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ABSTRACT

The purpose of the study was to monitor the brain's

responsiveness to significant stimuli during wakefulness and

natural sleep.

Tones whose significance had been established by
Classical or Operant conditioning procedures were used as the
stimuli, Averaged auditory evoked potentials (AEPs) were recorded
from both cortical and reticular areas in the brain of squirrel

monkeys,

Analysis of the AEP waveform was undertaken with a
multivariate procedure,

Changes in the overall form of the AEPs were evident
after the training procedures, and there were indications that the

brain, particularly in the reticular area was selectively responsive

to the CS during natural sleep,
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I. INTRODUCTION

A. Selective sensitivity during sleep

For Pavlov, "the fundamental and most general function of the
hemispheres is that of reacting to signals presented by innumerable
stimli of interchangeable significance". (Pavlov, 1929).

What are the mechanisms that enable an organism to respond
selectively to different stimuli? What nervous structures are involved
in the discrimination of these innumerable stimuli? How does it
recognize the significant from the non-informative?

Such questions, raised long before Pavlov, are still
encouraging much research into the relationships between brain and
function behaviour. Somehow the nervous system encodes the information
it receives, checks it against a store of previous data, and responds
in an appropriate fashion.

It is a common-place observation that we can block out input
from certain sources and attend to only a significant or important
message. The mother, we are told, will waken readily to the =small
sound of her baby crying, but will sleep through the sound of jet
planes that habitually fly over her house. She would appear, in other

words, to be selectively responsive to important sounds even while

asleep.

How the brain performs such selection and what it does with
the rejected input is still largely a mystery, but it seems clear
that, in spite of Pavlov, the cortex is not all important in the

analysis of incoming stimuli-- conditioned or unco~ditioned. For

instance, since the classical description of the reticular activating



system (Moruzzi and Magoun, 1949), much attention has been paid to

the role that the mid-brain reticular system plays in the

recognition and elaboration of incaming signals. This lower brain
area that receives input from all the afferant pathways could provids
the anatomical possibility for much modification of stimulus input out-
side the cortex. Various studies have shown that the development and
maintenance of a stimulus "signalling capacity" involves such cortico-
subcortical relations. (Anokhon, 1961; Galambos, 1961; Magoun, 1961;
Morrell, 1961; Adey, 1962; Hernandez-Peon, 1966; John, 1967.).

More will be said later concerning the role of the reticular
system, but first, evidence relating to the abilities of the
"sensitive mother" previously mentioned will be considered. Is there,
in fact, any evidence, outside of anecdote and folklore that would lead
us to believe that the brain is selectively sensitive during natural
sleep?

Clearly, to be certain that the selective sensitivity is to the
meaning of the stimulus we must control for both stimulus intensity and
stimulus novelty. The mother may be responding to the child's ery not
because it is of particular significance to her but because, within
the context of the ordinary background stimuli that are present during
sleep, it is a novel event. Again, a person may respond to his own
name and not others only because it was spoken more loudly. Such
confounding influences are, however, relatively easy to control.

In a series of studies, Oswald (1960; 1966) demonstrated
rather simply that people are selectively rssponsivs to names of
particular significance to them. Volunteer subjects slept in the

laboratory where their scalp EEG was continuously recorded. A list of



about 50 tape recorded names of the same physical intensity was played
to the subjects while they slept. Previous instructions required the
subject to clench his fist whenever he heard his own name. Although
spontaneous arousals during sleep (defined by slow waves in the EEG)
were rare, fist clenching and cortical arousal (elicitation of the K
complex) contingent on presentation of the subject's own name, occurred
frequently, Even more interestingly, the cortical arousal responsce was
evident even though the fist clenching response sometimes failed to
occur. The brain was responsive even though the called-for behavioural
response was apparently not made.

In a similar vein, Wilson and Zung (1966) have also
demonstrated selective sensitivity during sleep. In this study, a
response was defined as any change in the EEG to a lighter stage of
sleep from the on-going level. "Motivating" sounds, i.e.; those
previously specified as target signals, produced more responses than
"neutral" sounds, such as gongs and animal noises. Incidentally,
Wilson and Zung report that females in their study were more
responsive to the neutral sounds than males. There was, however, no

difference between men and women in their responsiveness to the

motivating stimuli.
Four different sleep stages were distinguished according to

the system proposed by Davis (Davis, et. al.; 1937), and the subject's
responsiveness during different sleep levels was analysed separately.

Although responsiveness to the *motivating" sounds was uniformly high

“nring all sleep stages, responsiveness t¢ ‘he neuiral eounds

diminished linearly as the subjects moved deeper into sleep. Thus,



for the subjects as a whole, 90% of the M"motivating" stimuli produced a
response even during the deepest stage of sleep, but only 25% of the
neutral sounds were effective in producing a change in the EEG from level
4 to a lighter stage of sleep.

In Oswald's previously mentioned study, the subjects were shown to
be selectively responsive to their own names, whereas Wilson and Zung's
subjects were differentially responsive to "target" sounds, i.e. - they
were told that they would be rewarded if they awakened when a particular
sound occurred, e.g.; a telephone ringing. The "motivating" nature of
these sounds was, therefore, artificially created. We might assume that
the sound of one's own name would be more naturally motivating, however,
it should be noted that Oswald's subjects were instructed to respond to
their own name. He did not show that subjects were selectively responsive

without prior instructions. Nevertheless, both studies would seem to

demonstrate that the brain, as evidenced by changes in the cortical EEG,

is selectively responsive to certain erucial” sounds during natural

(i.e.; non drug-induced) sleep.

B. Learning During Sleep.

(i) Complex Verbal Material.

Of relevance to the question of responsiveness during sleep are
studies concerned with the reported phenomena of learning during sleep.
Such studies, particularly those that attempt to establish a discriminat-
ory response, are germané in that the brain must be selectively responsive
if a conditioned response is to be elaborated during sleep. Some years
ago, Emmons and Simon reviewed the existing work that purported to show

that learning could take place during sleep (Emmons and Simon, 1955). A'1

of the studies that claimed positive results were considered inconclusive

because of methodological inadequacies. A particular criticism concerned



the lack of proper criteria to determine whether the subjects were, in
fact, asleep while the stimulus material was being presented.
Subsequent, well controlled studies by Emmons and Simon (Simon and
Emmons, 1956; Emmons and Simon, 1956), supported their belief that

learning could not occur while subjects were asleep.

In the first study, subjects were presented with tape recorded
questions and answers, e.g.; "Where did General Grant work before the
Civil War?" Answer: "In a hardware store". Subjects were required to
report immediately if they heard any of the answers. The next day, they
were tested for retention of the material in a multiple choice test.

The occipital EEG was continuously monitored, but the stimulus material
was presented, regardless of the stage of sleep that was evident. The
sleep stages were defined in terms of how much Alpha activity was
present. Results indicated that both the number of items answered
correctly and the nmumber of immediate reports of having heard the answer
during the previous night were directly related to the amount of Alph=
present in the EEG when the stimulus material was presented. When Alpha
activity was completely absent, virtually no items were recalled, and
there were no immediate responses. In other words, when the subject was
clearly deeply asleep, ho learning occurred.

The second study (Bmmons and Simon, 1956), was performed to test
the effect of repetitive stimulation. A list of 10 one-syllable nouns
was presented repeatedly, but only when the EEG showed an absence of

Alpha activity. There was no evidence in a recall test that the

subjects had learned the nouns during slee~.



(11) Conditioned responses.

More recently, Beh and Barratt (1965) reported a series of
experiments indicating that a classically conditioned discrimination,
elaborated during wakefulness, is retained during medium level
(Stage C) sleep. They also report that they were able to establish
the discrimination during stage C sleep. In the first experiment,
random presentations of both a 500 and a 300 c¢ps. tone were made until
they no longer produced blocking of the on-going Alpha activity.

After this habituation session, the experimental group received
presentations of the 500 cps. tone paired with painful shock to the
finger. Presentations of the 300 cps. tone were also made, but were
never paired with shock. The control group simply received
presentations of both tones without any shocks. Analysis of the data
revealed that the experimental subjects showed significantly more
conditioned Alpha blocking to the 500 cps. tone than the control group.
In subsequent tests during sleep the criterion for a conditioned
response was a cortical arousal response (K-complex).. During stage C
sleep, the experimental group again showed more conditioned dis-~
criminative responses than the control group. Beh and Barrett
concluded from this that the subjects were differentially responsive
during sleep to a stimulus whose significance had been "built in" by
the conditioning procedure.

The next experiment by Beh and Barratt demonstrated that it was
possible to establish a conditioned cortical arousal response during
sleep., This time the 3QQ cps. tone was paired during sleep with the
shock (the US for the elicitation of the i-complex) for the

experimental subjects, while the control group again received both



tones unpaired with shock. Once again, the experimental group showed
more conditioned responses than the control group. It should be
noted that in the latter experiment the subjects were administered a
dose of Chloral Hydrate (0.6 gm.) to help induce sleep.

From Beh and Barratt'!s data, then, it would seem that a
classically conditioned discriminatory response can be retained and
established at least during medium levels of sleep. However, as the
authors point out, we camnot conclude from this data that similar
results would be found if the stimuli were more complex, e.g.; verbal
instructions.

Granda and Hammack (1961), in an experiment employing operant
conditioning techniques, also report positive results with regard to
conditioning during sleep. Five subjects were required to learn 2
switch closing responses. A Sidman avoidance schedule was set up
under control of the left hand. The shock-shock interval was 3 secs;
thus, a subject could avoid all shocks, which were delivered to the
right leg, by responding at a rate higher than one response every 3
seconds. A fixed ratio schedule of "time-out" periods was programmed
on the right-hand switch; that is, the subjects could get time out
from the Sidman schedule by making a fixed number of right-hand

responses. Ten seconis before the end of these "time—out" periods, a

loud buzzer was sounded next to the subject's ear. A signal light

mounted in front of the subject's head was tumed on after ten seconds
of the buzzer - this 1light signalled the beginning of the next Sidman
avoidance session. Grande and Hammack's treatmert of the results <;

very superficial. They claim, however, that the subjects learned to

respond appropriately on both the Sidman schedule and the "time-out"



schedule 'without returning to the electroencephalographically defined
"waking state®. The implication is that the subjects neither heard
the "loud buzzer" nor saw the signal light, but, as the authors point
out, the bulk of their positive data came from "light" sleep stages.
It seems quite possible, then, that Granda and Hammack's subjects were
more awake than asleep.

An experiment in which care was taken to see that the subjects
were not awake during the conditioning procedure was performed by
Weinberg (Weinberg, 1966). SubjJects received 25¢ if they were able to
close a manually operated switch within 15 seconds of the onset of the
"positive!" tone. If they failed to respond correctly within the 15
second 1limit they were "punished" by being awakened by a loud bell.
They also received the 25¢ reward if they did not close the switch
when the "negative! tone was presented.

The EEG was sampled aperiodically throughout the night, and if
the subject showed stage C, D, or E activity (medium through deep sleep)

he was tested for responsiveness by being presented with five 100 volt,

condenser discharged shocks. These shocks had been previously tested
while the subjects were awake, and they were found to be sufficiently
intense to elicit peripheral vasoconstriction and to be described as
painful. The conditioning procedure was begun only if there was no
vasomotor response and no behavioural or EEG arousal. With this cautious
procedure, the subjects received on the average, one tone (either positive

or negative) an hour throughout the night. To complete the experiment,

subjects returned to the lauvoratory 2 to 4 times a week for up % : 3

months,



Three out of five of the subjects gave clear indication of
a gradual acquisition of a discriminatory response to the 2 tones,
The remaining 2 subjects seemed to make the discrimination from the
beginning of the experiment. It seems, then, that Weinberg,
admittedly with a limited number of subjects, has demonstrated the

possibility of establishing a conditioned discrimination during

relatively deep sleep.
We can add at this point that studies using animal subjects

confirm that discriminations learned in the waking state are still

evident in terms of selective EEG desynchronization responses during

sleep. But even here, as of course in the case of the human studies,

direct readings from the reticular area have not been made. Also,
results have been presented in terms of EEG de-synchronization or the
elicitation of the K-complex. Reticular recordings would be
particularly important in this regard since it is now known that the
K-complex is elicited in the cortex via the reticular system

"rather than via the direct specific afferent pathways, as previously
thought (Brazier, 1968).

To summarize briefly; it would seem that although there is no
evidence to support the notion that complex psychological material
can be learned during sleep, there is same evidence that subjects are
responsive to certain torucial? or significant sounds., The
significance of the sound may be relatively "natural", such as the
subject's own name, or it might be built in by means of a Classical

or Operant conditioning procedure. Condivioned discriminations

elaborated during wakefulness are retained during sleep.




Deep sleep and wakefulness may be viewed as widely separated
states so far as the organism's responsiveness is concerned. Whether
a stimulus will be responded to will depend on both the subject's
level of arousal and the importance of the stimulus. In deep sleep, a
state of relatively complete inattention, the brain might respond
(even though an overt, motor response is absent) only to stimuli of
"crucial" importance. In order to monitor the responsiveness of
various cortical and sub-cortical brain areas to these stimuli, some
stable and qualifiable index is needed. The following section presents
some of the research that has employed the Average Evoked Potential

(AEP) as such an index.
C. fThe Average Evoked Potential as an Index of Cortical and

Sub-Cortical Responsiveness to Significant Stimuli During

Different States of Attention.

(1) General Arousal.

Deep sleep has been referred to earlier as a state of
relatively complete inattention. The organism's behavioural
responsiveness to external stimuli in general is greatly diminished.
It is to be expected also that the braint's responsiveness, directly
measured, will be affected by the sleep state. Studies of the effects
of successively deeper stages of slow wave sleep on the braint's
responsiveness, as measured by the AEP, have been studied under such
headings as, for example, "the effects of general arousal'. It might

be noted here that some confusion might arise as to the meaning of

"arousal®. In the literature the term sometimes is applied to arousal

in a beiavioural sense and at other times it clearly reiers to a

neural arousal response as measured by changes in the EEG (eg., in the



Oswald studies previously mentioned). Particular difficulties arise,
for instance, with regard to so-called paradoxical sleep, which is
characterized by an EEG pattern more similar to low amplitude, high
frequency aroused state than to the high amplitude, low frequency FEG
pattern that is recorded during deep sleep. During paradoxical sleep,
the brain appears aroused, but other indices, eg., lack of responsive-
ness to external stimuli and the presence of muscle atonia, indicate
that the organism is deeply asleep. In the studies reported below,
eg., Huttenlocher, 1960; Winter, 1964; and Shagass and Trusty, 1966,
the authors talk of the effect of a decline in general arousal, The
level of arousal here is defined by changes in the EEG from "fast"
activity to low frequency, high voltage, "slow wave" sleep, Respons-
iveness during paradoxical sleep in these studies is treated as a

separate phenomena.

The effect of a decline in general "arousal" on the AEP has,
then, attracted a certain amount of attention. (Allison et al.,
1966; Shagass and Trusty, 1966). For instance, Shagass and Trusty
(1966) report results concerning visual and somatosensory cerebral
evoked potentials in humans. Briefly, they find changes that include
a systematic lengthening of latencies as sleep progresses to deeper
levels. So far as the amplitude of the AEP is concerned they report
that the initial components are enhanced while later components are
decreased. In a similar vein, Herz (1965), recording cortically and
subcortically in cats, reports an increased amplitude of cortical AEP
to avi’tory stimuli except during stages of paradoxics’ sleer.

Again, using cats, Hattenlocher (1960) has demonstrated a



diminution in the amplitude of click elicited AEPS, in the mesen-
cephalic reticular formation during naturally occurring slow-wave
sleep. Although during the waking state the click responses remained
undiminished for hundreds of presentations, the reticular response
during slow-wave sleep habituated to about 50% of it's waking state
level. However, if a period of silence intervened between series of
5 to 10 clicks, large reticular responses were again elicited. The
habituation, then, was somewhat reversible, but occurred quite
rapidly, i.e.; within 5 to 10 presentations of the clicks. It should
be noted, however, that the habituation was never complete even after
hundreds of click presentations.

Cortical responses to the clicks in the same animals were
clearly present during slow-wave sleep, although there was a decrease
in the late, (later than 50 ms. after stimulus onset) slow-wave,

components of the AEP waveform. This diminution,also reported by

Shagass et al. (1966), was not evident until after several hundred

click presentations.
When recordings were made during so-called paradoxical sleep

stages, there was almost complete suppression of the reticular

response. Similarly, there was an absence of the slow-wave component

in the cortical response, although the short latency responses were
maintained essentially the same as in the awake state..
Huttenlocher's report suggests that there is a decreased
responsiveness of the reticular system during slow-wave sleep, but
suppression of response is never complete except duriny paraduxical

sleep. Responsiveness in the cortex remains essentially the same,



except for the marked diminution of later, slow-wave components of
the AEP, As Huttenlocher points out, these late components probably
reflect a spread of activity to secondary areas, and therefore, it
appears that during sleep this secondary activation is diminished.

In a similar study, Winter (1964), results indicate that the
AEP to click stimuli does not decrease at all in amplitude during
sleep. If anything, his data appears to show a slight increase in
amplitude compared to that found during the waking state. One possible
reason for this contradiction of Huttenlecher's results is that Winter
used a variable interstimulus interval specifically to decrease the
possibility of habituation. In Winterts study, the inter-click interval
varied between 0.5 and 6.0 seconds, whereas in the Huttenlocher study,
it was maintained constant at 3.2 secs.

The stimuli used in the previously mentioned studies were of no
particular significance to the subjects, ie; they were neutral clicks.
Although there is conflicting evidence concerning the habituation of
the reticular response during sleep, it is clear that habituation is no-~
where near complete, even after hundreds of presentations. It can be
noted also that analysis of the changes in the waveform of the AEP were
confined mostly to the observations of changes in amplitude alone.
Attempts were not made to deal with the configuration of the waveform
as a whole.

(11). Selective Responsiveness.

AS we noted earlier, subjects are sometimes responsive only to
stimuli of particular significance. Although they may he quite awake
in general, it is as though they were asleep so far as certain, usually

habituated or non-important, stimuli are concerned.



Much recent research investigating AEPs during these states
of what might be termed, "selective responsiveness", has been done
under the heading of shifts in attention. The later findings tend to
support Hernandez-Peon's early paper concerning the effects of visual
distraction on the amplitude of auditory evoked potentials in the
cochlear nucleus of the cat. (Hernandez~Peon et. al., 1956). In
general, it seems that AEPs are greatest to stimuli that are of most
significance to the organism. (Haider, et. al., 1964; Garcia-Austt,
et. al,, 1964; Guerro-Figueroa and Heath, 196k; Satterfield, 1965;
Spong, et. al., 1965). The Haider et. al. paper deserves some special
attention in that they recorded AEPs to both significant and non-
significant stimuli during different phases of a signal detection
experiment. They used a vigilance situation in which the subjects,
(humans), were required to detect a particular visual stimulus in a

series of other non-significant flashes. Over the course of the

experimental session, as general vigilance declined, the amplitude of
the AEPs decreased. However, they note in particular that the evoked
potentials to signals that a subject failed to detect were reduced in
amplitude in comparison with the AEP to the same stimulus when it was

detected. The differences in the AEPs to detected versus missed

signals were equally evident both early and late in the vigilance

Session, thus indicating that the differences were not, due to a general

decline in vigilance.
(111) The AEP and Conditioned Stimmli.

So far, mention has been made of the effects cf ~rcusal and

attention on AEPs elicited by neutral and important stimuli. The
"importance" of the stimulus was typically established by instructions

or, as in the case of Hernandez-Peon's cats, a basically neutral
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stimulus was made even less important by introducing an 'innately!
distracting stimulus." Another way, however, to make a stimulus

important, as was pointed out above, is to use it as a conditioned or

discriminative stimulus for some response.
Typical findings report that a stimulus which no longer elicits a
high amplitude AEP due to habituation, will do so again if it is made
significant by pairing the stimulus with positive or negative re-
inforcement. (Galambos, 1961; John and Killam, 1961; Gasanov, 1966;
Pribram, et.al., 1967; Mark & Hall, 1967; Hall & Mark, 1967).

A typical example, Hall and Mark (1967), reports amplitude

changes in click evoked AEPs recorded both cortically and in the

reticular area of rats. Trains of the click stimuli were used as g

CS in a fear conditioning (Conditional Emotional Response) situation.
The amplitudes of late components of the AEPs recorded from auditory
cortex, medial geniculate body and reticular formation increased during

conditioning, fell back to preconditioning levels during extinction,

and increased again with further conditioning sessions.
We might note here, as Galambos points out, that the

particular training method affects the changes that occur in the AEP

over the course of training. For instance, if, instead of simply

pairing the stimulus with some form of reinforcement, it is used as a

signal for an operant response, the AEP to the CS is often found to

decrease during acquisition. We might further note once again that,

in these studies, the analysis of the AEP was concerned with changes

in the amplitude of the response. The amplitude of the AR” is, of

course, only one of a number of parameters that could be examined.



Some studies that attempt to deal with some more complex aspects of
the AEP waveform will be mentioned below.

D. The AEP: Index or Code?

In dealing with the AEP as a measure of brain activity, we
must distinguish, as Uttal (1965; 1967) points out, between signs and
codes. Does the waveform of the AEP in some way accurately reflect
the physiological code for the elicitation of some specific
behavioural response? Can it be shown that the differences in AEPs
elicited by "meaningful® as opposed to "non-meaningful® stimuli do,
in fact, constitute the informational value of the stimulus rather
than merely reflecting a general change in the cortical activity of
the subjects? Are the changes in the AEP that are contingent on
changes in the independent variables merely "signs" that the brain is
in a different state or do they accurately indicate the particular
way that information has been encoded and stored?

In the animal studies mentioned above (Huttenlocher, 1960;
Winter, 1964) the authors are clearly using the changes in the AEP

to reflect general changes in the brain's responsiveness, The AEF

is used as an index, or tracer device, to indicate what areas of the

brain are more or less responsive during different states of arousal.
Hall and Mark (1967), in the previously mentioned paper and a
subsequent study (Mark and Hall, 1967), specifically argue that the
changes in the AEP during conditioning result from a general change
in the state of the animals rather than being due to associative
factors, They demonstrate that the same amplitude changes in the

click-evoked responses are evident when the animals have been fear-

16
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conditioned, using a visual CS. They argus, then, that the observed
changes occur because the animal is fearful, rather than as a result
of the conditioning procedure per se. The AEP amplitude changes index
the state of conditioned fear, rather than indexing changes in the way
the CS is encoded as it becomes associated with the UCS. However, in
some other recent conditioning studies (Pribram et al., 1967; Ruchin
and John, 1966; John, 1967; John, et al., 1969), and in the human
studies that seek to establish physiological correlates of specific
behaviours (Donchin et al., 1963; Davis, 1964; Shipley et al., 1965;

Donchin, 1966; Donchin and Lindsley, 1966; Lifshitz, 1966; Sutton et al.,

1967), the authors are more concerned with the AEP as, in Uttal's terms,

a code. Pribram (1967), for instance, using monkeys, reports that he

can detect a differential #intention” response in flash evoked AEPs that

are recorded prior to a right or left panel push. John (1967; 1969),

argues even more strongly that the AEP specifically relates to

endogenous brain processes. That is, the waveform of the AEP

specifically indicates stored information. The AEP is, like the print-

out of a computor, the wreadout® of stored information. For example,

in his latest report, John et al. (1969), trained cats to make

differential responses to flickering lights of different frequencies.

After extensive training, reliably different AEPs were recorded prior

to the performance of each response. If a third stimulus, intermediate

in frequency between the two training stimuli, was then presented, the

"confused" cats would sometimes perform the response appropriate to

traini.g stimulus A, and somutimes that appropriate to stimulus B.

The AEP to the new stimulus, when it elicited response A, was similar
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to the waveform of the AEP elicited by training stimulus A, Similarly,
when the response appropriate to stimulus B was elicited, the AEP, to
the new stimmlus, was like that originally elicited by stimulus B.
Such data do, in fact, seem to indicate that the stimuli were trigger-
ing differential neural codes.

Similar results have also been reported in human studies
where it has been found that an "evoked" response to an expected, but
deleted, stimulus is similar to that elicited by the stimulus itself,
(Lindsley, 1969; Weinberg, 1969; Sutton et al., 1967). In such studies,
it is as though the response was "emitted" rather than "externally
evoked",

For example, in the Sutton et al. study, 1967, subjects were
uncertain as to whether an initial click would be followed by a
second click which occurred 180 or 580 msec. later. The AEP wave-
forms elicited by the initial click showed a large positive deflection
at the point in time where a second stimulus could have occurred but
did not. It is the absence of the second click, or the passage of a
certain amount of time, i.e., 180 or 580 msec., that resolves the un-

certainty of the situation. That 1is, after the time in which a

second stimulus might occur has elapsed, the subject knows for

certain that it will not be forthcoming. Sutton et al., argue that

the large positive deflection reflects the resolution of uncertainty.
In that it is not Mevoked" by a stimulus they argue that the
deflection reflects an endogenous brain process, that is related to
the subject's reaction or attitude towards the stimulus rather than
to the physical characteristics of the situation itself. Sutton's

and John's findings, then, constitute evidence suggesting that a
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stimulus-specific pattern of neural activity is laid down in the
nervous system during the conditioning process.

It is important to note that, although John talks of
"neural readout" of stored material, the actual mechanism of
information storage, e.g., in electrical or bio-chemical terms, is
left open. If we can use the computer amalogy again, the printed

output may result from information stored in a variety of ways.

E. Factor Analysis as a Method for Evaluating Changes
in AEP Waveforms.

Part of the usefulness of John's work derives from his use
of more objective, correlational, techniques to measure waveform
similarity. The correlational measures, such as those reported by
John et, al (1969), have been extended via the application of
Principal Component Factor Analytic techniques. Donchin (1966), for

instance, used a Principal Component technique to analyse AEPs from

human psycho-physical experiments. And similar techniques were

employed in same of John's earlier conditioning studies (John, et. al.,
1964).

In addition to providing an objective index of waveform
similarity, the Factor Analytic technique allows for an analysis of
the AEP into separate time related components, each of which
contributes a certain percentage of the variance in the total AEP,

The AEP can be broken down into the independent components
that make up the original waveform by plotting "factor scores" for
each of the factors that accounts for variance in the AEP,
Essentially, the digitized AEP is treated as a variable. Each of

the digitized time points or addresses of the AEP is treated as a
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"person" in a factor analytic study. AEPs collected under different
conditions, e.g.; during successive conditioning days are inter-
correlated as the first step in the generation of a matrix of factor
loadings. The similarity of AEP waveforms is reflected in the extent
to which they load on the same factors. Condensation of the original
data matrix occurs to the extent that a small number of factors are
found to account for most of the variance in the original AEPs, Rach
time point ("person") of the AEP has a score on each of the extracted
factors. If as many factors as variahles were extracted, the exact
shape of the AEP could be reconstructed by re~combining the factor
scores of all the factors. The usefulness of the technique, however,
lies in it's condensing power, in that the shape of the AEPs can be re-
constructed from the scores of a small number of factors. For instance,
in the data to be reported later, it will be seen that about 80% of the
variance in 30 or 40 AEP waveforms can be accounted for by as few as 3
factors. Of course, as noted above, the idea is not so much to re-
construct the AEP waveform from the factor scores, but to analyse it
into a small number of components that account for most of it's

variance,

There are, however, limitations in the method; such
limitations show up most obviously when we are dealing with a small
number of variables, or when it is necessary to deal with the con-

figuration of a single, isolated waveform that was gathered under

conditions that occur only once in the experiment..

With few variables, a clear factor structure may not emerge.
In the case of the single waveforms previously mentioned, the problem

is that there are no other waveforms collected under the same



experimental conditions, to correlate with it. It will tend,
therefore, to appear as a specific factor; i.e., it will be the only
variable with a high loading on a particular factor, or it will have
low loadings on a number of factors. In the latter case, significant
features of the waveform might be overlooked if we do not revert to
visual inspection of the AEP. The particular power of the method, once
again, exists in its ability to differentiate between large numbers of
visually highly similar waveforms.

The procedure as it applies to the present research will
become clearer when the specific results are presented.

In the research to be reported, evidence will be presented
which suggests (1) that specific components of the AEP are identifiable
after a stimulus has been made significant via a conditioning procedure,

and (2) that the stored information can be "readout" while the animal

is asleep.

21



II. PROCEDURE

A. Subjects and Apparatus.

Subjects were six, male, squirrel monkeys (Saimiri sciureus)
whose weight at the beginning of training was between 600-900 grams.
They were housed in a large colony cage and were maintained on a diet
of Purina Monkey Chow, supplemented by fresh fruit. Drinking water

was freely available, but feeding occurred only once a day after the

training session.

All training and recording took place in a Lehigh Valley
monkey chair, which was housed in an electrically shielded, sound:
attenuating chamber. Amplification was performed by Grass model,
7TP5A wide bank AC EEG amplifiers, and the evoked potentials were
averaged on the model 1052 LS, 1024 address, FabriTek signal
averager. The AEP waveforms were displayed on an oscilliscope,
photographed, and digitized on a Tally paper tape punch machine.

Evoked potentials were elicited by a brief (approximately

0.10 sec.), 90 db., tone. Frequency settings of the tone generator

were either 500 or 1000 cps. All AEPs consisted of the average of

6, stimulus presentations. Stimuli were programmed on standard tape

timers.

B. FElectrode Placement.

Electrodes were implanted during Nembutal anaesthesia,

Bipolar electrodes were placed in both the left and right mesen-

cephalic reticular areas. The electrodes were made from insulated

Nichrome wire. Separation of the electrode tips was 1.5 mm. The

zero reference for the anterior-posterior coordinates was a line



through the animalts external auditory canal. Zero for the vertical
coordinates was a line 1 cm. dorsal to the line through the

auditory canal. The midline zero reference was the saggital skull
suture. (Bmmers and Akert, 1963). With these references, the
reticular bipolar electrodes were placed 4,0 mm., anterior, 1.5 mm.
lateral (left and right), and were lowered to a depth of 1 mm. dorsal
to the vertical zero. Electrodes were arranged in a 7 pin Amphenol
connector, which was anchored to the skull with jewellers screws and
dental cement.

Evoked potentials were also recorded from the surface of both
temporal and occipital cortex. Cortical electrode 1 was placed
approximately 20 mm. posterior, and 5 mm, lateral. Cortical electrode
2 was placed 5 mm. mcre lateral than 1. Lateral placements were to
the left, thus electrodes 1 and 2 were placed over the left occipital
cortex in the visual association area. The temporal electrode was
placed 13 mm. left lateral, and 2 mm, anterior. This electrode was
thus placed towards the posterior portion of the mid-temporal gyrus.

Auditory evoked potentials were recorded between electrodes

2 and 3. Evoked activity from the visual area was recorded between

electrodes 1 and 2.

C. gonditioning Procedure.
(i) Classical Conditioning.

Monkeys B-1, B~2, B-3 and C-1 were trained, using a
Classical discriminative procedure. After the monkeys had learned to

scoop up the reinforcement pellets, training proceeded in 3 phases.



In phase I, the monkey was presented with both the 500 and

1000 cps., tones randomly intermixed with 045 gram Noyes sucrose pellets
which were delivered to a food cup directly in front of him, Fhase I

thus constituted a "pseudo-conditioning" control session, in which
reinforcement was never reliably contingent (or non-contingent) on

either tone, (cf. Rescorla, 1967)., Stimuli were presented aperiodically
on separate 25 second VI schedules. Each training day the monkey received

6l, presentations of each tone plus about 128 pellets,
The signal averager could be programmed to record potential

changes evoked by either stimulus, AEPs were recorded from both stimuli

on every training day. Since recordings were being made from four

different areas simultaneously, there were 256 averager addresses

available for each recording channel, Voltages were sampled every 2 msec,

after stimulus onset, The total duration of the AEP, therefore, was 512

msecs, Each address was digitized so that every waveform was described
by 256 data points,
The number of phase I training days varied from 3 to 7 for

different monkeys.,

Phase II of training was the conditioning phase in which the
sucrose pellet was always delivered 0.5 sec. after one of the tones,
Presentations of the other, negative, tone were still independently
programmed along with positive tone presentations. For monkeys B-1 and
B-3 the 500 cps. tone was positive, whereas for B-2 and C-1 the 1000

¢ps, tone always signalled the arrival of a pellet,
AEPs were collected in exactly the same way as in phase I,

and the number of phase II days varied somewhat from monkey to monkey,
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Phase 1II consisted of a repetition of from 5 to 7 days of
Phase I training. These final sessions could be thought of as

constituting an extinction session.

In all phases of training AEPs to the 500 and 1000 cps. tone
were collected first on alternate days.

It might be noted that for the monkeys trained with the
classical procedure no overt behavioural response is recorded.
Evidence concerning the establishment of conditioning consists solely
of changes in the waveform of the AEP. The "conditioned response",
then, is purely a brain response. This brain response is treated
conceptually as though it were the "conditioned response" in a
traditional classical conditioning situation. For example, instead of
looking for changes in rate of salivation or amplitude of GSR, we are

directly monitoring cortical and subcortical changes in the brain

responsiveness over the course of training. Such a procedure, is,

indeed, extremely useful, particularly in cases where, although there
is reason to believe that the animal has developed a CS-UCS
association, overt behavioural evidence is precluded; for instance,

as when the animal is deeply asleep. Direct monitoring of the brain's

response to the CS can be used to show evidence of conditioning when

an overt response is, for some reason, precluded.

We might note also that the particular classical conditioning

design used here incorporates good controls for such artifacts as

pseudo-conditioning, sensitization, and habituation. Indeed, few

studies employing the AEP as an index of conditioning have included

preconditioning ("random") sessions, discriminative conditioning
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sessions, and extinction sessions in a within animal study.
(ii) Operant Conditioning.

For two monkeys, M-8 and M-9, an operant rather than a
Classical conditioning procedure was used. The discriminative
stimulus was a 1000 cps., 90 db. tone. Over the course of 4 to 5
weeks of daily sessions, the monkey learned to press a lever for a
sucrose pellet only during tone presentations. Duration of the tone,
(Sd), was gradually decreased until finally the monkey had to press
within 1.5 seconds of the occurrence of a 0.10 sec. tone "blip". The
extent to which he had learned the discrimination was expressed i»
terms of the ratio of reinforced presses to total presses. Since the
AEP was based on the average of 64 stimulus presentations, the monkey
could earn a maximum of 64 reinforcements each session. Both monkeys
learned the "go, no-go" discrimination almost perfectly in that they
obtained all of the possible pellets while making very few extra
presses. The stimulus was presented on & 30 second VI schedule.

AEPs were taken during each session once the monkey had begun

to respond to the shortest tone duration. Tests during natural sleep

were made after the discrimination was completely established, and

again after it had been extinguished.

D. ecording of the AEPs natural sleep.

Evoked responses to both stimuli were recorded during a sleep
session after each phase of the training. Prior to the sleep test,

animals were kept awake for elther 1 or 2 nights by being slowly

rotated in a cage. Whetherthe monkey was deprived of 1 or 2 nights

sleep depended on how readily he fell asleep on the night set for the



first sleep test. If he fell asleep readily (within 0.5 to 1,0
hours) after only 1 night's deprivation, all subsequent sleep tests
were made after 1 night's deprivation. If he did not fall asleep
readily, he was kept awake a further night and henceforth sleep tests
were made after 2 night's deprivation.

The EEG was monitored throughout the test session and stimuli
were presented only when the record indicated slow-wave sleep.
Frequent behavioural observations were also made -— without disturb-
Because of the infrequency of arousals, the stimuli

ing the monkey.

could be presented on almost the same schedule as during phase II
training.

None of the monkeys were agitated by the sleep deprivation
procedure, primarily because of the slow rate of rotation amd the
fact that they could see out of the cage and cling to it easily.
Earlier sleep deprivation procedures using a round, opaque drum to
rotate the monkey had been found to cause them considerable distress.

A1l monkeys fell asleep readily after 1 or 2 night's

deprivation.
E. Summary of Training Procedure.

A summary of the testing procedure is presented in table 1.

Phase I Phase II Phase III Sleep
S Randam  Conditioning  Extinction Deprivation
B-1 3 8 5 2
B-2 3 10 7 2
B-3 3 10 5 1
C-1 5 18 10 1

Table 1, Showing the number of days spent in each phase of training
for each of the Classically trained monkeys,



III. RESULTS

A. Introduction and Summary of Histology

Results are presented primarily in terms of factor loadings
and plots of the factor scores. Representative AEP waveforms are also
presented for comparison with the factor score plots, Data are
presented separately for each of the 6 monkeys.

A summary of the histological verification of the electrode

placement is presented in figure 1, As can be seen, the right

reticular electrode was grossly misplaced, due to electrode bersiing

in monkeys M-8 and B-2, For the sake of consistency and economy of

data presentation only the results from the left reticular site are

presented,

B. Stimulus Contingent Cortical Arousal

Table 2 shows, for each monkey, the number of stimulus
contingent arousals that occurred during each sleep test. We might
have expected that more EEG defined arousals would have been elicited
by the positive tone after it had been made significant by the con-

ditioning procedure, however; only in the case of B-3 is there any

indication of this effect. For this one monkey there were 28 arousals

in the sleep test after conditioning as compared to only L in the test

prior to the training sessions. There is no tendency for more

frequent arousal after treining in any of the other monkeys.,
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Before After After
Conditioning Conditioning Extinction

+ - + - + -
B-1 5 L L 2 3 5
B-2 11 10 6 8 16 7
B-3 L 12 28 12 16 10
Cc-1 10 10 13 L 8 6
M-8 3 16
M-9 11 17

Table 2, Showing the number of stimulus contingent EEG arousals
to the positive and negative tones during sleep tests.

In the factor analytic results to be reported, the AEP

waveform is treated as a variable. The 256 digitized time points of

the AEP are analogous to '"people" in a typical factor analysis,
AEPs for both the positive and negative stimuli were collected each

day throughout the 3 phases of training. There is, therefore, one

variable (AEP) for each day, for each stimulus.
If we think of each day of training as a "test", then each of

the 256 "people' has a score on that test. These scores are inter-

correlated as the first step in the extraction of Principal

Component factors. The Principal Component factor loading are then

rotated by the Varimax procedure. The Varimax method of rotation,
while maintaining the orthogonality of the factors, rotates the
loadings so as to produce some high, and some near zero loadings for

each factor. By such a procedure, which essentially attempts to get

rid of medium factor loadings, a more unambiguous and hence more

interpretable factor structure is created. Successive rotations of
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from 2 through 9 of the Principal Component factors were made to
find a set of factors that could most meaningfully be related to

the AEPs (variables). The actual factor loadings from the selected

rotation appear as appendix II, but day by day changes in the
loadings on selected factors are presented graphically.l The load-

ings for sleep-test days are dealt with separately. By thus

plotting the factor loadings it is possible to see how, as training
proceeds, a different factor begins to account for successively more

or less variance in the variables. Plots of the factor scores

reproduce the "shape" of each factor. These plots are then directly

compared to the actual AEP waveform.

1. Occasionally the AEP record appears "up-side-down". This is
because the baseline setting of the signal averager was

occasionally, inadvertently, set incorrectly, with the
result that positive/hegative deflections are reversed.
On such occasions, for the sake of consistency of visual
the AEP record was traced "up-side-down".
However, the digitized version of the AEP could not be
reversed with the result that such AEPs will enter into
negative correlations, and will show negative loadings

on the underlying factor.

presentation,
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C. Detailed Results,
(1) B-1

Figures 2 and 3 show samples of the EEG in the awake and
asleep animal, respectively.

Figure L shows the factor loadings derived from a rotation
of 3 of the principal camponent factors. The variables are the AEPs
elicited by the positive and negative stimuli in the reticular area,
Together, the 3 factors account for 80% of the total variance.
Included in the graph are loadings for days 1 through 3 of phase I
of training (random presentations of both s*imuli and einforcements);
days 2, 3, 4, 6, 7 and 8 of phase II (conditioning), and days 1, 3,
and 5 of phase III (extinction).

The left side of the graph shows how, over the course of
training, the AEPs (variables) load progressively higher and higher
on factor 1. The curves for the positive and negative stimuli do not
separate, and loadings for the extinction days are still high on
factor 1. Psychologically, this implies that over the course of thc
conditioning days the monkey has not discriminated, at least at the
reticular level, between the two stimuli. AEPs for both positive
and negative tones load on the same factor. However, if we think of
factor 1 as a "conditioning" factor, the successively higher load-

ings indicate that some non-discriminative conditioning might have

taken place.

The conditioning is referred to as non-discriminative in that
there is evidence that the monkey had learned a tone-food association,

but did not show that he had discriminated between the two tone

stimuli.
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The interpretation of factor 1 as a conditioning factor is
complicated by the fact that extinction day AEPs continue to load
highly on it. It could be that the monkey had not extinguished
within the 5 days, or it could be that factor 1 is not related to
the conditioning mocess. The decision as to whether we should
label factor 1 a "conditioning" factor in this instance is aided by
a comparison with the data from C-1. The results for C-1 will be
presented in detail later, but we can note here that a similar
factor was obtained, and C-l's data clearly indicate that even
discriminative conditioning had taken place.

It can be seen from figure 5 that factor 1 is related to the
slow negative deflection that occurs in the second half of the AEP,
The factor scores plotted in figure 5 should be compared with the
representative AEP waveforms in figure 6. It can also be seen that
factor 3 (loadings are graphed in the right panel of figure 4) is
related to the early portion of the AEP and consists essentially of
2 relatively high amplitude negative peaks that are probably
representative of stimulus registration.

It should be noted that the plots of the factor scores are
stretched out in time in comparison with the AEP waveforms. Also,
they are somewhat smoothed in that only every fifth out of the total
256 points was plotted.

The slow, late appearing, negative deflection in the
reticular AEPs, then, is tentatively considered to be related to the
re--

a:quinit.on of condicioned co.tic.petion of Lh dJdelivery .. a

inforcement.
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Data from the sleep tests will now be examined to see if

there is any evidence that the stimuli elicit AEPs with
characteristics like those elicited in the awake animal. Table 3

presents factor loadings for each  of the AEPs elicited by the
positive and negative tones during sleep.
Factor

1 2 3 L 5
1

Before cond, .33////:§g{-.0h A5 =37
Positive tone After cond. [fgi/,/“.é§ 23 24 .03
After ext. S37 A7 W15 63 .22
Negative tone Before cond, -.13 226 .03 .00 .03
After cond, .10 220 -.13 11 .07
After ext, -.30 .20 ,03 ,83 -.22

Table 3, Factor loadings of the AEPs elicited during the sleep test.
Loadings above .50 are underlined,

As can be seen from table 3, three of the sleep AEPs load
most highly on factor 2, and 2 of them load on factor 4. The
remaining sleep AEP, that elicited by the positive tone after
conditioning, loads highly on factor 1.

The shift from a high loading on factor 2 to a high loading

on factor 1, outlined in the table, is unique to the sleep-test

after conditioning for the positive stimulus. It has been argued

previously that there is no evidence of discrimination between the 2
tones, at least on the basis of the reticular recordings, but here

we find the post-conditioning sleep AEP to load highly on the

"conditioning" factor 1. It is as though there was a discrimination



which is only evident during sleep. Such a surprising conclusion may
not be so far-fetched, for, as we shall see, there is evidence for a
discrimination at the cortical level.

Figure 7 shows the AEP loadings from a 3 factor rotation day,
that were recorded from the auditory cortex. It is clear that as
training proceeds, factor 2 begins to account for more of the variance.
It is clear, also, that the positive and negative curves are separated.
Referring to figure 8, it can be seen that factor 2 is characterized by
the presence of a slow, negative wave "hump" in the middle of the wave-
form. Comparing the factor score plots with representative AEP wave-
forms in figure 9, it is noted that the previously mentioned "hump" is
not clearly evident in the waveform of any single AEP. It does,
however, appear clearly as a factor.

It is also evident, from the right panel of figure 7, that
positive-tone AEP loadings fall off F2 during extinction to a level
similar to the loadings of the "random" day AEPs.

Table 4 presents the factor loadings for sleep test AEPs. The
cortical AEPs elicited during sleep after conditioning, from both the
positive and negative stimuli, load most highly on the same factor,
namely factor 1. However, these loadings of about .70 in each case
indicate that about 50% of the variance in each of these AEPs is

accounted for by other factors. If it could be shown that this

residual variance is accounted for by different factors for the
positive and negative tones, we would have some evidence that a dis-
crimination during sieep after conditioning i. eviuent, ..ortically,

also. It could, then, admittedly tenuously, be argued that the

Y
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Figure 8, Plots of factor scores for auditory cortex AEPs, B-1,



52

-

apparent reticular discrimination during sleep was produced by

a cortico-reticular interaction. In fact, if we look at the results
from the rotation of 7 factors (which does not appreciably change

the factor loadings on conditioning days) there is evidence that

the AEPs from the positive and negative stimuli during sleep after
conditioning are composed of different factors. Factor loadings
from the 7 factor rotation solution show that the negative tone AEP
increases itt's loading on factor 1 slightly to .74 while the positive

loading drops to .54 with the residual variance being accounted for

primarily by the second and fourth factors.

Inspection of the AEPs in figure 9 also shows that the
waveforms of the AEPs elicited during sleep after conditioning,

for both the positive and negative tones, are different from those
elicited before conditioning. In particular, there is an accent-
uation of the second, positive/hegative deflection that peaks

positively at about 80 msecs.
Although the point cannot be pressed strongly, if at ali,
there is, then, some evidence that the positive stimulus is being

registered during sleep, both cortically and sub-cortically, as

being different from the negative stimulus.
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Factor
1 2 3
Before cond, 262 ~05 52
Positive tone After cond. 210 .28 W25
After ext. .12 A2 12

Before cond. -.09 09 569

Negative tone After cond. {2 =.03 46
After ext, ~-.23 A2 .75

Table 4. Factor Loadings for Cortical AEPs Elicited During
the Sleep Tests.(B-1).

Although recordings were also made in the occipital cortex,
there was no evidence of a clear stimulus locked evoked activity,

except in the case of M-9, The occipital cortex data is, therefore,

not included in the analysis.
(i1) B=2

Examples of the EEG record for the awake and sleep states are
shown in figures 10 and 11 respectively. Figures 12 and 13 show
factor loadings fram the unrotated Principal Component solution
(PC) and for the 7 factor rotation derived from the reticular AEPs,
None of the rotations provided a more easily interpretable structure
Approximately 90% of the variance was accounted

than the PC solution.

for by the 7 factors, "Random" days 1-3; conditioning days 1-10

(excluding day 3), and extinction days 1, 2, 6 and 7 are represented in

the grap-s, Further discussicn <. the factor “oadings w'}]l use the

P
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factor rotation solution, although essentially the same conclusions
could be drawn from the PC solution. The majority of the AFPs
load most highly on factor 1 or 5, and, as can be seen, there is
little evidence of a consistent tendency for the loadings to move
from one factor to another over the course of training. There i3
some indication that factor 1 is a conditioning factor, in that

the "random" days have no appreciable loading on it. The loadings,
are, however, quite variable and the positive and negative curves
are not clearly separated, particularly on later conditioning da; s.
The 2 curves do seem more clearly separated in the PC solution, but
this is not substantiated by the rotational solutions., The best
that can conservatively be claimed, then, is that there is some

evidence that non-discriminative conditioning is represented in the

reticular data. Factor scores for the first 5 factors are shown in

figure 14. As can be seen by comparing these shapes with those of

the sample AEP waveforms in figure 15, the double humped F1 and F5
shapes are characteristic of the majority of the conditioning day
AEPs, The difference between the 2 factors lies in the latency orf
the 2 negative going humps; both are slightly earlier in F5., As is
evident from the factor loadings, there is no clear indication that
one or other of the waveforms is more characteristic of the positive

Stimulus. We might note, however, that the late, slow, negative-

going deflection is reminiscent of that seen in data from the

Previous monkey, although it falls offr about 125 msecs., earlinsr.

Table 5 shows the loadings for the reticular AEPs collected

during the sleep tests. There does not seem to be any interpretable
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pattern to the loadings. None of the sleep AEPs has appreciable

loadings on either F1 or F5 factors.,

factor

1 2 3 b 5 £

Before cond. L0 -.84, .37 .08 .00 .07

Positive tone After cond. O 51 -.61 .16 -. .22
After ext. -.13 .68 .07 ~-.40 -.40 W17

Before cond. .O4 -.57 .69 .28 1 -.11

Negative tone After cond. -.10 .56 -.29 2h =54 35
After ext. 22 -,02 .20 .21 W23 =.82

Table 5. Factor Loadings for Reticular AEPs Elicited During the
Sleep Tests (B-2).

If, however, we depart from the mathematical analysis for -
mament and examine the actual AEP waveforms that are shown in
figure 15, it does look as though the AEPs elicited during sleep
after conditioning are highly similar, and different in form from
those elicited during the other sleep tests. After conditioning,
the AEPs have a more pronounced initial negative deflection, and the
subsequent positive deflection is flatter and of longer duration.
This description is supported by the actual correlations amongst the
6 AEPs which are shown in table 6. The highest correlation, .79,
is between the 2 after-conditioning waveforms. Other correlations
involving these AEPs are low or negative. There is, then, 3oms

evidence from the reticular data that the stimuli are analysed

differently after conditioning.



4

Negative Tone

(1) (2) (3)

Before cond. (1) .75 =54 .07

Positive tone After cond. (2) =.72 =79 ~.38
After ext. (3) -.47 253 -.38

Table 6. Showing the Correlations Between the Sleep Test
Reticular AEPs Elicited by the Positive and Negative

Tones (B-2).

Fipure 16 shows the factor loadings from a 7 factor rotation
for the cortical recordings. As can be seen, the AFPs load

progressively higher on Fl as they fall off F2. The AEP elicited by
the positive stimulus on conditioning day 10 is an unexplained

exception. The high loadings on F1 fall off systematically over the

course of extinction days, and the "random" day loadings are

negligible. There is good evidence, then, (with the exception of

-

the abberant day 10 loading) that F1l is a "conditioning" factor. In

that the curves for both stimuli follow the same trend there is no

evidence that a discrimination had taken place.
From the plots of the factor scores in figure 17, it is
clear that factor 1 has a second, sharply defined, negative

deflection that is not present in F2. Comparison of these plots

with the representative AEP waveforms in figure 18, show that
factor 1 characterizes the late conditioning AEPs, whereas factor 2

is characteristic cf "random" and early conditioning AEPs.
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Figure 17. Plots of factor scores for auditory cortex AEPs, B-2,
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So far as the sleep test data are concerned, both the
positive and negative tone AEPs for the sleep test after condition-
ing load highly, .89 and .84, on factor 3. No other AEPs have
even moderate loadings on this factor. The configuration of F3 is
somewhat similar to that of Fl, but the second, negative deflection
is of longer duration and the waveform does not end with a long, low
amplitude, negative swing as does Fl. In that neither the reticular
data nor the cortical data give evidence that this monkey had made a
clear discrimination between the tones, it would seem reasonable to
expect that these sleep AEPs should load on the same factor. That
the AEPs from the other sleep tests do not load on the same factor,
(F3), is also consistent with the evidence that at least some non-
discriminative conditioning had taken place. Although the sleep-
after-conditioning AEPs do not load on the "conditioning" factor,
they are treated exactly alike in terms of their loadings.

Although, as it was pointed out above, the factor loadings
of the reticular sleep-test data were difficult to interpret, visual
inspection, and correlational data suggested that the AEPs for the
after-conditioning, sleep test data were different from the otner
sleep-test data. The cortical sleep-test data directly support the
notion that the stimuli are being analysed differently after
conditioning. Both the reticular and the cortical data seem to
show that, even during sleep, conditioned stimuli, as compared to
neutral stimuli, are analysed or encoded differently. The two

stinuli are, however, not treated differentially.



(iii) B-3.

Samples of the EEG from the awake and asleep states are
shown in figures 19 and 20.
So far as evidence for conditioning goes, the results from B~3 are
disappointing. Referring first to the AEPs collected from the
auditory cortex, samples of which appear in figure 21, it seems
that there is little evidence of any systematic, stimulus-locked
activity. The AEP waveforms do not have clearly identifiable peaks.
Factor analysis of the data did not produce an interpretable factor
structure in that the AEPs did not load un-ambiguously on any
factars. The reason for the lack of any clearly evoked activity is
not immediately apparent. The auditory electrode was not misplaced,
and the on-going EEG records show that apparently normal activity
was being picked up. It is clear, however, that we cannot make use

of the cortical data.

Typical evoked activity was recorded from the reticular site
as can be seen in the sample records in figure 22. Figure 23 shows
the AEP loadings on the first 2 factors from a 7 factor rotation.
"Random" days 1 to 3, conditioning days 1 through 10, and extinction
days 1 through 5 are included. Only an occasional AEP, from the
"random” and extinction day records, had appreciable (>,70)
loadings in factors other than Fl or F2. It is apparent also that
loadings in general tend to be split between the two factors. Most
of the conditioning day AEPs for both positive and negative stimu .

have a moderate loading on both factors. There is, however, a
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tendency for the AEPs to load progressively more highly on F1 over

the course of conditioning days. Interpretation of Fl as even a non-
discriminative factor is, however, complicated by the fact that the
AEP for "random" day 3, for both positive and negative stimuli are
highly loaded on F1 (>.82 and .86). Loadings on Fl during
extinction days do, however, gradually fall off, particularly for
positive-tone AEPs., The right panel of figure 23 shows the loadings
on factor 2. Here, the separation of "random" from conditioning days
is more clear, but the shift to F2 is not acquired gradually over days.
Comparison of the sample AEP waveforms in figure 22, with the plots of
factor scores in figure 24, shows that both F1 and F2 shapes are
represented in the positive and negative tone records. The prime
difference between the two shapes appears to be the direction of the
late, slow wave deflection that begins 130 msec. after the stimulus.
For factor 1, this deflection is negative, but positive for F2. We
might recall that for B-1, the factor defined as a conditioning
factor, also possessed such a slow, negative deflection. It may be,
then, that F1 is to some extent a conditioning factor, and perhaps
with more conditioning days for B-3, it would have appeared clearly as
such. The conclusion from the data is, however, that there is no
substantial evidence that conditioning, as reflected in the AEPs, had
occurred in B-3. We should expect, then, that the AEPs collected
during sleep should all load highly on the same factors. That they

do is clear from table 7, which shows the loadings on the first 2

factors.
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Factor

1 2
Before cond. ~.91% -.09
Positive tone After cond. .73 .32
After ext. =81 .32
Before cond. -.88% .02
Negative tone After cond. .92 .18
After ext. .90 -17

Table 7. Factor loadings for Reticular AEPs Elicited
During the Sleep Tests. ( B-3 ).
(# See Footnote 1 concerning the high negative
loadings).

(iv) cC-1.

Samples from the awake and asleep EEG records are shown in
figures 25 and 26. The loadings of the reticular AEPs on the first
2 factors from a 7 factor rotation are shown in figure 27. Shown in
the figure are "random" days 1,2,3,5, and 6; conditioning days 3
through 18, and extinction days 1 through 6, and day 10. The
positive and negative stimulus AEPs load moderately on Fl during
"random'" days, but throughout the conditioning days the positive
tone AEPs load very highly on Fl, while the negative tone loadings
drop off and begin to load on F2 after conditioning day 6. It can be
noted also that on extinction days 3 and 5, the positive tone AEPs

again load very highly on Fl; this might be a result of "spontaneous--

recovery" of the conditioning effect.
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The shape of these factors can be seen in the plots presented in
figure 28. Fl, the conditioning factor, is characterized by an
initial positive deflection followed by a relatively low amplitude,
negative/positive, hump which is followed by a long, slow,
relatively high amplitude negative deflection. As can be seen from
a comparison with the sample AEPs in figure 29 (complete day by day
tracings of the AEPs appear in Appendix I), this factor characterizes
the conditioning AEPs, particularly from the positive tone. AEPs
elicited by both the positive and negative tones during conditioning
are visually quite similar, but the first negative/positive "hump",
and the slow negative deflection are more pronounced, late in
conditioning, in the records of the positive AEPs. Factor 2 seems
most characteristic of negative tone AEPs elicited during the
extinction days. We shall see also that the records elicited during
sleep also load highly on factor 2.

On the basis of the systematic shifts in the loadings on the
factors that underlie the AEPs, C-~1 evidently has discriminated
between the two stimuli.

Factor loadings for the reticular AEPs elicited during the
sleep tests are presented in table 8. As is evident from the table,
the sleep AEPs load most highly on factor 2. Such a pattern of
loadings would indicate that the AEPs to the stimuli during sleep
after conditioning are similar, and not different from those
elicited during the other sleep tests. Characteristic of the sleep
waveforms is the absence of the early negstive/positive “hump" that
appears in the conditioning records. Considering once again a

visual analysis of the AEP waveforms shown in figure 29, it appears
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that the positive AEP elicited in sleep after conditioning is
somewhat different from the others. Only in this one record is
there a small peak which appears about 125 msec. after stimulus
onset superimposed on the ascending portion of the slow, negative

deflection. The peak of this slow deflection is later and greater

Factor

1 2
Before cond. .24 =80
Positive tone After cond. .23 91
After ext. 66 261
Before cond., .33 17
Negative tone After cond. 27 292
After ext. 40 .86

Table 8. Factor Loadings of Reticular AEPs, Elicited During
the Sleep Tests (C-1).

in amplitude than in all the other sleep records. Examination of the
matrix of inter-correlations of the AEPs showed that this record is

highly correlated with the positive tone records elicited during the
other sleep tests - this does indicate overall similarity of the
waveforms. The problem with the analysis of this particular AEP

points out one of the drawbacks of the factor analysis technique.

Here we are concerned with one isolated variable which in gross

respects is similar to many other veriables. It is highly correlated
with other variahles, and, accordingly, it loads on the same factor.
However, were there more variables that it was even more highly correlated

with, another factor could be extracted. On the other hand, we have seen




already, in the conditioning, data, that the factoring technique has

high discriminating power in that it enabled the separation of a set

of highly similar AEPs into separate factors. In this case, there

were enough records to allow the production of the two different

factors,

Tentatively, then, it is argued that the reticular AEP
elicited by the positive tone during sleep after conditioning, is
sufficiently different from other sleep records to allow us to
conclude that the reticular area is "recognizing® the positive
stimulus as being different from the negative,

The loadings of the cortical AEPs on the first 2 factors of
a 7 factor rotation are presented in figure 30, Although the
loadings across training days are more variable than for the
reticular data, F1 does seem to emergas a "conditioning" factor,
Extinction day loadings remain high in F1, but falls off
precipitously on the final session. The shape of the factors is
shown in figure 31 and may be compared with the sample AEP waveforms

in figure 32, The major feature of Fl is & high amplitude positive/

negative deflection that returns to a little above baseline at

approximately 140 msecs, The remainder of the waveform consists of

a very shallow, slow, positive/hegative deflection., The configurat-
ion of F2 is basically similar, but the major positive/negative peak

is less pronounced. The ascending, nerative «ic”lection ree:nes its

peak earlier, at 125 msecs, The following, slow positive deflection

is steeper and more pronounced than in factor l, Factor 1 character-
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izes the late conditioning AEPs for the positive tone, while F2
characterizes the early positive AEPs and the later negative AEPs.
Once again, as for the reticular data, the factoring technique has
discriminated the slight differences underlying visually similar
AEP waveforms.

Reference to the sample ALPs in figure 32 shows that the
amplitude of the AliPs was much diminished during all of the sleep
records., Table 9 (see under table 8), shows the unsystematic, and
relatively ambiguous nature of the factor loadings for the cortical
AEPs elicited during the sleep tests., The state of the data here

does not seem to allow even speculative interpretation concerning

how the cortex is responding to the 2 stimuli during sleep.

Factor
1 2 3 b 5 6 7

Before cond, -—s74 =24 O4 =-.03 -.13 -14 .3

Positive tone After cond. -.03 .5 .09 -.17 .68 .05 .20
After ext. "009 "u18 —ﬂ .M _.BA _.Oh -,

Before cond. —.h4 =-.22 -.04 .72 -,05 -,18 =,26

Negative tone After cond. L7 260 .26 -7 .04 06 ~,06

After ext. -.19 =-.48 ~12 .30 -.28 -.13 -, 6¢

Factor Loadings for Cortical AEPs FElicited During the Sleep

Table 9.
Tests. (C-1).

Attention may be drawn to the extreme diminutior in the

amplitude of thr- cortical AEPs tc both +~ .. during the final 3 conii:i-

ioning days. Although relative amplitudes of the various deflections

were maintained, the overall amplitude declined considerably, but




recovered on subsequent days. Such a decrease in amplitude was not
observed in the other monkeys, nor was it evident in the reticular
recordings. The decrease is thought to be related to the fact that
C~-1 developed an infection that produced suppuration around the
electrode cap at precisely this stage of training. Administration of
antibiotics cleared up the suppuration almost immediately. 1If the
suppuration had seeped under the skull around the electrode site, the
increased resistance could have accounted for the temporary decrease
in AEP amplitude.

(v) M-8.

We turn now to the data from the operantly trained animals,
M-8 and M-9.

As described in the procedure section, these monkeys were
trained to make a lever press within 1.5 seconds of the tone signal.
They could obtain a maximum of 64 reinforcements if they pressed
within the time limit. They both learned this go, no-go response

almost perfectly, without making more than a few extra responses.

The AEPs from various training and extinction days, and for
the sleep tests after training and after extinction are shown in

figures 33A and 33B. (Examples of the awake and asleep EEG are

presented in figures 34 and 35.

As the monkey learns to perform the task without extra
presses, the reticular AEP develops 2 high amplitude negative/
positive peaks, each of which has a small positive/necative "jog"

superimposed at the top. The second major peak seems to be slightly

lower in amplitude.
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Factor loadings from a 5 factor rotation are shown in

table 10. Days 3 through 6 load highly on factor 1, the shape of

which is shown in figure 36. (In comparing the factor shapes with

the AEP wavetorms, it should be noted that the factors are stretched

out in time, relative to the AEPs). The day 6 waveform, which seems

to have the major peaks displaced a few msecs, to the right, was

recorded after the monkey had been re-trained after some extinction

sessions. The similarity of this AEP to the other "trained" AEPs

attests to the reliability of the records. Also evident in the

ntrained" AEF waveform is a slow, shallow negative deflection. Two

separate extinction factors appear in the data. Extinction days 3

and 4 load highly on factor 2. It will be noted that extinction on

these days was almost complete; in fact, no responses at all were

made on day 4. During the first 2 extinction days the monkey pressed

the lever indiscriminately. This generally agitated state produced

much "noise"” in the AEP records. This noise is reflected in

factor 4, on which extinction day 2 is highly loaded.

Factor
1 2 3 A 5
Training day 1 .59 .12 -.11 33 =41

2 .12 .10 .03 .17 .88

3 .82 .11 .13 .29 -.05

L .89 .05 .26 -.04 03

5 .8, -.26 .11 .13 .20

6 .82 .04 -.20 -,05 -,12

7 .72 .39 -.08 -.05 12

1 .58 .18 -.37 Oh  —.49

2 .09-.10 .02 91 .l

3 .36 .82 -.09 -,19 -,05

4 -.13 .91 -,02 .04 .08

Sleep after training .56 -.31 -.51 -.13 -.33
" " extinction -.15 .13 -.92 .00 -,03

Table 10. Factor Loadings for Reticular AEPs
Press Data).

(M-8) (Sec table 11 for bar
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Figure 36, Flots of factor scores for reticular AEPs, M-8,
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The AEP from the sleep test after conditioning has
moderate and low loadings on factors 1, 2, 3, and 5. The AEP,
although difficult to classify, does seem to have a slow, negative
deflection towards the end, which might account for its moderate

loading on Fl. However, training day 1, in which the monkey made

many extra responses also has a moderate loading on F1,

The AEP recorded during sleep after complete extinction, is
the only variable with a high loading on factor 3. (In comparing
the AEP with the factor shape in this case, the factor should be
nreflected", i.e., turned up-side dovm.) That the 2 sleep AEPs
are uncorrelated, and hence, of course, load on different factors
is, again, some evidence that the reticular area is responding %o the

signal differently during sleep after conditioning, compared to after,

extinction.
Cortical recordings from M-8 are quite disappointing (most

likely because the temporal electrode was placed too far posteriorly).

The AEPs are shown in figure 33B. In general, they can best be

described as ™noisy", with little evidence of any clearly stimulus-

locked evoked deflections. The factor loadings from a 7 factor

rotation are shown in table 1l. No discernible factor structure is

evident. Visual inspection of the AFPs, presented in figures 33B

does not reveal any systematic changes, either.
The data from M-8, then, are primarily interesting in that

they show clear changes in the reticular AEF wiveforms, contingent on

changes in level of training.




Total Reinforced
Factor Resp. Resp.

1 2 3 4 5 6 7

Training day 1 -.02 -.10 ~-.11 .85 =-.,02 .03 -.05 261 50

2 =,20 -,02 .04 -.01 -,03 09 .96 75 51

3 31 .03 .69 .16 -.24 -.28 04 68 52

Lo Wb4 02 12 =18 36 -.67 .14 65 59

5 .22 .07 L6l -.45 .03 -,29 -,16 51, 50

6 .35 -.63 -.06 .04 .08 -.48 -,05 73 60

7 .73 -.20 .30 -.09 -.03 -,23 -,23 6l 6l

Extinction day 1 .08 .86 -.11 -.01 -.01 -.,18 -,04 150 10

2 .17 =33 =35 -.60 .00 -.29 -,15 357 37

3 .31 .28 -.71 .05 -.0h -.29 -.15 7 L

L .90 .07 -.08-.07 .0l .02 -.11 0 0
Sleey after cond. -.01 -.04 -,09 -.0L .97 -.04 -,03
Sleep after ext, .04 -,07 -.06 .12 .06 .88 .16

Table 11. Factor Loadings for Cortical AEPs (M-8). Total Responses and Numb:
of Reinforcements Gained are Also Shown.

(vi) M-9.

Awake and asleep EEG records are shown in figures 37 and 38 The
Feticular AEPs from various training days are presented in figure 39, The
AEPs from the pre-trained and extinction records are characterized by a short
l&tency, high amplitude, positive/negative deflection. As the monkey learns
the task, the initial peak diminishes in amplitude and a later, at about
130 msecs., high amplitude, negative/positive peak becomes predominant.

Another’ late, negative peak is evident on training days 3, 6, and 7. Factor

fact © acores a:a

loadt:lgs for the reticilar AEPs are shown in tarle 12. T

Presenteq in figure 40, (which should be compared with figure 39). Factor 1,

which seems best described as a "non-trained" factor, clearly shows a shape

o
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' L \
igure 39. Reticular AEPs for various test 500 msec

days, M-9, Numbers indicate
total bar presses and total
reinforcement for each day,
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Flgure LO. Plots of factor scores for reticular AEPs, M-9.
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characteristic of the early training days, the last 2 extinction days,
and both the sleep test days. The training days 7 and 8, where dis-
crimination is at its best, load most highly on factor 2, which most
clearly shows the large, negative/positive peak. Training day L, where
there are still many extra responses, also loads highly on the same
factor. Other discrepancies in the loadings of the training day AEPs
are also clearly evident. For instance, day 5 reverts to a moderately
high loading on Fl, while day 6 loads very highly, and almost uninuely,
on F4. Although a basic waveform pattern for the training days is
evident, it seems that slight changes in the latency of the major
negative /positive deflection at around 130 msecs. are destroying any

neat factor structure. Contributing to the instability of the rfastor

loadings also is the presence or absence of the late negative
deflection that can be seen in the records of days 3, 6, and 7. It is
as though the late training day AEP waveform, though clearly different
from the extinction and early training day patterns, had not completely

stabilized. Had there been more training day AEPs to enter into the

analysis, a more stable factor structure should have emerged.




Total Reinforced

1 2 3 4 5 Resp.  Resp.

Training day 1 .86 .08 -.31 ,22 ,06 39 16

2 .77 ~.16 =36 .18 .24 99 17

3 33 .56 -.25 .60 .07 115 59

L -.0h .87 -2 .21 .03 114 50

5 JJ1 27 <07 .14 -.53 87 58

6 .13 ,20 ,07 .93 -.05 70 58

Sleep before cond. -,94 -,05 ~,02 -,12 ,06

Training day 7 -.24 .80 .32 .25 .02 69 63

8 60 .72 -.05 -.09 -,12 72 63

Extinction day 1 .24 .27 .25 .00 .85 49 Lé
2 .73 -.36 .32 .07 .16 38 33

3 <21 27 -30 .16 .18 0 0

Sleep after extinction 294 =04 .01 -,09 .09
Factor Loadings for Reticular AEPs (M-9). Total Responses

Table 12.
and Reinforcements are also Shown.

97

As noted above, the 2 sleep test AEPs load squarely on Fl. They
are clearly quite similar to each other and different from the "trainedr

AEPs, If neural encoding of the signal has taken place, it is clearly

not being read out in the reticular area during sleep.

Cortical AEPs are presented in figure 41. The dominant feature

is the late, hipgh amplitude, negative deflection that Arop: of: just
before the end of the waveform, that is present after the animal has

learned the task. It is also present in reduced form in the early
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Figure 41, Auditory cortex AEPs for various days, M-9, Numbers indicate
total bar presses and reinforcement for each day,
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training days 3 and 4, where the animal is still making many extra
responses, but earning most of the possible reinforcements. The
factor loadings, from a 5 factor rotation shown in table 13, present a
perplexing picture. The AEPs from training days 4, 5, and 6 do load
highly on F1, whose shape is shown in figure 42, but days 3, 7, and 8,

which also show the late, high amplitude, negative peak do not load at

all on this factor. Other rotations do not provide a more satisfactory

picture. The A possible reason for the lack of a satisfactory factor
solution might lie in the fact that much high frequency activity is
superimposed on the basic waveform. This "error" variance would sub-
stantially lower the correlations between the waveforms. Also, as was
pointed out in the discussion of the reticular data, minor discrepancies
in the latencies of the major peaks would also tend to attenuate the
correlations between AEPs with a generally similar waveform. Perhaps
even more important is the fact that for M-8 and M-9, we are dealing

with a limited number of variables from which to construct a factor

structure.
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Figure 42, Plots of factor scores for auditory cortex AEPs, M-9,
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Factor

1 2 3 L 5
Prior to any training .38 Ol =35 =25 -,65
Training day 1 .03 -,59 .05 .22 -:67

2 .08 -,81 07 =23 .03

3 .19 -,87 04 =12 .21

L .78 =32 <14 -.33 -,23

5 .95 =05 -.01 -,02 -.13

6 I4h =33 =11 -19 .45

Sleep after training A9 =07 03 -,91 -,19
Training day 7 -.18 87 33 -3 «20
8 .10 -.59 10 .73 -.20
Extinction day 1 -.30 4T 25 ~,02 15
2 -.19 .6k W5 .04 40
3 W41 =06 =04 -.42 =72

Sleep after Extinction 06 =05 -,95 07 -,

Table 13. Factor Loadings for Cortical AEPs (M-9).

The AEPs elicited during the sleep tests do not possess any of
the major characteristics of the training day AEPs, and they appear to
resemble extinction and "pre-trained" waveforms more than anything else.
There is no visual evidence to lead to the conclusion that the stimulus
is being treated by the cortex more as a discriminative than a neutral
stimulus, and we shall conclude, as we did for the reticular data, that

the stimulus is not being recognized as significant during sleep.



It will be recalled that the monkey had a 1.5 second interval
within which to press the lever for a reinforcement. Although
response latencies were not formally recorded, observation of the
monkey after he had been trained indicated that the response occurred
well beyond the .5 sec., duration of the AEP, It is possible then that
the late, negative/positive component of the AEP is related to the
monkeys' intention to respond. It is interesting to note that the
components of the reticular AEP that were condidered to be related to
the discriminative nature of the AEP occurred much earlier than the
This was true in both M-8 and M=9, although

late cortical response.

in the case of M-8, no consistent cortical evoked activity was

recorded. It would seem, then, that there is evidence that the

reticular area analyses the significance of the stimulus before the

cortex.
The data from M-9 are also interesting in that it was the only

animal that showed evoked activity in the visual area. On training
days 3 through 8, a high amplitude negative/positive peak occurs

about 50 msecs. before the high negative peak at the end of the

auditory cortex response. This peak may be due to an orienting

response to the stimulus after it has become significant. The records

from the visual cortex for M-9 appear in figure 43.

103
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Figure 43, Visual cortex AEPs for various days, M-9. Numbers incic.te tor-l
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CONCLUSIONS AND DISCUSSION.

A conditioning factor was tentatively identified for monkeys

B-1, B2, and C-l. The shapes of these factors may be compared in

figures 44 and 45. The shape was not identical, but for the

reticular data, a late, negative deflection was identified in each.
It is assumed that this late component is indicative of the monkeys
conditioned anticipation of reinforcement. The three factors

identified as conditioning factars from the cortical data are shown in

figure 45. Again, the shapes are not identical; however, in B-1 and

B-2 there is a slow, negative deflection in the middle portion of the

waveform. For C~1, it was noted that the difference between the

conditioning factor (F1) and the unconditioned factor (F2) was that

the late component of F2 fell off in a slow, shallow, positive

deflection. This did not appear in F1. There is some evidence, then,

that the conditioning factors are characterized by a relatively late,
negative deflection, both cortically and reticularly, It is not

claimed that these deflections constitute the neural code for the

conditioned stimuli, but only that they are at least indicative of the

monkeys ' anticipation of forthcoming reinforcement.

From figure 27, it can be seen that for C~1, where there was

evidence that discriminative conditioning had occurred, the reticular

conditioning factor appears to separate out on conditioning day 9.

Cortically, the separation appears throughout conditioning. It is
noted, also, that in B-2, no evidence for diserimination was found inx
the reticular data, but there was evidence of the development of a

discrimination, cortically. Also, the negative deflection previously

referred to, occurs temporally prior in the cortical AEPs. There is,
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Figure 44, Plots of factor scores for reticular "conditioning" factors,
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Figure L5, Plots of factor scores for cortical "conditioning" factors,



then, some indication that the discrimination occurs first at the
cortex, but is later apparent in the reticular area, also.

Originally, it was thought that it might be possible to show
that underlying the AEPs elicited during sleep after conditioning,
there was a factor that could be identified with the "awake"
conditioning factor. Such was not the case, except for B-1.

However, it has been argued that, particularly in the reticular area,
the AEPs during sleep after conditioning were sufficiently different
from those elicited in the other sleep tests to warrant the

conclusion that the brain is recognizing the stimuli as being
different from neutral, or unconditioned stimuli. There is no
evidence that a permanently established neural code is being "readout"
during sleep. As noted above, it 1s claimed only that the changes in
the AEPs are indicative of the changes in brain state that are
contingent on the conditioning procedure.

In the operantly conditioned monkeys, changes in the earlier
components of the reticular AEPs were clearly evident after they had
learned the task. In the case of M-9, a clearly identifiable, negative/
positive peak was also evident in the cortical AEPs, It might be noted
here that the changes in the AEP that are considered indicative of
conditioning appear temporally prior in the reticular records. John,
(1967), has also reported that components of the AEP related to
conditioning (operant) seem to appear earlier in the reticular,
compared to the cortical records.

There was no evidence from M-8 or M~9 that the significance of

the stimulus was being recognized either cortically or in the

reticular area during sleep.



110

It is interesting to note that there is evidence that the
brain is responding, during sleep, to the significance of a
classically conditioned CS, but not to the significance of the operant
CS. To speculate briefly concerning the implication of this difference,
it might be noted that the operantly trained monkeys'! task is, in a
sense, two-fold. He learns that a particular CS is a reliable indicator
that food is available, but only if he makes a behavioural response;
i.e., presses a lever. On receipt of the stimulus, then, the brain
must assess it for it's significance - is it the discriminative stimulus?
An overt behavioural response, then, must then be emitted if reinforce-
ment is to be obtained; i.e., a particular behavioural response is
nattached" to a particular stimulus. The changes in the AEP waveforms
that occur as the monkey learns the go, no-go discrimination while he is
awake are assumed to reflect the entire process of (1) recognizing the
stimilus, and (2) preparation for the emission of the correct response.

The form of the AEP, recorded during sleep after training was
complete, was virtually identical to those recorded during the awake
states before training and after extinction. During sleep, the brain
apparently was not responsive enough to process the information
conveyed by the stimulus and emit the appropriate behavioural response.
The task of integrating the stimulus information with the appropriate
response mechanism is, perhaps, too difficult for the sleeping brain.

In the case of the classically conditioned monkeys, no
specific behavioural response has to be attached to the stimulus.
Changes in the AEP waveforms overthe course of classical conditioning

days are thought to reflect the animals' anticipation of forthcoming re-
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inforcement. The reinforcement here is not contingent on his

attaching an instrumental response to the stimulus. It might be
claimed that, in this case, the brain has a simpler task to perform;
the stimulus information does not have to be integrated with a
particular motor response. The finding that the AEPs recorded during
sleep after conditioning are different from those recorded prior to
conditioning indicates that the brain, during sleep, is still respond-
ing appropriately enough to recognize the significance of a CS so long
as that CS does not carry information that requires the further task of
producing a specific behavioural response.

A section of the Introduction referred to the controversy
concerning the nature of the AEP., Specifically, does the AEP reflect
psychological codes, or is it more accurately described as an index
of more general changes that occur in the brain contingent on changes
in the independent variables? Put another way, do the differences in
AEPs elicited by a "meaningful" as opposed to a "non-meaningful"
stimulus constitute the informational value of the stimulus, rather than
merely reflecting a general change in the subject's brain activity?

The most impressive evidence that the waveform of the AEP
accurately reflects the way the information value of a stimulus is
stored comes from the previously mentioned work of John, et. al. (1969),
and Sutton et. al. (1967). In the former study, it was demonstrated
that an AEP elicited by a new, generalized stimulus was highly similar

to that elicited by the original training stimulus only when it also

led to the behavioural response appropriate to the original training

stimulus. The same physical stimulus could elicit different AEPs,
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depending on which behavioural response it produced. If it produced
the behaviour appropriate to stimulus A, the AEP was the same as that
elicited by stimulus A, but if it led to the behaviour appropriate to
stimulus B, the AEP was the same as that elicited by stimulus B. In
that the same physical stimulus can elicit different AEPs, John
concludes that it is triggering a neural process that accurately
reflects the way in which stimulus information is stored. Stimulus A,
the signal for response A, is encoded in a particular manner that is
reflected in the particular form of the AEP that it elicits. When the
animal interprets a generalized stimulus as an "A" stimlus; i.e., when
it performs response A, the AEP appropriate to stimulus A is '"readout"
of storage. Put another way, it is because the generalized stimulus
triggers the stored neural code for stimulus A that response A occurs.
If it triggers the pattern of neural activity that is specific to
stimulus B, response B will occur.

Such findings, then, constitute evidence suggesting that a
retrievable, stimulus-specific, pattern of neural activity is laid
down in the brain during the conditioning process.

Other researchers; e.g., Hall and Mark (1967), argue that the
changes in the AEPs during conditioning reflect a general change in
the nervous system that is not reflective of the associative aspect of
conditioning per se. For instance, they conclude that the changes
visible in the AEP during the acquisition of a conditioned emotional
response reflect the animals' state of fear, rather than the

establishment of the CS5-US connection.
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It should be pointed out that it is not necessary to conclude
that the AEP reflects a psychological code, or merely indeces general
changes, in an either/or fashion. It is quite possible that in some
experimental situations the AEP does reflect a stimulus-specific code,
while in others it monitors more general changes in the state of the
organism. John's study was specifically designed to see if the AEP
can be considered as reflective of neural codes, and indeed, his data
support the notion.

The Factor Analytic technique employed here did elucidate
changes in the AEP that were contingent on the conditioning procedure.
The research was not, however, specifically designed to throw light on
the status of the ALEP as an indicator of neural codes. For the
purposes of this work it was sufficient to view the AEP as an index of
brain responsiveness that is sensitive to various experimental
manipulations.

We might add, as a final note, that so far as the method of
analysis is concerned, both strengths and weaknesses were noted. The
discriminative power of the factor analytic technique was pointed out
in itts ability to reveal underlying differences in visually highly
similar waveforms. Short-comings of the procedure were particularly
evident when there were few variables to work with, as in the case of
M-8 and M-9, and when the concern was with the analysis of the
characteristics of the waveform of a single, isolated AEP. In general,
however, it does seem that multivariate analytic techniques, such as
the Principal Component analysis employed here, can be usefully applied

to psycho-physiological data.
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V. SUMMARY

For animals trained with the discriminative classical conditioning
technique, the C5+ and CS- were tone bursts of 500 and 1000 cps. There
were three phases of training, During phase I both stimuli were presented
on independent VI 20" schedules. Reinforcement pellets ( .OL5 gm. Noyes
sucrose ) were also independently programmed, Phase I, which consisted
of 3-5 daily sessions, thus constituted a "random" control procedure,
Phase II was the conditioning phase in which one of the stimuli (CS+)
always occured ,5 scecs, before the delivery of a reinforcement, CS-~ was
still presented on an independent schedule, The conditioning phase consisted
of from 8-18 daily sessions, Phase III, the extinction sessions, consisted
of a return to the "random" procedure of phase I.

An average evoked potential (AEP) based on 64 presentations of
each of the tone bursts was collected during each daily session. The data
consisted, therefore, of an AEP elicited by the CS+ and the CS- for each
training day.

AEPs were collected during natural sleep after each phase of
training, Animals were deprived of sleep for 24 or 48 hours before each
sleep test. The EEG was monitored throughout the sleep test, and the
stimuli were presented only during slow=wave sleep.

Results consisted of descriptions of changes in the waveforms of
AEPs recorded from the surface af the temporal cortex and from the left
mesencephalic reticular areas of four monkeys,

The AEPs were automatically digitized and a version of the
Principal Component factor analytic technique was used to detect aspects

of the AEP that were characteristic of the various stages of training,
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A "Conditioning Factor" was tentatively identified for monkeys
B-1, B=2, and C-1l. The conditioning factors, for both the reticular and
cortical data, seemed to be characterized by a relatively late, negative
deflection, It was suggested that this deflection was indicative of the
monkey's anticipation of forthcoming reinforcement, It was also argued
that, particularly in the reticular area, the AEPs recorded during sleep
after conditioning were sufficiently different from those elicited in
the other sleep tests to warrant the conclusion that the brain was
recognizing the stimuli as being different from neutral, or unconditioned
stimuli even during natural sleep,

Two animals were trained in a "go, no~go" discrimination situation.
They were gradually taught to press a lever within 1,5 seconds of a tone
burst to get a reinforcement. Dramatic changes in the form of the AEP
emerged as the animal became proficient at the task. However, in dis-
agreement with the results derived from the classically trained animals,
there was no evidence that the brain was responsive to the "significance"

of the stimulus during sleep,



9.

lo.

11,

12,

116

BIBLIOGRAPHY

Adey, W. R. Hippocampal mechanisms in processes of memory:
thoughts on a model of cerebral organization in
learning, In: M. A. I. Brazier (Ed.), Brain
Function, v.ii. University of California Press, 1964.

Allison, T, Cerebral somatosensory responses evoked during sleep
in the cat. EEG, Clin, Neurophysiol,, 1966, 21,
L61-468,

Anokhin, P. K. Electroencephalographic analysis of cotico-
subcortical relations in positive and negative
conditioned reactions, Ann. N.Y, Acad. Sci,, 1961,
92, 849-938.

Beh, H. C. and Barratt, P. E. H. Discrimination and conditioning
during sleep as indicated by the electroencephalogram.
Science, 1965, 147, 1470.

Brazier, M. A. B. The Electrical Activity of the Nervous System.
(3rd edition)., London: Pitman Medical, 1968.

Davis, H., et al. Changes in human brain potentials during the
onset of sleep. Science, 1937, 86, 448-450,

Davis, H, Enhancement of evoked cortical potentials in humans
related to a task requiring a decision. Science,
1964, 145, 182-183,

Donchin, E. A multivariate approach to the analysis of average
evoked potentials, IEEE Trans. on Bio-medical

Engineering. vol, BME-13, 1966, 131-139,

Donchin, E., Wicke, J. D., and Lindsley, D. B. Cortical evoked
potentials and perception of paired flashes. Science,
1963, 141, 1285-1286.,

Donchin, E. and Lindsley, D. B. Average evoked potentials and
reaction times to visual stimuli. EEG Clin. Neuro-
h Siol., 1966, gg, 217-223.

Emmers, J. C. and Akert, K. A stereotaxic atlas of the brain of
the Squirrel Monkey (Saimiri sciureus), University of
Wisconsin Press, 1963,

Fmmons, W. H. and Simon, C. W. The non-recall of ma%erial
presented during sleep., Amer, J. Psychol., 1956, 69,
76-81,

Galambos, R, Changing concepts of the learning mechanism, In:
A. Delafresnaye, et al, (eds.) Brain mechanisms and
learning, Oxford: Blackwell Scientific, 1961,




14.

15.

16.

17.

18,

19.

20,

21.

224

23.

24,

25.

26.

27,

Garcia-Austt, E. Bogacz, J, and Vanzulli, A, Effects of attention
and inattention upon visual evoked response. EEG.
Clin, Neurophysiol,, 1964, 17, 136-143.

Gasanov, U, G. Study of early and later cortical responses to
positive and negative conditioned auditory stimuli,
employing cats as subjects. Zhurnal Vysshei Nerwvnoi
Deyatel'nosti, 1966, 16, 769-777 (abstract)

Granda, A. M. and Hammack, J. T. Operant behaviour during sleep,
Science, 1961, 133, 1485,

Guerrero-Figueroa, R. and Heath, R. G. Evoked responses and changes
during attentive factors in man. Arch, Neural, Psychiat.,
1961&’ _lﬁ, 7l+"8ho

Haider, M., Spong, P. and lLindsley, D. B. Cortical evoked potentials
during visual vigilance task performance. EEG. Clin.,
Neurophysiol.,, 1964, 17, 710-715.

Hall, R. D. and Mark, R. G. Fear and the modification of acoustically
evoked potentials during conditioning. Journal of

Neurophysiology, 1967, 30, 893-910.

Hernandez-Peon, R., Scherrer, H. and Jouvet, M, Modification of
electric activity in cochlear nucleus during "attention"
in inanesthetized cats, Science, 1956, 123, 331-332.

Hernandez-Peon, R., Brain Functions., In: Annual Review of
Psychology, 1966.

Herz, A, Cortical and subcortical auditory evoked potentials during
wakefulness and sleep in the cat, In: Progress in
Brain Research, vol, 18, Sleep Mechanisms. K. Akert,
C. Bally, and J. P, Schade, Eds, Amsterdam; Elsevier,
1967.

Huttenlocher, P. R. Effects of state of arousal on click responses
in the mesencephalic reticular formation, EEG Clin.
Neurophysiol., 1960, 12, 819-827.

John, E. R. Mechanisms of Memory. New York: Academic Press, 1967.

John, E. R. and Killam, K. F. Studies of electrical activity of
brain during differential conditioning in cats. In:
Recent advances in biological psychiatry. J. Wortis, Ed.,
New York: Grune and Stratton, 1960,

John, E. r., Ruchkin, D.S. and Villegas, J, Experimental background:
signal analysis and behavioural correlates of evoked
potential configurations in cats, Ann, N.Y. Acad, Sci.
112, 1964.

John, E. R., Shimokochi, M., and Bartlett, F. Neural readout from

memory during generalization. Science, 1969, 164
1534-1536. — ’



28,

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41,

42,

L3,

Lifshitz, K. The averaged evoked cortical response to complex
visual stimuli, Psychophysiology, 1966, 3, 55-68.

Lindsley, D. B. Paper presented at WPA meeting, Vancouver, 1969.

Magoun, H. W. Recent contributions to the physiology of learning,
In: Pavlovian conference on higher nervous activity,
Ann, N.Y. Acad, Sci., 92, 1961.

Mark, R. G. and Hall, R. D. Acoustically evoked potentials in the
rat during conditioning, Journal of Neurophysiology,

Morrell, F, Electrophysiological contributions to the neural basis
of learning. Physiol, Rev,, 1961, L1, L43-49%4,

Moruzzi, G, and Magoun, H. W. Brainstem reticular formation and
activation of the EEG, EEG Clin. Neurophysiol., 1949,
1, 455,

Oswald, I, Sleep. Penguin Books, 1966,

Oswald, I., Taylor, A. M., and Treisman, M, Discriminative
responses to stimulation during human sleep, Brain,
1960, 83, LLO-452.

Pavlov, I. P. Conditioned reflexes. London: Oxford Univ, Press,
1927,

Pribram, K. H., Spinelli, D. N., and Kamback, M. C. Electrocortical
correlates of stimulus, response and reinforcement,
Science, 1967, 157, 4.

Rescorla, R. A. Pavlovian conditioning and its proper control

procedures. Psychological Review, 1967, 74, 71-€0.

Ruchkin, D. S. and John, E. R. Evoked potential correlates of
generalization, Science, 1966, 153, 209-211.

Satterfield, J.H Evoked cortical response enhancement and attention
in man, A study of responses to auditory and shock
stimuli, EEG. Clin. Neurophysiol., 1965, 19, 470-475.

Shagass, C. and Trusty, D.M. Somatosensory and visual cerebral
evoked response changes during sleep., Society of
Biological Psychiatry Proceedings, 1966, 8, 3<1-334.

Shipley, T., Jones, R. W., and Fry, Amelia. Evoked visual potentials
and human colour vision, Science, 1965, 150, 1162-1164.

Simon, C. W. and Emmons, W. H, Learning during sleep? Psychol, Bull,
1955 s 2, 328‘143 .




L.

L5,

L6,

L7.

48,

49.

50,

51.

52,

Simon, C. W. and Emmons, W. H. EEG, consciousness and sleep.
Science, 1956, 124, 1066.

Spong, P., Haider, M., and Lindsley, D. B. Selective attentiveness
and cortical evoked responses to visual and auditory

stimuli. Science, 1965, 148, 395-397.

Sutton, S., Tueting, P., Zubin, J.,, and John, E- R. Information
delivery and the sensory evoked potential. Science,

1967, 155, 1436-1439,

Uttal, W. R. Do compound evoked potentials reflect psychological
codes? Psychol., Bull,, 1965, 64, 377-392,

Uttal, W. R. Evoked brain potentials: Signs or codes? Perspectives
in Biology and Medicine, 1967 (Summer), 627-€39.

Wilson, W. P. and Zung, W. K. Attention, Discrimination, and
Arousal during sleep, Arch, Gen, Psychiat., 1966, 15,
523-528,

Winters, W. D. Comparison of the average cortical and subcortical
evoked response to clicks during various stages of
wakefulness, slow wave sleep and rhombencephalic sleep,
EEG. Clin, Neurophysiol., 1964, 17, 234-245,

Weinberg, H. Evidence suggesting the acquisition of a simple
discrimination during sleep. Canad, J, Psychol,,
1966, 20, 1-11,

Weinberg, H. Personal communication. 1969,



120

APPENDIX



121

A note on calibration

The analysis of the AEPs was not concerned with amplitude changes,
however, estimatedssv. equivalences for reticular and temporal cortex

AEPs are shown below for monkeys B-1, B-2, B-3, and C-l,

RETICULAR CORTICAL
B-l 25/‘". 25 p”fV.
B2 10 25
25 25
B-3
C-1 25 25

The following tables ( A - G ) show the loadings of the AEPs on tke

Varimaxed Principal Components,



122

*sButplooay JeTNOYIRY ‘1€
*gquauodwon TedTOoUTJd] peXemTJep U0 8JHY 9AT3e3a)N pue eAT3Isod Jo sFUIprOo] °*y olqe.

g0~ 6T~ 80 9T €6 - 60 U 62 98 s feq
92- 02 T T~ 06 80 CT- 9¢ Lo—- 2zl UOY3oUTXT
0= 6T LO 8T 8L Tz~ 80 6T €0~ 6
8T- Lo 0 <o) 96 Go- 0= 6T 20 L6
™ 90 91 T~ L8 90~ 80~ g2 90 g6
Le= Lo~ 22 %0 06 ot~ €T~ 9¢ ZT- 68 sfeq
= 61 A €0 89 91T~ 00 Y€ 80~ 16 FuTuoT3TPUO)
44 go- 26~ TO~- OB 8Y - 6¢- - 09~
9~ 82 LE S0 Ly ge- 82 9% LT- 8§
¢l= 00 LE LT 6¢ 2= 0~ 68 €1 Y€ skeq
- €0~ 2L 20 9¢ ot~ r49 19 £9 ST Wopurey

¢r- 90 €e 18 oz~ 66— €T 9¢ 19 ™
Zz- €8 €0 oz og~ (44 €9 ST A LE UOTQUIIXY J9%IV o "
L0 TT €1~ 06 (0} €0 2 €2 L2 8 u J93JY M "
€0 00 £0 96 €1- LE- S 10— 9 €€ SutuoT3TpUC) 9J0Jeog 3se] desTg

g % € [ T g Y € 4 T

YOLOVA YOLOVI
84TV ANOL FATLVOAN SV INOL TATIISOd

SININOJWOD TVAIONTYd TIXVAIUVA NO SDNIQVOT




* sfugpaooey xeqa0) Lroqtpny ‘T-g
*squauodwo) TedToutdd pexewTldep U0 SJHY BATIeIoN pue aAT3Tsod Jo s3urpeo] °g eTqel

Mo.. mw ¢w mm 9 Hm sfeq
T O 8 - 99 T
0t 8S eI ZT- S¢ %€ vorIourRd
€T 0o¢- o8- 90 LL= 9%
T %o 8L- G0 YW9- €Y=
om: m.m mo Mo Mw.. 82 efeq
0 - $9- o- Oc-
S0~ 28 TO- €e- 9% Lo- BUTUOT3TPUCD
qo0—- 2¢ ¢l e 09 8¢
8¢ GZ- GL- 8¢ o0¢- 9 sfzq
00 92— - 62~ 89— 26— wopuey
92- €1~ Li- €~ €7- 89~
Gl 9T €2~ T v (41 UOTROUTIXH JI8JY m
9% €O~ 2L gT 8¢ oL " I39J¥Y ¢ n
69 60 60~ 28 S0~ 9 SutuoTqTpUO) exojeg 3so] deoTs
€ 4 T € c T
HOLOVA ¥OLOVA
84V ANOL FATLVOAN 847V HANOL ANTIISOd

SININOJHOD TVdIONIYd TIXVWIYYA NO SONIAYOT




*s3uTpIoosy JeTnoTIeY Z-€
*gquauodwo) TedTouTdd poXewTJRp UO SJ4V 9AT}IeF9N pue ©AT317s0d JO s3urpro] °) oTq®l

8¢ - Lo T SO~ M0 19 68 01 Y0 T2 T0 LT Lo
0O 80—~ 66~ T€- SO 9§ L2 Lo~ €1~ 1 T~ 65 YT~ YT skeq
TT- 80—~ 98- OT 0T %1t 60~ ze- To- 0% - 10 8T YL uoT3ouTIXy
LT ™ L0 g2= 60~ 2¢ Y €0 60— 90~ 2= 61 2 9
00 82— WT ST Lo~ Tz- 8 ST Lo~ zo= LT 8T- 68 2T
T2 22 99 6¢ o T ™ 92- €0 01 %0 - w2 2
G0 80— 60— LI- 90~ LTI 06 oz~ TO LE gr- 6T- SS9
- LT 8z 20 2e~ 20— 6L 2- 60 Tt 6~ TS TO~ $9
TO- 82 L8 00 0 91~ €2 0z- Z2IT- OL 60- Lo~ TIT- €9 sfeq
€T (074 g€ TO- €€~ TT- 89 €0~ 92- ¥ ¢- €0 1O~ SL FutuotyTPUO)
20 80—~ OT- 8T~ ‘'8~ 1¢ ¢€¢ 90 (0] 99 LO - 20 19
LT- LT= 09 '~ 9T- 10~ TS €0 ¢~ 62 €= o1 ¢2¢ Y.
rA S 4 8T 2L- We- T2 1€ ST- SO~ %S - 95— Sz 8%
- 28 € T2 0z 20~ 22 20~ LT ot~ o1 Lo 89 €1- UOTIOUTAXY  J8JY & u
€T~ S¢ 16- W2 6= 9¢ OT- 10~ 22 - 9T 9~ 19 "0 u I9YIV u M
90~ TT- 1T 82 69 LS— M0 60 LO 00 80 LE 18- 00 JutuotyTpuc) exojeg 3so] desTs
60~ 80 €€ €~ 6L- TT o2 0z 20 €0~ 2T= 2= 98 L0 efeq
- 1O - 2¢= L8 %o 60 91 8Y rAY 61 LY 20  6¢~ wopurey
OT- €0~ 8T 20~ 6L~ €€ ' 80~ OT €1 Z8- 00 60 61
L 9 S Y € Z T L 9 S Y € r4 T
YOLOVL YOLOVL
SJAY HANOJL FATLVDEAN 849V ANOL FATLIISO

SININOJWOO TVAIONTHd TEXVAIYVA NO SONIAVOT




125

Le=
ot~
8T~

N-ﬂ'
61
8T~

9T~
ST-
o
10

€0—
6e-

ST
Hnﬂl
se
L

ST~
92-

91~
Lo~

NN'

co-
Le
S0
0~

L0

..NH'
N-ﬂl
9

285§833

[2@\)
G

255 88

S

SJHV ANOL FATLVOEN

™ 60
T 62
80 T
60 80—
61 €T
T 9t
£e  €0-
9¢ OT
LS LT
€= <0
69 20
Le- SO-
€0 20
T 8
9T LUt
e~ Yo~
€ T2
60 z¢-
N/ £
HOLOVA

0$-
qS-
185

8c-
9T~
So-
(4%
€T~

Le
65~
69

LS-
c0-
6e-
9L

L
4

*squauodmo) TedTouTdd peXewTJIep UC SJIUY

LE
99
L9

cL
8L

0L
6¢-
oY
0s$-

T
OT

9¢-
%0
ce-
T

80~
0oe-
014

50
T
To-
8T
0~
0~
HH'
€1~
o~

8¢
80
Lo~

8T
ro-
61
L

co-
91
6T

80~
92-
%0~
ST
€0
0
Hjﬂl
60
co-

ST~
ct
L8

8¢
el
4%
9

€1
91
90~

89
9¢
€9
0T
8T~
OT
80~
| (4
90=

60
co-
€0~

el o
LT-
9¢-
S

8TV ANOL FATLISOd

SILNINOJHOO TVAIONTHd THXVWIYVA NO SONIQVOT

Sl
119

e

oL
Tt
o4
£C
154
™
9T~
9¢
eh-

19
o

9c=

cL-
£9
L=
»N

YOLOVA

Y10
LT
ct

HHI-
90
Le
Lo
Lo
41~
4%
o
6T

Le
68
L0

Lz~
10—
€~
£

9¢-
ge-
€T~

0~
60~
10
LE-
e
G-
)
.HN.'
9

el-
Te-
10

49
1%
gh
4

*s3uTpaodey TedTII0) ‘-4

sATqefeN pue @AT3ITSOd JO s8urpeo] °Q oTqel

6%
9L
Ll

074
c8
LS
9L
08
cL
6¢-
6%
6%~

ST-
61
Lo-

og-
oY
-
T

sfeq

UOT4 oUTIXY

sfeq
gutuoT3TPUO)

UoTROUTIXH J037Y u u
" Jd9JV u u
SutuoTaTPUO) dJd0Fag s3] deeTs

sfeq
wmopuey



Random
Days

Conditioning
Days

Extinction
Days

Sleep Test Before Conditioning

" n o After

" L

Table E(i)., Loadings of Positive Tone AEPs on Varimaxed Principal
B -3, Reticular Recordings,

Components,

After Extinction

LOADINGS ON VARIMAXED PRINCIPAL COMPONENTS

1

58

27
82

15
58
30
Th
74
53
85
57
72
72

66
38
38
AV
-12

-91

73
gl

5L
O4

56
52
61
41
66
36
70
8l
38

86
31

=09

32
32

POSITIVE TONE AEPs

3
19
10

15
=02
=11

Ol
=22

ol

-19
-03

06
=20
02

=16

22
21

FACTOR
4 5
=23 27
00 18
07 06
07 18
02 =03
11 =09
13 06
-07 =01
-2 =15
00 09
28 17
12 -02
23 =34
=02 o3
=22 =10
00 o7
-17 -1l
-84 1
09 25
=25 =09
03 =32

-18

07
17

09
29
25

-15
18

-0l
o7
36

-0l

=16
-06

07
~h6
-02




LOADINGS ON VARIMAXED PRINCIPAL COMPONENTS

52
Random 18

Days 86

o7
32
Th
36
Conditioning 7
Days 27
55
L9
8l
14

52

2
Extinction Zh

Days 39
-42

Sleep Test Before Conditioning -88
" #  After " 92
" w  After " 90

50
-18
30

86
83
36
78
48

70
75

85

78
34
68
31
0ol

02
18
17

NEGATIVE TONE AEPs

31
81

03

-01

=10

~36

07
=06
=23
~-19

10

-29
16
25

FACTOR
4L 5
13 35
-1l  -06
-08 15
-19 =09
o ol
16 05
o, 11
18 -08
o4 =06
=17 =17
-18 05
=03 =03
-17 10
-10 06
oL o0l
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Table E(ii).Loadings of Negative Tone AEPs on Varimaxed Principal

Components, B-3, Reticular Recordings.
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