) = 1.60 Degrees of
freedom = 5»5

U =2

Probability = 0.019

Probability = 0.480

Probability = 0.026

Probability = 0.007

Probability = 0.037

Probability = 0.002

Probability = 0.002

Probability = 0.619

Probability = 0.004
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Appendix 35 Experiment 3. Control and Experimental group3
raw data.

Subject
number

Initial

learning Relearning
Free Paced
recall recall
(total) (total)

18 19
21 19
21 19
21 20
19 20
21 19

20 17
21 18
21 21
21 15
21 20
21 19

Control

Experi¬
mental

1
2
3
4
5
6

7
8
9
10
11
12

20
12
23
40
27
18

20
12
13
23
19
18

2
1
2
1

4
2

4
3
1
6
2
2

Free recall Paced recall
Subj
No. Ima¬ Conor- Associative Ima¬ Concr- Associative Savings

gery eteness difficulty gery eteness difficulty %

O 1 5 7 6 6 7 6 90.00
O
a

2 7 7 7 6 6 7 91.67
% 3 7 7 7 6 7 6 91.30
I 4 7 7 7 7 6 7 97.50
1

5 6 7 6 6 7 7 85.19
6 7 7 7 7 5 7 88.89

•f 7 7 7 6 5 6 6 80.00
ffi 8 7 7 7 7 4 7 75.00
g- 9 7 7 7 7 7 7 92.31
O
■ 10 7 7 7 7 5 3 73.91
M 11 7 7 7 6 7 7 89.48
P 12 7 7 7 7 6 6 88.89
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Appendix 36 Experiment 3. Means and standard deviations
for groups Control and Experimental.

Control Experimental

Mean Standard
deviation

Mean Standard
deviation

Initial learning
Relearning
Free recall
Paced recall
Savings %

23.33 9.59
2.00 1.10
20.17 1.33
19.33 0.52
90.76 4.04

17.50 4.23
3.00 1.79
20.83 0.41
18.33 2.16
83.26 7.98

Free recall

Imagery
Concreteness
Associative difficulty

Paced recall

Imagery
Concreteness
Associative difficulty

6.50 0.84
7.00 0.00
6.67 0.52

6.33 0.52
6.33 0.82
6.67 0.52

7.00 0.00
7.00 0.00
6.83 0.41

6.50 0.84
5.83 1.17
6.00 1.55
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Appendix 37 Experiment 3 . 3x7 MOYA, Tester differences

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 12138.00 1 12138.00 374.30 0.000
Tester 2.71 2 1.36 0.04 0.959
Group 215.00 6 35.33 1.11 0.392
Tester x Group 597.28 12 49.77 1.53 0.188
Error 680.99 21 32.43

Initial learning

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 609.52 1 609.52 98.46 0.000
Tester 4.62 2 2.31 0.37 0.693
Group 15.48 6 2.58 0.42 0.860
Tester x Group 102.33 12 3.53 1.38 0.251
Error 130.00 21 6.19

Eelearning

Sua of Degrees of Mean
Squares freedom Square F Probability

Mean 16009.51 1 16009.51 6724.01 0.000
Tester 6.33 2 3.17 1.33 0.286
Group 7.81 6 1.30 0.55 0.767
Tester x Group 58.33 12 4.86 2.04 0.073
Error 50.00 21 2.38

Free recall

continued
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Appendix 37 continued

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 12172.01 1 12172.01 1385.46 0.000
Tester 4.33 2 2.17 0.25 0.784
Group 51.81 6 8.63 0.98 0.461
Tester x Group 124.33 12 10.36 1-.18 0.357
Error 184.50 21 8.79

Paced recall

Sum of Degrees of Mean
Squares freedom Square F Probability

Mean
Tester

Group
Tester x Group
Error

252275.06 1 252275.06 1595.88 0.000
163.66 2 81.83 0.52 0.603
719.49 6 119.91 0.76 0.610
1192.10 12 99.34 0.62 0.795
3319.66 21 158.08

Savings %

Sum of Degrees of Mean
Squares fi'eedom Square F Probability

Mean
Tester
Group
Tester x Group
Error

1840.09 1 1840.09 3220.20 0.000
0.62 2 0.31 0.54 0.590
1.24 6 0.21 0.36 0.895
6.05 12 0.50 0.88 0.577
12.00 21 0.57

Free recall, Imagery

continned
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Appendix 37 continued

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 1813.71 1 1813.71 3808.89 0.000
Tester 1.86 2 0.93 1.95 0.167
Group 2.29 6 0.38 0.80 0,531
Tester x Group 8.14 12 0.68 1.43 0.230
Error 10.00 21 0.48

Free recall, Concrete

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 1697.36 1 1697.36 6481.01 0.000
Tester 0.57 2 0.29 1.09 0.354
Group 4.48 6 0.75 2.85 0.034
Tester x Group 15.10 12 1.26 4.80 0.001
Error 5.50 21 0.26

Free recall, Associative Difficulty-

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 1464.38 1 1464.38 I464.4O 0.000
Tester 1.19 2 0.60 0.60 0.560
Group 15.62 6 2.60 2.60 0.048
Tester x Group 13.81 12 1.15 1.15 0.375
Error 21.00 21 1.00

Paced recall, Imagery

continued
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Appendix 21 continued

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 1314.33 1 13U.S3 936.03 0.000
Tester 3.19 2 1.60 1.14 0.34-0
Group 6.62 6 1.10 0.79 0.591
Tester x Group 36.81 12 3.07 2.18 0.056
Error 29.50 21 1.4-0

Paeed recall, Conoreteness

Sum of Degrees of Mean

Squares freedom Square F Probability

Mean 1231.52 1 1231.52 625.86 0.000
Tester 0,62 2 0.31 0.15 0.861
Group 21.43 6 3.56 1.75 0.159
Tester x Group 19.38 12 1,62 0.79 0.657
Error 43.00 21 2.05

Paced recall, Associative Difficulty
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Appendix 38 Experiment 3. Free recall, Associative difficulty;
Means, standard deviations (in parentheses) divided
by tester and group.

Mor 8 Mor 16 Mor SD Mor 24. Eve 8 Eve 16 Eve 24.

Tester 1 6.50

(0.71)
7.00

(0.00)
6.50

(0.71)
5.50

(0.71)
7.00

(0.00)
6.00

(0.00)
7.00

(0.00)

Tester 2 7.00

(0.00)
7.00

(0.00)
5.00

(0.00)
5.50

(0.71)
7.00

(0.00)
7.00

(0.00)
6.00

(0.00)

Tester 3 5.00

(0.00)
6.00

(1.41)
6.50

(0.71)
7.00

(0.00)
6.50

(0.71)
7.00

(0.00)
5.50

(0.71)

Number of subjects in each cell » 2.

|
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Appendix 39 Experiment 3. Nonsense syllables, Free recall raw
data, means and standard deviations.

Mor 8

0
1
1
0
1
1

Mor 16

A
0
0
1
0
1

Mor 2A
2
0
7
1
2
0

Mor SD

0
0
2
0
2
2

Eve 8

1
1
3
1
0
0

Eve 16

3
A
0
0
1
2

Eve 24-

0
0
0
3
0
1

Mean 0.67 1.00 2.00 1.00 1.00 1.67 0.67

Standard
deviation 0.52 1.55 2.61 1.10 1.10 1.63 1.21
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Appendix 4-0 Vetting questionnaire used in Experiments 4- -

QUESTIONNAIRE

Name Year of Study 1, 2, 3, At ^0

Address Faculty

Age

11 Telephone No.

Native Language Marital Status

How long does it take you to fall asleep?

How many hours do you normally sleep?

What time do you usually go to bed? Weekdays Weekends

What time do you usually get up? Weekdays Weekends

Do you suffer from insomnia, sleepwalking or nightmares?

Are you currently taking any medicines? If yes, what

Do you wake up in the middle of the night?

If yes, how often?

Do you consider yourself a good sleeper? .

Have you taken part in a Sleep Experiment before?

Do you wish to take part in an experiment
this term, spring term or summer term? —

Which days in the week are most suitable for you?
(Weekends included)
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Appendix 41 Experiment 4.. Raw data

Subject
number

Group Initial Itelearning Free Paced Savings
learning recall recall %

1
2
3
4
5
6

lst-REMP

21 3 6 8 85.71
23 6 6 7 73.91
17 5 8 7 70.59
24, 6 10 7 75.00
28 6 10 6 78.57
42 5 10 8 88.10

7
8
9
10
11
12

Mar 17

43 14- 7 2 67.44
27 656 77.78
21 4 10 10 80.95
31 5 10 6 83.87
42 6 10 7 85.71
23 9 6 8 60.87

13
14
15
16
17
18

Hor 24.

40 3 9 7 95.50
42 5 8 7 88.10
28 5 10 9 82.14
31 3 9 9 90.32
27 4 10 9 85.19
35 5 10 10 85.71
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Appendix £2 Experiment 4,
dataf*50>

Flipkep Fusion fpequenpy

Subject
number Group OFF

1
2
3
4
5
6

29.00
28.80

lat-REMP

31.30
28.10

7
8
9
10
11
12

29.25
30.25

M 29.88Mor 17 29.60
29.00
29.63

t « 0,16
df » 7,A
P = 0.8

F (for variances) =8.01
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Appendix 43 Experiment 4. One-way ANOVA's on Initial learning,
Relearning, Free recall, Paced recall and Savings %.

Sum of

Squares
Degrees of
freedom

Mean

Square F Ratio Probability

Between
Within
Total

199.1112
1018.4994
1217.6108

2
15
17

99.5556
67.9000

1.4662 0.2621

Initial learning

Sun of

Squares
Degrees of
freedom

Mean

Square F Ratio Probability

Between
Within
Total

31.4444
79.0000
110.4444.

2
15
17

15.7222
5.2667

2.9852 0.0810

Relearning

Sum of

Squares
Degrees of
freedom

Mean

Square F Ratio Probability

Between 5.7778 2 2.8889 0.8904 0.4311
Within 48,6666 15 3.2444
Total 54.4444 17

Free recall

continued
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Arroandir 43 continued.

Sum of

Square3
Degrees of
freedom

Mean

Square F Ratio Probability

Between
Within
Total

12.4444
45.8333
58.2778

2
15
17

6.2222
3.0556

2.0364 0.1650

Paced recall

Sum of
Squares

Degrees of
freedom

Mean

Square F Ratio Probability

Between
Within
Total

415.4-792
796.3748

121348540

2
15
17

207.7396
53.0916

3.9128 0.0429

Savings %
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Appendix 44 Experiment 4, Kruskal-Uallis ANOVA's on Initial
learning, Relearning, Free recall, Paced recall
and Sayings %,

Rank Sums

1st—KEMP 39.5 H = 3.102
Mor 17 60,0 Probability = 0,212
Mor 24 71.5

Initial learning

Rank Sums

1st—REMP 61.0 H » 5.65
Mor 17 76.0 Probability ■* 0.059
Mor 24 34.0

Relearning

Rank Sums

lst-REMP 54.5 H - 0.770
Mor 17 51.0 Probability = 0.681
Mor 24 65.5

Free recall

continued
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Appendix 44 continued

Rank Sums

lst-RKMP 49.5 H = 3.97
tfcr 17 44.0 Probability = 0.137
Mor 24. 77.5

Paced recall

Rank Sums

lst-&EEP 47.5 H ® 6.36
Mor 17 40.0 Probability » 0.042
Mor 24. 83.5

Savings %

Degrees of freedom « 2
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Appendix 45 Experiment 4* Sleep data, means and
standard deviations.

Subject Sleep onset NREM sws HEM TS1

1 20.33 49.67 35.67 4.00 53.67
2 10.33 54.00 23.00 9.00 63.00
3 15.33 42.00 19.67 11.33 53.33
A 25.33 98.00 77.00 7.00 105.00
5 24.67 49.33 21.00 2.00 51.33
6 18.67 112.33 43.67 10.67 123.00

Mean 19.11 67.56 36.67 7.33 74.89
Standard deviation 5.70 29.74 67.56 3.73 31.09
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Appendix 46 Experiment 4. Individual con

Mor 17 vs Ist-REMP

t = 0.52, df - 9.0, P » 0.52
F (for variances) ■ 2.03, F » 0.457
U « 20, P « 0.68

Mor 24. vs lst-R»lP

t - 2.70, df - 7.7, P » 0.028
F (for variances) ■ 3.41, P ■ 0.205
0 - 6, P ■ 0.053

Mor 17 vs Mor 24

t - 2.61, df » 6.4, P - 0.038
F (for variances) « 6.91, P « 0,054
U « 3, P - 0.02
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Appendix W The nonsenae syllable lists used in Experiment 5

ufft 1 2 m%. i

qoh xik byv;

wij vuq xad

xik xoi zej

byw jyk ww

xad qoh qoh

jik biw fiq

vuq zej xyh

xoy fyq wyj

xyh wyj xik

fyq xad jyk

ww xyh vuq

zej ww xoy



lxxvi.

Appendix 4.8 Experiment 5. The Mill Hill Vocabulary Test.

NAME . . Date of Testing

AGE ... ......... Tested by

SCORE: SET A .... SET B .... TOTAL ....

SET AI DEFINITIONS

Write down in a few words the meaning of each of the following words
as it has been done for the first word.

, „ .. Go on1. Continue .. ....................

2. Startle .... .................

3. Perfume .....

4.* Malaria

5. Mingle ....... ••••••••••.•••*

6. Fascinated . .........

7. Brag •••••

8. Prosper

9. Anonymous .....•••••••••..

10. Verify

11. Ruse

12. Formidable

13. Immerse .... ...........

14.. Docile

15. Virile

16. Sultry

17. Stance ...........

18. Efface ........ ...............

19. Sensual

20. Construe ••.•••••••••.•••••

21. Conciliate



lxxvii.

Appendix 4.8 continued

22. Garrulous .

23. Latent ...

2A. Obdurate . .

25. Criterion .

26. Palliate . .

27. Adulate . .

28. Felicitous .

29. Ambit . . ,

30. Recondite .

31. Cachinnation

32. Exiguous . .

33. Putative . .

34-. Manumit . .



Appendix 49

lxxviii.

Experiment 5. The sentences given to subjects
before they were mixed up.

The dented car stopped at the zebra crossing.
The gifted oboeist played the Mozart concerto.

The (.corner shop sold the morning papers.

The pin-striped suit hanged in the mahogony wardrobe.

The torn cat chased the field mouse.

The expensive watch showed the wrong time.

The Methodist minister quoted from the old testament

The Chatterley's gardener tended the wild : roses.

The vertical lines show in what way the sentences were fragmented and
then mixed up.



Appendix 50

lxxix.

Experiment 5. The sentences given to subjects to
sort out.

JUMBLED SENTENCES

Sort these jumbled sentences back into their original and unique
forms. You'll know that you're successful when all the sentences
make sense.

Work as rapidly as you can.

1. The dented watch chased the old roses.

2. The gifted minister showed the mahogany mouse.

3. The corner car quoted from the zebra time.
A. The pin-striped cat stopped at the wrong papers.

5. The torn gardener played the field crossing.
6. The expensive shop hanged in the Mozart testament.
7. The Methodist oboeist sold the wild wardrobe.

8. The Chatterley'a suit tended the morning concerto.



lxxx.

Appendix 51 Experiment 5. Questionnaire used to determine
retention of the Egulac story.

Here are some questions on the story you heard yesterday.

The questions follow in the sequence of the story.
- i i. ;.\ • • • • . ■

Attempt to answer every question,

1. Where did the two young men come from?
2. Where were they going?
3. What were they hunting?
U, What noise interrupted their hunting?
5. Where did they hide?

6. What were the men going to do?
7. What did the men want from the two young men?
8. What excuse did one of the young men give?
9. What did the men say in reply?
10. Why did he not want to go with the men?
11.

11. What decision did the other man make?

12. Where did they go?
13. What happened?
14.. Why did the men turn back?
15. What did the young man suddenly realize?

16. Where did he go?
17. & 18. What did he do?

19. What happened when the sun rose?
20. What did the people exclaim?



lxxxi.

Appendix 52 Experiment 5. Raw data for Initial learning,
Relearning, Free recall, Paced recall and
Savings %,

Group Initial Relearning Free Paced Savings
learning recall recall %

Slp-Dep

16 5 8 6 68.75
16 10 A 2 37.50
31 9 8 7 70.97
18 5 7 5 72.22
15 6 7 5 60.00
24 13 5 2 45.83

lh—Sip

21 5 8 5 76.19
31 11 4 1 64.52
13 4 9 4 69.23
31 6 5 4 80.65
14 5 7 2 64.29
40 10 7 4 75.00

3h-51p

26 7 2 2 73.08
26 6 6 5 76.92
26 6 6 2 76.92
13 5 3 2 61.54
30 4 9 8 86.67
16 4 8 4 75.00

6h-Slp

37 5 8 5 86.49
25 5 9 6 80.00
22 4 8 6 81.82
37 7 9 7 81.08
20 4 8 5 80.00
24 2 9 8 91.67



lxxxii.

Appendix 53 Experiment 5. Raw Sleep data, Sleep onset,
Stages one, two, three, four and REM.

Group Sleep onset Stage 1 Stage 2 Stage 3 Stage 4 REM

0,00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

CJ1 T*Y^\y. 0.00 0.00 0.00 0.00 0.00 0.00
OJiP^l/WP 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00

12.00 0.00 32.00 11.00 28.66 0.00
18.67 6.00 37.33 15.33 18.33 0.00

T h_£ln 6.00 0.66 14.33 5.00 45.33 0.00
JLXT"»DJL.p 15.67 1.33 27.00 8,00 27.33 0.00

10.00 1.00 39.00 17.33 38.67 0.00
38.00 3.67 24.00 3.00 36.67 5.33

10.33 4.67 85.00 16.67 28.67 24.33
20.33 4.67 72.33 13.67 65.67 19.00

QK-JCH T> 5.00 2.33 88.33 33.33 64.00 31.00
jur»o±p 12.67 12.67 94.67 18.33 54.67 18.33

15.33 5.00 83.67 18.00 36.00 35.33
18.33 3.00 49.67 7.33 81.67 40.00

2,00 20.33 147.33 42.67 96.00 87.67
18.67 24.33 207.33 19.67 32.00 89.67

AhWTl r\ 24.67 8.00 141.00 29.00 63.33 77.67
25.67 6.00 128.33 39.33 60.00 51.00
10.33 15.00 174.33 11.00 95.67 54.67
24.67 21.33 145.00 14.33 95.67 65.00



lxxxiii.

Appendix 54 Experiment 5. Raw 3leep data. 3W3. NREM and TST

Group sws NREM TST

Slp-Dep

lh-Slp

0.00
0.00
0.00
0.00
0.00
0.00

39.67
33.67
50.33
35.33
56.00
39.67

0.00
0.00
0.00
0.00
0.00
0.00

71.67
77.00
65.33
63.67
96.00
67.33

0.00
0.00
0.00
0.00
0.00
0.00

71.67
77.00
65.33
63.67
96.00
72.67

3h-»Slp

4-5.33
79.33
97.33
73.00
54.00
89.00

135.00
156.33
188.00
180.33
142.67
141.67

159.33
175.33
219.00
198.67
178.00
181.67

6h»Slp

138.67
51.67
92.33
99.33
106.67
110.00

306,33
283.33
241.33
233.67
296.00
276.33

394.00
373-00
319.00
284.67
350.67
3a. 33



lxxxiv.

Appendix 55 Experiment 5. Sleep data, Kruskal-Wallis ANOVA
and Mann-Whitney U-test.

All groups H Probability
REM 21.56 0.0001
SWS 19.51 0.0002
NREM 21.93 0.0001
TST 21.93 0.0001

lh-Slp va Slp-Dep U Probability
REM 15 0.159
SWS 0 0.001
NREM 0 0.001
TST 0 0.001

3h-Slp vs Slp-Dep U Probability
REM 0 0.001
SWS 0 0.001
NREM 0 0.001
TST 0 0.001

6h-Slp vs Slp-Dep U Probability
REM 0 0.001
SWS 0 0.001
NREM 0 0.001
TST 0 0.001

lh-Slp vs 3h-Slp U Probability
REM 0 0.001
SWS 3 0.008
NREM 0 0.001
TST 0 0.001

continued



lxxxv,

Appendix 55 continued

lh-Slp vs 6h-Slp U Probability
REM 0 0.003
SWS 1 0.006
NREM 0 0.004
TST 0 0.004

3h-Slp vs 6h-Slp U Probability
REM 0 0.004
SWS 6 0.027
NREM 0 0.004
TST 0 0.004

All individual comparisons one-tailed
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Appendix 56 Experiment 5. Savings % U-tests

Comparison U Probability

lh-Slp vs Slp-Dep 8 0.109
3h-Slp vs Slp-Dep 3 0.016
6h-Slp vs Slp-Dep 0 0.004.
3h-Slp vs lh-Slp 13 0.4-70
6h-Slp vs lh-Slp 2 0.010
3h-Slp vs 6h-Slp 5 0.037



lxxxvil.

Appendix 57 Experiment 5. Regression Analysis

For REM as the independent variable*

Savings % m 0.251

Standard error = 0.067
t « 3.72
Significance » 0.001

x REM (in minutes) + 66.086
0.026
25.09
0.001

Paced yepall
Standard error

t

Significance

0.029 x REM (in minutes) + 3.74-

0.013
2.27
0.034

0.499
7.49
0.001

free pep^11
Standard error
t

Significance

0.027 x REM (in minutes) + 6.15
0.013
2.14
0.044

0.502
12.24
0.001

For t-statistlcs, degrees of freedom =* 22

continued
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Appendix 57 continued

For SWS as the independent variable!

Saving %
Standard error

t

Significance

0.197 x SWS (in minutes) + 61.74.
0.04B
4.10
0.001

0.032
19.07
0.001

foqed yegall
Standard error
t

Significance

» 0.009 x SWS (in minutes) + 3.95

0.010
0.91
0.373

0.695
5.69
0.001

Fpee rwqnn
Standard error

t

Significance

* 0.014 x SWS (in minutes) + 6,09
■ 0.010 0.677
= 1.37 8.99
» 0.183 0.001

For t-statistics, degrees of freedom « 22

continued
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Appendix 57 continued

For REM and SWS as the independent variables:

Savings % » 0.115 x REM (in mins) + 0.132 x SWS (in mins) + 62.39
Standard error » 0.100 0.074- 0.033
t « 1.15 1.78 19.12
Significance * 0.263 0.090 0.001

Paced recall = 0.045 x REM (in mins) - 0.017 x SWS (in mins) + 4-.21

Standard error « 0.020 0.015 0.642
t ** 2.36 "■ 1.16 6.56
Significance » 0.028 0.257 0,001

Free recall » 0.032 x REM (in mins) + 0.004 x SWS (in mins) + 6.27
Standard error «• 0.020 0.015 0,666
t » 1.56 - 0.28 9.41
Significance « 0.133 0.780 0.001

For t-statistics, degrees of freedom » 21



xc.

Appendix 53 la^eylment, 5, Kay qata, MV, Jufabled Sentence?
and Fyose

MHV Sentences Prose

Number of Number Number Number Number of
original words of words of words of words questions

answered recalled sorted recalled answered

21 3 34 29 10
23 6 32 24 6
26 7 60 43 10
18 3 35 26 1
11 7 43 38 4
16 4 39 20 9
30 4 53 26 4
31 6 44 28 1
26 6 60 40 2
30 4 11 5 8
23 4 21 20 4
22 5 23 20 7
15 2 32 29 4
29 6 24 17 9
23 4 38 31 1
30 5 60 47 1
22 5 60 37 6
31 2 53 20 1
28 2 35 28 9
21 7 45 36 4
23 4 21 20 10
24 6 18 21 5
21 5 35 33 11
29 6 28 28 2



xci.

Appendix 59 Experiment 5, Mann-Whitney U-test on Jumbled
sentences, Original number of words sorted and
Percentage loss.

Original number of words sorted

Slp-Dep vs lh-Slp
Slp-Dep vs 3h-Slp
Slp-Dep vs 6h-Slp
lh-Slp vs 3h-Slp
lh-Slp vs 6h-Slp
3h-Slp vs 6h-Slp

u Probability
15 0.575
16 0.809
9 0.147
11 0.294
16 0.688
8 0.108

Peyqentqge lqpg
U Probability

Slp-Dep vs Ik—Sip 14 0.522
Slp-Dep vs 3h-Slp 17 0.873
Slp-Dep vs 6h—Sip 2 0,010
Ih-Slp vs 3h—Sip 17 0.873
lh-Slp vs 6h-Slp 6 0.045
3h-Slp vs 6h-Slp 4 0.025

All comparisons two-tailed



xcii.

Appendix 60 Experiment 6. The sentences used on Adaptation
and Experimental nights

Adaptation Night ll Sentence 1.
We have all encountered the salesgirl who chatters unconcer¬

nedly to her fellow assistants while we stand politely waiting for
her to deign to notice us but she is there to serve so why shouldn't
we insist that she does so.

Adaptation Night 1; Sentence 2.
This traditional method of heating can be discribed only as the

filthy habit of a filthy nation and it is not tolerated in many
countries which have really cold climates and where the science of
home heating is better understood.

Adaptation Night 2: Sentence 3.
Suburban travellers covering a wide section of the community are

worried about this problem and my own concern is primarily for the
school children who are already faced with long and arduous journeys
by bus services which are barely adequate.

Adaptation Night 2: Sentence 4-.
Police dogs can be trained to rescue drowning people and instead

of running down to the water and striking out they are taught to take
a flying leap thus saving several unnecessary swimming strokes and
many valuable seconds of time.

Experimental Nights Sentence 5»
A balance should be struck between the national good and the

treatment of state employees without surrendering these employees to
the possible tyranny of unfettered state control or leaving them free
to hold the rest of the country to ransom.

Experimental Nights Sentence 6.
The great amount of detail to be assimilated and recalled

selectively according to the question set has compelled examiners to
modify the difficulties of the examination by sometimes including the
type of question which requires little thought and less judgement.

Experimental Night: Sentence 7.
It is not as certain as your article yesterday implied that

sufficient thought has gone into the additional problem of safeguard¬
ing the public from increased powers acquired by those employed in the
monopolistic works and services so essential to modern living.

Experimental Night: Sentence 8.
One of the main reasons for studying history is for pupils to

learn to analyse historical situations and thus demonstrate their
ability to elucidate an idea and select facts on which it is based
whilst discarding others which appear irrelevant.



xcili.

Appendix 61 Experiment 6. Critical Flicker Fusion frequency data

REM-15

REM-Dep

Placebo Doxycycline

First Third Third Third
Awakening Awakening Awakening Awakening

28.00 28.80 30.50 28.30
28.80 30.13 30.50 31.00
28.63 29.38 28.60 29.00
30.13 30.00 29.90 30.90
29.38 30.25 30.90 29.50
31.25 30.25 29.50 28.10
33.40 33.30 28.10 30.70
30.25 29.63 28.80 29.60
31.30 29.00 29.88 29.25
27.90 27.50 28.25 28.88
29.90 29.60 31.25 33.75
27.60 28.30 28.38 29.00
30.50 29.30 30.88 29.38
34.10 34.30 32.38 34.25
30.30 31.00 31.75 32.88
29.30 31.30 29.25 29.19

28.80 32.25 28.40 29.40
29.88 29.88 30.50 31.00
31.25 32.25 31.50 32.40
27.88 27.00 28.50 27.40
27.75 28.13 28.00 27.90
29.00 29.50 29.10 29.30
28.25 29.88 27.80 30.90
29.50 30.25 30.60 30.60
30.30 29.80 29.88 30.13
27.90 28.40 28.63 28.00
29.00 31.00 30.38 30.00
31.00 28.60 30.00 29.38
26.40 26.40 28.25 28.38
32.50 30.00 32.63 30.25
32.10 30.90 31.13 30.25
28.30 28.90 29.75 29.44
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Appendix 62 Experiment 6, Cortical Flicker Fusion, 2x2x2
ANOVA

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

113883.81 1 113883.81 15819.23 0.001
8.28 1 8.28 1.15 0.292

215.97 30 7.20

Condition
Condition x Group
Error

0.34 1 0.34 0.22 0.643
0.39 1 0.39 0.26 0.615
45.89 30 1.53

Awakening
Awakening x Group
Error

0.66 1 0.66 0.56 0.462
0.08 1 0.08 0.07 0.800
35.46 30 1.18

Condition x Awak¬
ening
Condition x Awak¬
ening x Group
Error

0.00 1 0.00 0.00 0.992

0.41 1 0.41 0.76 0.390
16.02 30 0.53



xcv.

Appendix 63 Experiment 6. First Sleep period, sleep times
in minutes

PLACEBO

Sleep
onset SV/S NREM REM TST

8.33 13.67 70.00 0.33 70.32
25.33 21.33 34.66 0.33 38.66
10.00 48.66 88.99 0.67 89.66
12.33 15.67 45.34 0.33 45.67
8.00 24.00 69.00 3.33 99.66
7.00 43.00 81.67 0.33 82.33
26.67 53.00 66.67 1.00 67.67

REM-15 1.67 57.67 133.34 4.67 151.68
49.33 9.33 30.33 0.33 35.66
16.67 74.66 94.99 2.33 97.32
9.67 10.34 47.00 0.33 66.34
16.00 45.33 76.32 0.33 84.33
10.67 30.34 41.00 0.33 42.34
42.00 18.00 36.32 0.33 40.99
1.33 69.33 77.00 0.33 77.33
11.67 50.67 91.34 1.33 94.34

4.67 37.67 66.00 0.67 91.67
4.33 38.66 66.33 0.33 66.66
38.67 43.67 59.00 0.33 60.33
24.00 36.67 69.00 1.33 71.00
10.33 17.33 49.33 0.33 56.99
14.00 27.67 60.34 0.33 61.34
15.33 32.00 47.67 0.33 49.00

REM-Dep 9.33 33.67 44.67 0.33 45.00
6.00 32.67 92.67 0.33 97.67
32.00 20.67 35.00 1.33 42.66
12.67 50.00 64.00 0.33 64.33
15.67 46.33 54.66 1.33 55.99
2.67 49.00 74.33 0.33 81.33
18.33 39.67 84.67 1.00 87.99
25.00 41.34 55.67 0.33 56.00
12.00 43.00 60.67 0.33 61.00

Continued
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Appendix 63 continued

DOXXCYCLINE

Sleep
onset sws NREM REM TST

1.00 28.34 61.67 0.33 62.33
20.67 29.00 65.67 0.67 67.01
10.33 37.34 79.34 0.33 79.67
6.33 80.67 100.00 0.33 100.33
7.00 16.67 62.34 0.33 86.67
16.33 41.67 64.00 2.67 67.00
56.32 50.33 64.33 1.00 65.33

RM-15 64.67 31.34 44.67 0.67 45.34
18.00 a. 67 53.00 0.33 53.33
18.00 43.00 62.33 0.33 65.99
11.00 16.00 40.67 0.33 41.67
26.67 12.33 30.33 0.33 31.66
24.00 41.33 73.00 0.67 76.00
3.00 45.00 71.67 0.33 74.33
25.00 38.66 61.66 0.33 62.66
16.67 27.67 54.67 0.33 56.33

6.67 38.67 72.67 0.33 96.33
19.33 24.33 57.33 0.33 65.99
15.33 40.34 63.67 0.33 68.67
14.67 7.33 17.66 0.33 25.66
19.33 10.00 58.00 0.33 73.33
3.67 15.66 31.33 0.33 33.33
53.33 37.00 65.33 0.33 66.99

REM-Dep 10.33 40.00 47.33 0.33 47.66
10.67 19.33 63.00 0.33 77.66
16.67 27.65 48.33 0.33 48.66

- 34.33 30.67 52.34 0.33 53.67
25.33 53.67 67.67 0.33 68.00
11.00 68.34 94.01 0.33 97.67
51.67 49.67 127.67 0.33 129.00
12.33 71.34 78.67 0.33 79.00
28.67 50.33 67.33 2.67 76.00



xcvii.

Appendix 64 Experiment 6. Sleep-retention interval,
sleep times in minutes

PLACEBO

Sleep
onset SWS NREM REM TST

40.66 57.66 145.32 17.67 167.99
24.00 35.66 90.32 16.66 108.32
39.00 24.00 91.66 15.00 134.33
32.67 70.00 130.00 18.66 150.99
23.67 38.67 129.33 15.33 145.33
8.33 11.33 64.00 15.66 84.66
51.00 54.00 108.00 15.00 127.00

R£M-15 115.00 44.67 95.00 22.00 120.00
10.34 32.99 87.99 15.33 103.32
26.67 40.00 70.33 10.67 89.00
23.67 40.00 108.34 12.67 132.34
25.67 57.01 122.00 15.00 139.34
23.00 44.33 113.33 15.33 130.99
44.00 32.67 115.01 13.67 144.68
4.66 46.67 105.01 17.67 123.68
15.00 20.00 76.67 15.00 92.34

15.33 25.00 83.33 0.66 96.66
27.00 27.00 110.00 1.66 114.99
26.00 42.00 102.00 3.00 112.00
79.33 23.00 53.67 0.66 55.33
20.34 16.34 73.01 3.67 77.35
68.33 20.01 87.01 0.66 91.67
6.33 44.66 110.66 0.66 112.32

REM-Dep 26.67 11.00 96.00 0.66 97.66
15.33 10.33 61.67 1.33 66.67
34.00 36.33 81.33 0.66 83.99
22.00 40.01 85.34 0.66 87.67
12.67 31.33 61.00 0.66 61.66
15.00 37.34 116.01 0.66 116.67
37.00 20.33 87.00 1.33 90.00
78.00 14.33 48.66 0.66 64.65
44.67 34.67 78.00 3.33 83.99

Continued
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Appendix 64 continued

DOXYCYCLINE

Sleep
onset svs MREM REM TST

7.34 27.67 89.67 16.33 106.00
22.00 42.67 125.00 15.00 147.00
21.00 35.00 113.66 12.33 128.65
21.33 0.00 130.00 13.33 144.33
-49.33 53.67 129.67 11.00 142.67
15.33 72.01 135.68 15.00 152.68
20.67 43.00 83.66 15.00 98.66

REM-15 51.66 32.00 67.33 21.66 90.32
16.33 47.67 124.67 15.66 141.99
21.00 50.67 124.67 13.00 141.67
21.00 42.33 96.00 18.00 114.33
22.33 57.01 135.01 14.00 156.01
34.00 46.00 73.67 13.33 92.33
9.33 42.33 121.00 16.00 141.00
18.34 33.33 98.66 13.33 116.99
24.33 76.33 139.33 16.66 157.66

25.34 35.33 79.33 0.66 85.66
54.00 53.33 126.33 0.66 137.99
6.00 32.67 102.33 1.33 113.32
26.67 5.33 36.00 1.00 38.67
51.00 21.00 89.00 4.33 106.66
32.34 26.33 86.99 0.66 89.98
14.00 27.00 99.00 1.00 105.00

REM-Dep 16.33 39.66 74.66 1.66 82.32
37.00 18.67 53.01 0.66 55.67
45.00 23.66 106.33 1.33 109.66
20.33 18.66 97.33 8.66 106.66
15.67 32.66 89.33 1.33 90.66
22.34 16.67 69.00 7.00 77.34
87.00 41.67 71.01 5.34 76.68
21.34 56.00 94.00 3.33 98.33
46.00 52.34 89.01 0.66 91.34
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Appendix 65 Experiment 6, First sleep period, 2x2 ANOVA's

Sum of Degrees of Mean Prob¬

Squares freedom Square F Ratio ability

Mean 21024.84 1 21024.84 107.42 0.001
Group 0.17 1 0.17 0.00 0.977
Error 5871.85 30 195.73

Condition 383.47 1 383.47 1.83 0.186
Condition x Group 6.25 1 6.25 0.03 0.864
Error 6291.92 30 209.73

Sleep onset

Sum of Degrees of Mean Prob¬
Squares freedom Square F Ratio ability

Mean 85583.63 1 85583.63 245.66 0.001
Group 1.09 1 1.09 0.00 0.956
Error 10451.40 30 348.40

Condition 1.46 1 1.46 0.01 0.938
Condition x Group 0.04 1 0.04 0.00 0.989
Error 7146.04 30 238.20

sws

Sum of Degrees of Mean Prob¬

Squares freedom Square F Ratio ability

Mean 258789.00 1 258789.00 551.58 0.001
Group 92.66 1 92.66 0.20 0.660
Error 14075.32 30 469.18

Condition 68.74 1 68.74 0.15 0.701
Condition x Group 236.35 1 236.35 0.52 0.478
Error 13753.36 30 458.45

NREM

continued
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Appendix 65 continued

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

28.69 1 28.69 48.82 o.OOl
1.27 1 1.27 2.17 0.151
17.63 30 0.59

Condition
Condition x Group
Error

1.26 1 1.26 1.83 0.186
0.50 1 0.50 0.72 0.402
20.67 30 0.69

REM

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

299146.50 1 299146.50 525.71 0.001
64.73 1 64.73 0.11 0.733

17071.01 30 569.03

Condition
Condition x Group
Error

123.79 1 123.79 0.25 0.620
678.01 1 678.01 1.37 0.251

14829.49 30 494.32

TST



ci.

Appendix 66 Experiment 6. Sleep-Retention Interval,
2x2 ANOVA's

Sum of Degrees of Mean Prob¬

Squares freedom Square F Ratio ability

Mean 58323.07 1 58323.07 108.63 0.001
Group 434.21 1 4-34-. 21 0.81 0.376
Error 16106.30 30 536.88

Condition 300.A1 1 300.41 0.87 0.357
Condition x Group 24-5.63 1 24.5.63 0.71 0.405
Error 10315.75 30 343.86

Sleep Onset

Sum of Degrees of Mean Prob¬

Squares freedom Square F Ratio ability

Mean 81653.31 1 81653.31 724.46 0.001
Group 2712.93 1 2712.93 24.07 0.000
Error 3381.28 30 112.71

Condition 222.49 1 222.49 0.68 0.415
Condition x Group 3.64 1 3.64 0.01 0.916
Error 9750.38 30 325.01

SWS

Sum of Degrees of Mean Prob¬
Squares freedom Square F Ratio ability

Mean 588545.63 1 588545.63 1161.65 0.001
Group 8617.49 1 8617.49 17.01 0.001
Error 15199.38 30 506.65

Condition 416.82 1 416.82 0.89 0.352
Condition x Group 180.20 1 180.20 0.39 0.539
Error 14005.77 30 466.86

NREM

continued
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Appendix 66 continued

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

Condition
Condition x Group
Error

4925.87 1 4925.87 531.20 0.001
2761.73 1 2771.73 297.82 0.001
278.19 30 9.27

4.52 1 4.52 0.85 0.365
25.48 1 25.48 4.78 0.037
159.95 30 5.33

REM

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

Condition
Condition x Group
Error

753814.44 1 753814.44 1403.92 0.001
22028.98 1 22028.98 41.03 0.001
16108.08 30 536.94

266.67 1 266.67 0.55 0.462
10.02 1 10.02 0.02 0.886

14422.78 30 480.76

TST



ciii.

Appendix 67 Experiment 6. Retention Interval (hours) data

Placebo

Doxycycline

Placebo Doxycycline

4.30 2.62
3.48 3.87
3.63 3.98
4.53 3.88
3.60 4.10
3.50 3.33
4.05 3.43
4.67 3.58
3.23 3.47
2.82 3.65
3.37 3.40
4.10 3.88
3.43 2.90
4.15 3.48
3.17 3.25
2.88 4.25

3.23 4.82
3.30 2.92
2.92 2.40
2.60 3.50
3.77 3.37
3.08 2.80
1.50 1.08
3.22 3.25
2.62 2.33
3.15 4.18
3.42 3.53
2.80 3.07
1.38 1.55
3.82 2.87
1.02 1.42
2.88 3.48



civ.

Appendix 68 Experiment 6. Retention interval time, 2x2 ANOVA

Sum of Degrees of Mean Prob¬
Squares freedom Square F Ratio ability

Mean 671.24 1 671.24 814.07 0.001
Group 9.56 1 9.56 11.59 0.002
Error 24.74 30 0.82

Condition 0.00 1 0.00 0.00 0.993
Condition x Group 0.21 1 0.21 0.35 0.365
Error 7.58 30 0.25



Appendix 69

cv.

Experiment 6. Memory data

REM-15

REM-Dep

Initial learning

First sentence Second sentence

Placebo Doxyeye line Placebo ' Doxycycline

7 12 H 7
10 7 8 12
13 12 9 6
10 20 7 6
6 4. 6 5
6 6 8 6
13 10 8 9
8 13 10 8
7 8 8 5
6 9 10 7
6 9 8 6
18 12 20 9
7 9 15 13
11 13 10 10
H 10 5 A
12 12 10 9

19 13 31 23
12 8 9 12
9 12 11 8
12 10 12 8
18 9 9 12
5 6 U 5
9 12 6 7

15 12 10 7
7 7 4* 7
10 12 13 13
11 11 6 8
24 18 13 8
8 9 6 9
10 5 5 6
10 U 12 7
13 8 8 6

continued
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Appendix 69 continued

REH-15

REM-Dep

Savings %

Second sentence First sentence

Placebo Doxycycline Placebo Doxycycline

35.71 0.00 -28.57 41.67
37.50 41.67 50.00 0.00
33.33 33.33 53.85 66.67
42.86 33.33 60.00 80.00
50.00 20.00 50.00 0.00
50.00 16.67 33.33 16.67
25.00 55.55 53.85 60.00
40.00 25.00 25.00 53.85
37.50 40.00 28.57 62.50
70.00 28.57 50.00 44.44
50.00 0.00 33.33 33.33
65.00 33.33 61.11 50.00
46.67 23.08 -14.28 -11.11
60.00 50.00 63.64 61.54
40.00 25.00 78.57 70.00
20.00 33.33 33.33 50.00

48.39 52.17 15.79 15.38
44.44 66.67 58.33 50.00
36.36 25.00 22.22 50.00
58.33 -12.50 58.33 10.00
44-.44 50.00 72.22 33.33
50.00 40.00 60.00 50.00
50.00 28.57 66.67 58.33
40.00 -28.57 60.00 25.00
50.00 71.43 71.43 71.43
53.85 46.15 40.00 a.67
33.33 0.00 63.64 27.27
38.46 0.00 66.67 55.55
50.00 44.44 62.50 44.44
40.00 33.33 70,00 20.00
33.33 -28.57 20.00 35.71
50.00 33.33 69.23 50.00

continued



cvii.

Appendix 69 continued

REMF-15

REM-Dep

Relearning

Placebo Doxyeyeline

9 7
5 7
6 4
A A
3 A
A 5
6 A
6 6
5 3
3 5
A 6
7 6
8 10
A 5
3 3
8 6

16 11
5 A
7 6
5 9
5 6
2 3
3 5
6 9
2 2
6 7
4 8
8 8
3 5
3 A
8 9
A 4



Appendix 69 continued

cviii.

REM-15

REM—Dep

Paced recall

Placebo Doxycycline

35 29
19 9
9 18
13 0
27 38
0 0
34 11
16 8
27 30
14 7
22 16
22 27
12 4
22 22
21 18
20 21

0 4
24 9
9 10
25 15
11 15
30 31
18 29
15 29
31 30
10 8
9 3
4 1
25 15
17 17
0 5
29 33



cix.

Appendix 70 Experiment 6. Initial learning, First and Second
sentences, 2x2x2 ANOVA

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

12422.76 1 12422.76 299.4s 0.001
33.01 1 33.01 0.80 0.379

. 1244.42 30 41.48

Condition
Condition x Group
Error

29.07 1 29.07 4.00 0.055
2.26 1 2.26 0.31 0.581

217.92 30 7.26

Sentence
Sentence x Group
Error

70.51 1 70.51 4.44 0.044
0.95 1 0.95 0.06 0.809

476.79 30 15.89

Condition x Sen¬
tence
Condition x Sen¬
tence x Group
Error

8.51 1 8.51 1.33 0.257

27.20 1 27.20 4.26 0.048
191.55 30 6.38



ex.

Appendix 71 Experiment 6. 2x2 ANOVA's on Savings % (Second
sentence) and Savings % (First sentence)

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

83004.88 1 83004.88 207.50 0.001
6.27 1 6.27 0.02 0.901

12000.72 30 / 400.02

Condition
Condition x Group
Error

4627.13 1 4627.13 14.07 0.001
46.89 1 46.89 0.14 0.709

9865.27 30 328.84

Savings % (Second sentence)

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Group
Error

12/.823.88 1 124823.88 165.76 0.001
649.54 1 649.54 0.86 0.360

22591.47 30 753.05

Condition
Condition x Group
Error

570.43 1 570.43 1.66 0.207
1284.52 1 1284.52 3.74 0.062
10291.05 30 343.03

Savings % (First sentence)



cxi.

Appendix ^2 Experiment 6. 2x2 ANOVA, Paced recall

Sum of Degrees of Mean Prob¬
Squares freedom Square F Ratio ability

Mean 18292.41 1 18292.41 97.28 0.000
Group 56.24 1 56.24 0.30 0.588
Error 56A1.16 30 188.04

Condition 52.56 1 52.56 1.60 0.216
Condition x Group 42.25 1 42.25 1.29 0.266
Error 985.18 30 32.84

Paced recall



cxii.

Appendix 73 Experiment 7. Haw memory data

Initial Free Paced Savings
learning Relearning recall recall %

31 6 10 5 80.65
No Sleep 23 3 12 6 87.00

4.
28 13 4 3 53.57

»

32 9 7 8 71.88
Placebo 44 7 8 8 84.09

AO 8 3 4 80.00

29 13 7 2 55.17
No Sleep 35 5 9 8 85.72

J. 16 7 9 8 56.25
T

AO 5 12 7 87.50
Doxycycline 35 5 6 4 85.71

29 8 6 6 72.41

32 9 4 3 71.88
Sleep 49 14 3 2 71.43

22 6 9 8 72.73
T

50 4 2 2 92.00
Placebo 15 5 6 1 66.67

24 4 10 8 83.33

25 10 8 7 60.00
Sleep 34 17 6 6 50.00

4. 49 10 10 10 79.60
T

42 13 4 1 69.05
Doxycycline 38 12 4 5 68.42

55 6 6 4 89.09



cxiii.

Appendix 74 Experiment 7. 2x2 ANOVA's on Initial learning,
Free recall, Paced recall and Savings %

Sum of Degrees of Mean Prob¬

Squares freedom Square F Ratio ability

Mean 27812.02 1 27821.02 243.45 0.001
Sleep 117.04 1 117.04 1.02 0.324
Condition 57.04 1 57.04 0.50 0.488
Sleep x Condition 176.04 1 176.04 1.54 0.229
Error 2284.83 20 114.24

Initial learning

Sum of Degrees of Mean Prob-
Squares freedom Square F Ratio ability

Mean

Sleep
Condition
Sleep x Condition
Error

1134.38 1 1134.38 135.99 0.001
18.37 1 18.37 2.20 0.153
3.37 1 3.37 0.40 0.532
0.04 1 0.04 0.00 0.944

166.83 20 8.34

Free recall

Sum of Degrees of Mean Prob-
Square3 freedom Square F Ratio ability

Mean

Sleep
Condition
Sleep x Condition
Error

661.50 1 661.50 90.82 0.001
6.00 1 6.00 0.82 0.375
4.17 1 4.17 0.57 0.458
2.67 1 2.67 0.37 0.552

145.67 20 7.28

Paced recall

continued



cxiv.

Appendix 7/4 continued

Sum of Degrees of Mean Prob¬
Squares freedom Square F Ratio ability

Mean 131140.38 1 131140.38 801.19 0.001
Sleep 27.56 1 27.56 0.17 0.686
Condition 131.85 1 131.85 0.81 0.380
Sleep x Condition 31.52 1 31.52 0.19 0.665
Error 3273.65 20 163.68

Savings %

Note:

Sleep = (No Sleep vs Sleep)
Condition ■ (Placebo vs Doxycycline)
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