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AESTRACT

An experiment was carried out in order to ascertain the
interr=lationships between spontaneous brain elesctrical
activity (EEG) and event-related slow potentials (ERP)
during th= formation of a simple association. Monopolar
racordings of brain electrical activity collected fron
normal female subjects were subjected to serial amplitude
measures and power spectral analysis. Acguisition trials
were compared to a psuedoconditioning and extinction series,
with a variety of statistical treatments. A delayed
condi*ioning paradigm was employed for the purpose of
establishing the relationshirs between several indexes of
acquisition and extinction. During the acquisition %rials
biphasic slow event-related potentials were obsarved in the
S1--S2 interval., These biphasic responses were accompanied
by changes in the spectral ccmposition of *he spontaneous
FRG. The overall results are discussed in terms of the
concepts of orienting and hatituation, as they are reflected
in FEG ind=xes of the learning process.
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CHAPTER 1

INTFODUCT ION

Tn the original studies on the electrical activity of
brain, Caton (1875, 1877, 1887) found that when a specific
area of grey matter was in a state of "functional activity
its =2lectric current usually =2xhibits negative variation"
(Brazier 1961). Some 15 years later, Back (1831, see
Brazier 1963), not knowing cf Caton's =arlier work, also
succeedad in recording the electrical activity of brain and
confimed Caton's report of the appearance of negative
variations in functionally active areas. 1In addi*ion, he
wrote the first descripticn of the blocking action of
peripheral stimuli on the EEG which reads as follows:

In additicn to the increase or décrease
in the original deviation during
stimulation of the eye with light,
rhythmic oscillations that have been
previously descrited disappeared.
However, this phenomenon was not the
consequence of light stimulation
specifically for it appeared with ever
kind of stimulaticn of other afferent

nerves. {Brazier 1963)



Beck went on to hypothesize that the development of
electro-negativity in an area of cortex indicatas the
creation of an "active state" in centers located there. H2
paerformed several stimulaticn experiments to induce steady
potentials and blcocking in varicus cortical areas, the
results of which confirmed bkis hypothesis. Beck's teacher
Cybulski published photcgrarhs of the ongoing EEG and so
documented the increase in frequency following peripheral
stimula*tion, Brazier (1961) equa*es these fast frequencies
with the desynchronized activity described today as
2lectro=-cortical arousal., <Credit for publication of the
first pictures of the EEG, however, belongs to
Pravdich~-Neminsky (Brazier 1961). These findings remained
little more than empirical chbservations until the
publication of Hans Berger's work commencing in 1929 (see
5loor 1969) which showed tha*t *the electrical activity of
t+he brain (electroencephalogram, EEG) could be recorded in
intact humans and that these spontaneous rhythms also
demonstrated "blocking or suppression" with sensory

stimulation.

~

Berger reported that the EEG of a quiescent human was

domirated by rhythmic activity varying frcm 8 1/3 +o 11 1/2

i
i

' Hz which he termed the alpha wave ( -w), and that sensory
%stimulation resulted in the disappearance of thz alpha

‘rhythm and appearance of lower voltage fast activity, term=d



I heta wavas { -w). XNo Lbaseline shifts were reported.

Although no reference is made *o any of the above, Jasper

(1936) reported suppression cf alpha activity in humans with

——

ngivity may be accompanied by a positivs polarization and
+ha*+-the post-positive rehound was associated either with an
incr2ase in alpha amplitude and frequency or, when %the
.negative wave was more proncunced, a continued blocking »f
rhythmic activity. He concluded that alpha blocking
accompanied by a neqafive shift was indicative'of a cortical

"excitatory" state, A possible association between alpha

blocking and negative baseline shifts was also discussed by
3ishop (1936). Rheinberger and Jasper (1937) replaced th=
term "excitatory"/;;th "activation pattern" to describe the
EEGwresponseHEEWth stimulus Condition-wﬁiéh tends to arouse
the animal {(ca%t) to activity or increase rnzuromuscular
tension, giving the impression of alertness. This conmplets
blocking of rhythmic electrical responses in th2 cat wvas
consideraed comparable in all respects to that observed for
the occipital alpha rhythm in man in response to visual
stimuli, The work of Moruzzi and Magoun (1949) and Lindsley
2t al. (1949) on the reticular activating system's effects
on arousal mechanisms and EEG desynchronization (synonomous

with blocking or suppression) provided support for Jasper's

(1936) hypothesis of a central arousal mechanismn.



Subs=quently, the association of this mechanism with *the
blocking of the cortical alpha rhythm during visual
attentivaness and orienting has gain=d relatively widespread
acceptance (Lindsley 1960). Duffy (1962, 1972) has argued
strongly for an electrophysiological definition of arousal
and her concept of "energy mobilization" seems to follow a

parallel argument. Subsequently, it has generally been

aqqumad that the preoence of low voltage, fast

T e e e -

desynchronlzed EFG reprpsent Wexcitation" or "activation®

of nﬁural mechanlsms, whereas the slower, hlghar amp11+ude

e e e e I

alnha rhy*hm is a 51qn of relatlvn 1nh1b1t10n {Grossman

f‘“"""'

1967) .

Latar studies have not in all casas supported this
conclusion, and some authors have suggested that low
amplitude fast EEG activity reflects inhibitory processes
{Grossman 1967). In spi*e of this conflicting =vidence,
subsequent research in EEG has generally fcllowed the train
of +hought that a cortical c¢r subcortical area is involved
in the task at hand when it exhibits one or mor= of the
following FEG changes: {1) blocking of spontan=ous EEG and
appearance of low voltage fast activity; (2) larger evoked
potentials with shorter latencies; and (3) negative shifts
in resting steady potential baseline. The majority of
investigations in the area have examined these waveforns

individually in what can locsely he referred to as a



classical conditioning paradigm. The following discussion
of spontanesous rhythms, slow potential changes and evoked
rotentials will center on changes in these waveforms which
have been elicited in a paradigm where the subject's task is
to form an "association" Lhetween two stimﬁli {S1-S2 or
CS-1CS, =2tc.). The subsequent chapter reviews the relavant
literature to show that each waveform can be independently
related *o this paradigm and thusly, an interrelationship

can he predicted.



CHAPTER 2

LITERATURE REVIEW

Alpha

The majority of investigations concerning EEG resactions
*+o paired sensory stimuli have focused on blocking of the
alpha rhythm as the dependent variable. There are four
possible reasons for this: (1) the REGs of a majority
»f intact humans contain a demonstrable alpha rhythm; (2)
this rhythm is generally large in amplitude and well defin=d
in comparison to other waveforms in the spontan=aous EEG; (3)
it responds by "blocking” tc visual stimulation in an
obvious way in th2 majority of thes population exhibiting i%;
and (4) historically, its blocking has been associated with
an active, aroused state in the organism.

As are many of the discoveries in electrophysiology,
+he finding that alpha blocking could be conditioned was
serendipitous. Durup and Fessard (1935) were racording th=
response of the alpha rhythm to a visual stimulus with a
camera, the shutter of which produced an audible "click"
eyery time the visual stimulus was presented. Fortunately,
+he shutter "click" occurred without the visual stimulus and
the alpha rhythm blocked as if the light had been presentsd.
This blocking continued for several presentations of the

mclick® alone, eventually extinguishing. Since the "click"




did not elicit alpha blocking prior to its association with

t+he visual stimuli, Durup and Fessard concluded that the

"click" had "acquired" the ability to block th2 alpha and
*hat its acquisition and extinction appeared to parall=l

thos2 found for overt motcr resporses,

These preliminary findings were guickly confirmed by
Loomis et al. (1937) whc regported that an auditory stimulus
+o which a subject had previously been adaptad could again
be made effective in blocking alpha by pairing it with a
visual stimulus. Cruoikshank (1937) and Jasper and
Cruikshank (1937) demonstrated that an auditory stimulus
which served as a warning for a light requiring an overt
rasponse acquired the ability to blecck alpha. These
findings were further supported by Travis and Egan (1938)
who reported alpha blocking {(defined as a striking
deprassion of alpha activity) on 34% of *he trials in which
t+he CS and UCS were paired (ccmpared to 11% for CS alone)

and that blocking returned to the 11% level following only

3-4 nonreinforced trials. 1In contrast, Martinson (see Knoxt
and Henry 1941) was able to replicate Travis and Egan's
results without pairing the tone with a light.

A more extensive examination of conditioned alpha
blocking was conducted by Jasper and Shagass (1941a) who
applied simple, cyclic, delayed trace, differential,

differential delayed, and backward conditicning procedures



to the problem. In some cases extinction and spontaneous
recovery were also shown, 1Iong delay and *trace intervals
(3-10 sec) apparently resulted in bored, sleepy subjects, as
slow waves were noted in the EEG. They attributgd the
instability of the response and its rapid extinction to th:
low motivation of the setting. In a suhsagquent paper,
Jasper and Shagass (1941b) concluded that the subjects wer=
not pacing the CS-UCS interval, as th2ir subjective
estimates of the interval were considerably longer than thsa
actual interval. 1In a similar vein, Shagass and Johnson
(1943) were able to show an accelerated acquisition curve
for subjects receiving partial reinforcemznt (50% of CS's
followed by UCS) as ccmpared to subjects given 100%
reinforcement. However, as XKnott (1941) points out, their
usual definition of conditicning was extremely liberal:
"conditioning was considered established when at least two
consecutive responses to the conditioned stimulus occurred
in which there was a sufficiently long depression of alpha
rhythm to be clearly a response to ths stimulus rather than
a 'spontaneous' variation."

In view of Knott's objection, and the knowledge that
almost any stimulus selected as a conditioned stimulus will
initially block alpha, the question arose as to whethar this
is +rue conditiosning or merely sensitization. Similarly,

Yoronin and Sokolov (1960) discussed alpha blocking as a



component of the orienting reflex. Knot%* and Hanry (1941),
drawing on Martinson's data, attempted to differentiate
sensitization from "true" conditioning by using a delayed
conditioning task with a 4 second i.s.i. which would allow
ampl2 time for full recovery of alpha blocked by the CsS.
Thus, anticipatory responses should be fully measurable.
Their results were somewhat equivocal in that the blocking
was not only exceptionally labile, but the conditional
blocking showed evidence c¢f inhibition of reinforcemant.

An alternative procedure would be to employ
pseudo-conditioning (sensitization) trials in order to
habituate the alpha blocking to the CS (Kling 1971).
Esecover 2t al. (1964) and Milstein (1965) employed a
light-alone series after tone habituation and demonstrated
sansitization by a tone-alone series immediately thereafter.
Rs2cover 2% al. inferred that sensitizaticn does occur and
that this ~ffect is indistirguishable froem that attributable
to pairing of tone and light. Torres ({1968) reported
incomplet2 habituation to tcnes prior to differantially
pairing them with light. He postulated that this incomplete
habituation may have been due tc "the sensitizing effect of
interspersing two tones cf different freguencies.' However,
+he pairing of tone with the light rasulted in significantly
mor=2 alpha blocking response than presentation of either

+on2 alone,
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Putnay (1966), in reviewing this literature, conclud=d
that perhaps the multiplicity of experimental conditions
2mplnyed in tha area could account for the guestion of
whether conditioned alpha blocking actually occurs (Jasper
and Shagass 1941 a,b), is a weak and unstable phenomena
(Albino and Burnand 1964; Gastaut et al. 1957; Knott and
Hanry 1941), or does not occur at all {(Stern et al. 1961).
Stern 2f al. (1961) noted a consistent increase in subject
alertness in habituation (tcne alone), while during
"conditioning™ there was a consistent decrsase as reflected
by slow waves in the i.t.i. They further note, as hav=
Lairy-Bounes and Fischgold (1953), that stimulation of
drowsy subjects frequently results in alpha enhancemant and
that this =2nhancement may account fcr the absence of alpha
blocking in their study.

Putn=2y (1966, 1973) and Putney =2t al. (1972) hav=
conducted a series of studies to =2Xamine the role of overt
motor responses and the method of response guantification as
independant variables which might effect the presence of
alpha blocking. Their results demonstrate fairly
conclusively that alpha blocking can be conditioned and is
not dep=ndent on making an overt motor respons=, although
the presence of one facilitates it, They further note that
the scoring method pioneered by ¥Knott and Henry (1941)--if

three or more waves in a given epoch ar= 50% below
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pres+imulus waves, blocking is said to occur--is too
conservative a criterion for defining alpha blocking. This
last point may well acccunt for Wells' (1963) contention
+ha+ alpha blocking is unstable, and may be abs=2nt even
during paired trials. This phenomenon has been noted by a
number of investigators (Gastaut et al. 1957; Tto et al.
1959; Mcorrell 1958) and Visser (1963) showed that
conditioned alpha blocking decreased over trials while the
galvanic skin reflex did not. A decrement in the response
over trials was attributed to "inhibition of reinforcement™®
by Knott and Henry (1941).

A further problem is that suppression of alpha with eovye
npening or with the appearance of a bright light in a
darkaned room is not truly "unconditioned." Redlich 2t al.
(1946) found that 12 of 100 subijects failed to show any
chang=2, and 16 only slight changes, in alpha with eye
opening., Wells (1959) has shown that a 3 sec light which
is repeatedly presented tc a subject does not invariably
result in alpha blocking. Jus and Jus (1960) reported tha=
over the course of time the alpha blocking response is

changed from a generalized reaction to a focal on=.

[Jes}
1D
jot
B3]

In the foregoing li*terature, frequent mention is made

~ e e e e e e

+o0 an Mactivation pattern" (Rheinberger and Jasper 1937)

e
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seen as low voltage fast (beta), desynchronized, irreqular

B S — Y
e

activity which "replaces" tte alpha when thé latter blocks.

Thes2 characteristics make beta waves easily confused with

ictionﬂpotentials of the scalp muscles which have a similar

frequency range (Gibbs and Grass 1947; ¥ark 1947; Finlay
/

1944) . 1In addition, beta waves are not readily affected by

fagﬁqrs<which modify alpha (Lindsley 1944). Although

e

numerous reports are available which show changes in beata

with various "mental tasks" (Mundy-Castle 1951, 1953, 1957;

R . IS

Berger 1929, 1930, 1931, 1932 in Gloor 1969), few studies

_have beaen-done *to relate beta to paired stimulus conditions in

humans.
foctetobintl

Paerhaps the best known study is that of Thompson and
Obrist (1963, 1964) concerning the EFG correlates cf verbal
learning and overlearning in a serial anticipation paradigm.
They divided the EEG into alpha (8.5-12.5 Hz), beta (> 12.5

Hz), slow (< 8.5 Hz), and superimposed fast activity,

separate from beta. The slcw activity did not occur in

Sufficiéﬁt guantity to warrant a separate analysis. Th=ir
results show a significant drop in alpha with corresponding
increments in beta and superimposed activity when correct
responses were first being elicited, which d4id not return to
control levels with overlearning. Similar findings werse
reported by Thompson ard Thcmpson (1965) with the additional

not2 that alpha incidence tc a given nonsens=2 syllable was
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ini*tially high, dropping to its lowest point when tha
syllable was learned, with a gradual return to pre-learning
levels., Thompson and Obrist suggested that EEG
desynchronization plays a significant role in varbal
learning, not as a reflection of the strangth of association
bonds, but rather as a correlate of focused attzsntion. TIn
fact, those syllables which were not being "forcefully
ittended to" were associated with increased alpha and
decr=2ased beta., In a subsequent study, Thompson and Wilson
(1966) reported that "good learners" had significantly mor=
heta than "poor learners®" ir a paired associates paradigm.
Freedman ei al. (1966), cn the other hand, reported a
significant interaction between alpha and lecw frequency
(5.5-8.5 Hz) activity in the form of a reciprocal
relationship., Be*ta activity was seen as exhibiting
nonsignificant random fluctuations over learning. They
interpreted these findings tc show that learning (paired
associate) is associated with decreasing arousal appearing
well in advance of response changes,

Motokizawa and Fujimcri (1964) studied the alpha
blocking response in humans and reported a significant drop
in B1, B2 and B3 activity (13-20, 20-30 and 30-60 Hz) during
alpha blocking to a 60 sec 1light. They offered no

2xplanation for their findings.
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The EEG was examined during the acquisition of a
conditioned galvanic skin response hy Motokawa and Huzimori
(1949) . They distinguished three EEG responses which they
+oarmad "excitation potentials® (“EP") : (1) alpha blocking,
(2) be*a 3ugmentation, and (3) dirreqular bhaseline
defl=actions of 3-5 Hz. Motokawa and Huzimori reported that
+he "EP" response developed during acquisition, occurred
just before the GSR, was more easily 2stablished and
resisted sxtinction longer than the GSR. Motokawa (1949)
subsaquently reported that differential "EP"™ r=sponses wer=a
2asier to establish than peripheral responses to the same
stimulus. These findings were extended to conditioned
salivary response in humans by Iwama and Abe {1952) which
was also preceded by "EP's." Studies by Twama (1950) and
Twama and Abe {1953), however, showed these "EP" responses
to b2 unstable over trials, being replaced ultimately by
alpha activity.

Bata bursts have also been report=d to occur in the
fron+al orbital and para cingulate areas of one patient
during the performance of a reaction time task {Xamp 2t al.
1972; S*torm van Lseuwen and Kamp 1973). The bursts were
prominent early on in the experiment, diminishing with
repetition of the task over several days.

Although not directly ccmparable *to a conditioning or

learning paradigm, there have been several studies conductad
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relating alpha blocking and activity to reaction time
paradigms. Knott (193S) and Bakes (1939) were able to
relate the latency of the alpha blecking response to
r=2action time in both simple and checice reaction time
paradigms. Subsequent studies focus=2d more on the presencs or
absence of the response and may be conveniently divided into
those showing shorter reaction time to be associated with
alpha blocking to a warning stimulus (Monnier 1952; Lansing
2t al. 1959), and those which showed that alpha blocking
was not significantly related to reaction time when no
warning stimulus was present (Fedio et al. 1961; Lansing 2%
al. 1959). Thompson and Botwinick (1966) examined the rol=
of the preparatory interval in determining the relationship
between alpha blocking and reaction time. Their data did
not demonstrate a clear relation although they concluded
that th2 alpha blocking and beta activity did appear to b=
r2lated to anticipatory set. A subsequent study by Leavitt
(1968) confirms the findings of Thcmpscon and Botwinick that
alpha blocking and reaction time do not covary within the
contaxt of a foreperiod reaction *ime paradigm. Both sets
of authors suggest that behavioral and FEG arousal patterns
ars not one2 and the same,

Although beta is generally viewed as an indicator of
behavioral arousal, or selective attention, the relationship

is not one-to-one. Freedman et al. {1966) suspected
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"that upper frequencies merely becom2 more visibhle as alpha
decresases" and that "it is rrobable that these frequencies
ara presant whather or not learning occurs." Mundy-Castle
(1951), on the other hand, rroposes two classifications of
be+ta, B1 and B2, with B1 shcwing suppression during mental
activity and often though not invariably related *o alpha

frequency, with B2 augmented by the same.

Delta and Theta

gg;hmgeltasznu Hz) and theta (4-7 Hz), aglgr;qinally

lter and Dovey (1944), are

defined by Walter (1936) and Wa

prominent in EEGs of infants and young children, but rarsly

no*2d in the EEGs of "normal" adul*s in the

e

awak2 state

{Cobb 1963). Their appearance is generally taken as a sign

of drggg;nesgLﬂiing_(Rechtschaffen and Kales 1968), or

cerebral patholoqy (Walter 1936; Waltzar and Dovzay 1944).
qfhere are reports in the learning and conditioning
literature which show focal slow waves (spacific frequency
usually given as < 7.0 Hz) to cccur during conditioning
paradigms. Gastaut et al. (1957) in their classic
cooparative study on the conditioned blocking of both alpha
and Reclandic rhythms {rhythm en arceau, Cobb 1963) reported
that if paired stimuli were presented after formation of the

response, the CS might be fcllowed by either increased

amolitude alpha, Rolandic activity, or slow waves. The
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appearance of the slow waves was interpreted as a sign of
central inhibition.

Employing sound as CS and finger shock as the UCS,
Alexander (1958) examined alpha blocking and GSR responses
in normal and psychotic subjects. H=2 noted occasional
reductions, delays, or disappearance of the alpha and GSR
responses ("central inhibition"), with the ERG becoming
hypersynchronous during these periods. On the basis of a
preliminary verbhal instructicn, Mayorchik et al. (1958)
2stablished a motor reflex followzd by a conditioned reflax
to sound, During the establishment of the reflex to sound
t+he EEG showed alpha depression. Subsequently, at the first*
stages of the development of inhibhi%ticn of delay when the
second stimulus was separated from th2 light stimulus, clear
cut slow waves appeared in all cortical areas. After
repeated d=2lays of the stimulus the slow waves became focal
t+o the motor area involved. They explained this as the
"concentration of internal inhibition.®

similarly, 6rindel and Spirin (1958) showed that when a
motor movement was conditiored to an acoustic stimulus delta
waves appeared in the motcr area in response to the first CS
delivered during a repeated examination. Coinciding with
these focal delta waves is a depression of alpha activity in

+he occipital areas. The delta waves were replaced by
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faster activity just prior to verbal reinforcem=2nt (the word
"press") and the motor movement. However, when the motor
action was firmly conditioned and performed without
reinforcament the delta waves were not chserved. When tha
condi+tioned reaction was reversed, slow (4-5 Hz) waves
appeared in the EEG over the motor area in response *o the
first CS. These slow waves were subsequently replacasd by
faster frz2quencies. Again, "inhibition" was invoked as th=2
2xplanation for the appearance of these waveforms. Verbhal
reinforcement was also used by Peimer and Fadeyeva (1958) to
2stablisn positive and inhititory reflexes to cutaneous
stimulation. They showed that in some subjects the
depression of alpha rhythm during the CS was accompani=d by
a2 simultan=sous apperance of delta activity. Thas=2 slow
waves, which were not elicited by the cutaneous stimulus,
appeared in the parieto-cccipital areas during the first
combinations of stimuli, chiefly as an after discharge
following *he motor response. Subsequent stimulus pairings
resulted in the activity shifting to the beginning of +h=
CS. During formation of motor conditioned reflexes
Christian (1960) observed generalized EEG changes in the
form of a depression of activity simultaneously with focal
slow activity. He postulated the generalized depression to
be a corralate of a "surprise effect” whereas the focal slow

waves wer2 of an inhibitory nature.
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Other investigators (Iwama 1950; Iwama and Abe 1953;
Morr=11 and Ross 1953; Motokawa and Huzimori 1949) noted
that if the CS-UCS interval was prolonged then the
desynchronization usually present throughout the interval
#as often interrupted by hypersynchronous bursts. Thes=2
slew hursts gave way *to a brief burst of beta just prior to
the UCS. In differential conditioning paradigms the
differential stimulus elicited a brief burst of beta
followed by a prolonged pericd of hypersynchrony. Tan
{1970) divided the CS-UCS interval into two halves,
inhibition and excitation, with slcw synchronous activity
b2ing equated with the inhikition in the first half of the
intarval, and beta activity appearing in the las%t half. H=
noted that if the subiject happened *to be drowsy the order of
appearance was reversed, excitation then inhibition, as was
the appearance of the EEG ccncomitants,

These observations suggest that hypersynchronous slow
rhythms are the electrical concomitant of inhibition
{Morrell 1961). A similar conclusion was reachad by PRowland
(1957) concerning hypersynchronous slow waves seen in the
cat following presentation of an unreinforced CS.

rParadoxical increments in theta activity have also he=n
associated with high arousal states, namely in young
children. 7Tn his initial description of this pattern,

Waltar (1950) stated that it could be elicited by any
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pleasurable stimulus. Subsequently, Walter (1959)
emphasized the ability of unpleasanrt stimuli to evoke this
response, Unpleasant emcticnal sta*es accompanying
repetitive photic stimulaticn, embarrassment, and frustration
wer= repor*ted +to elicit the+a activity in normals by
Mundy-Castle (1951, 1953). A four-fold classification of
+heta with only the fourth class being related to emotional
stimuli was subsequently prcposed by Mundy-Castle (1957).
More recently, Berkhout e* al. (1969) has shown slow
activity to be prominent in EEGs of subjects answering
amotionally laden personal guestions. Maulsby (1971)
concluded from the data on cne infant that it could be
2licited by either pleasure or displ=asure and labell=d it
"hedonic hypersynchrony." Period analysis of Borman's EEG on
Gemini VII revealed several long epochs dominatz2d by theta
and delta activity which ccincided with a behavioral state
of high arousal during lift off and following a systenm
malfunction (Burch gt al. 1%67),

In spite of these special cases in which slcow activity
may be associated with high arousal, *he majority of the
avidence supports a conclusiorn of its reflecting an
inhibitory state (Grossman 1967; Gastaut 1957).

In summary, either cf twn basic types of changes in the
spontaneous EEG may be seen during the interval between pairs

of stimuli about which a sutiject has formed an associat*ion.
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The firs* blocking of ongoing activity (generally alpha) and
the appearance of beta activity is generally se=n with short
interstimulus intervals (1-3 secs) and few trials. The
second blocking of ongoing activity and appearance of
hypersynchroncus slew activity occurs with longar
interstimulus intervals (4-16 sec) and a larger number of
*+rials. The first type is generally associated with arousal
or activation whereas the second has been linked to

inhihition.

SLCW POTENTIALS

Subsequent tc the work of Caton and B=ck, the
devalopmant of capacitance coupled amplifiers effectively
2liminated slow potential (SP) components from
investigations into the electrical activity of brain (EEG)
until *ha late 1940's and early 1950's.

Slow or steady potentials have been defined as a
nonrhythmic potential difference between cortical surtace
and subjacent white matter which does not fluctuate by mor=
than 0.5 millivolts over several hours and on which thé
convantinal EEG "rides”" (O'leary and Goldring 1964). Thes=
potentials are generally seen to fluctuate only with changes
in "s+tate" of the organism; for example, awake-asleep (Wurtz
1965) or during epileptic seizures (Caspers and Speckman

1969). Although its presence in sub-human species is w=1ll
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documented (C'Leary and Goldring 1964; O'L=2ary 1963), its
2xistence in man has not been extensively investigated
(Chatrian et al. 1968; Cower 1974; Goldring et al. 1958).
In contrast to Wurtz's (1965) findings in animals, Davis 2%
a2l. (1939) reported no ccrrelation between stages of slee
and slow potentials in humar subjects.

Slow potential shifts c¢r changes (SPCs) are relative
changes in SP in “ime, generally in response to discrete
stimuli (Rowland 1968). These shifts are described by the
following parameters: polarity--either positivs or
negative, depending on direction frcm some arbitrary zero
haseline, recording convention, and reference site if
"monopolar" recording is employed; amplitude--magnituds of
the shift from baseline either in microvolts or millivolts;
time--duration of the shift usually in seconds.

A third class of slcw potentials, refarred +o as infra
slow rhythmic oscillations, are slow frequency changes of 0.5
to 8/min which may develop spontaneously or appsar 20-30
minntes after intense sensory stimulation (Aladjalova 1957,

1969) .

Of principle interest to this review are those
wavaforms referred to as slcw potential changes, i.e., thoss

bearing a temporal rtelationship to external stimuli.
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Morrell (1960) 1is generally credited with the first
demonstration that SPCs could be conditioned. He combined
an auditory signal with lcw frequency =2lectrical brain
stimalation to =2licit an SPC in the cortex ipsilateral to
the site of stimulation. These SPCs were frequently but nnt
always associated with EEG desynchronization. These changss
were interpreted as reflecting a "dendritic locus of
closure," Shvets (1969-70) and Rusinov 2t al. (1969) have
recorded SPCs during formation of conditioned raflexes in
rabbits, similar tc those reported by Morrell.

The suggestion that SPCs are reflections of loci in
closures is supported by studies dealing with dcminant foci
recantly reviewed by Rusinov (1973). The dominant focus
concapt implies that association between a stimulus and a
motor response can be topographically determined (focused)
by a low-level somatosensory cortical polarization., The
polarization itself is incarpable of eliciting the response;
rather, it establishes the site of the dominant focus for
t+he central system, usually auditory, to form a temporary
connection with the ceretral system responsible for the
response. In his excellent review, Rusinov points to the
close similarity between the mechanisms of formation of ths
dominant focus and mechanisms of temporary connections.
That this exogenous polarization appears to simulate an SPC
similar to that found by Morrell and others led Rowland

(1968) *o postulate that the applied currents and SPCs might
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be involv=ad in an essential mechanism underlying formation
2f the temporary connection, i.e., learning.

Paerhaps the most extensive work in this area has been
conducted in cats and rabbits by Rowland (1963, 1968) and
his colleaqgues (Rowland and Gcldstcon= 1963; Rowland et al.
1967; Rowland and Andersonr 1971; Rowland and Dines 1973).
They have examined both the SP and SPC to a variety of
stimuli and behavioral situations (eating, drinking, sexual
stimulation, electrical brain stimulation, conditioning) and
have repeatedly shown the two to be separable evants. 1In
summary, they have shown that slow potential changes in
response to nonreinforcing stimuli rapidly diminish in
ampli*ude with repeated stimulus presentations, but are
retained to reinforcing stimuli as a function of drive levzl
and may be acquired in a classical conditioning paradiqm to
previously nonreinforcing stimuli, These findings havs
suggaested to Rowland and his colleagues that SPCs may
reflact the Hullian concept of reaction potential.

Fxamination of SPCs as recordz2d a*t *he scalp in man
were conducted by Kohler and Held (1949) and Kohler and
Jegener (1955) in search of an electrocortical correlate of
auditory and visual perception which could be interpreted as
an isomorphic cortical regiétration of the stimulus. That
they initially interpreted these responsa2s as being positive

in polarity can b2 acccunted for by their choice of the
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vertex as a reference site. Kohler and Wegener (1955)
subsequently changed to an active electrode at the vertex
referenced to the neck which gave them "clearer results" and
responses negative in polarity. Mores recently, David et al.
{1969) have shown sounds of variable int2nsity and duration
to b= capable of eliciting regative SPCs which are
maintained over the duratior nf the stimulus. These
rasponses are maximal at the vertex but can be localiz=sd in
the occipital areas if visual rather than auditory stimuli
are 2mployed. Keidel (1971 a,b) suggested that these SPCs
were not identical to the ccntingent nesgative variation
(CNV) described by wWalter et al. (1964), but rather
objactive correlates of the stimulus quring it+s duration,
similar to those of Kohler and his colleagues. However,
Jarvilehto and Fruhstorfer (1973) showed that hoth a short
sound (1.0 sec) and a pause withir an otharwise continuous
sound elicited negative SPCs which did not differ in their
characteristics. ¥From these data, they arqued that the
rasponse reported by Keidel et al. (1971 a,b) is analogous

to the CNV and not an "objective correlate of the sound.*

Contingent Negative Variaticn

The CNV as initially described by Walter =2t al. {1964
is a negative SPC occurring in the interval bhetween two

stimuli about which a subject has formed an association. Tt
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is generally maximal in amplitude at the vertex (Cohan 1969)
and can be elicited by a stimulus pair as long as the
subj=2ct maintains an active interest in tham.
Although wWalter (1964b, 1568) originally viewed the CNV
as an electrophysiological representation of the formation
nf the classical Pavlovian conditioned response with S1 th=
CS, 52 the UCS, and the motcr response to S2 as an operant,
few subsa2quent investigations have employed a conditioning
paradigm {habituation, acquisition, extinction). The ‘w
majority of studies (for reviews see Tecce 1971, 1972;
McCallum and Knott 1973, 1976; Dargent and Dongier 1969) (
have established the S5S1-S2 association with verbal |
instructions to the subject (Price 1974). | o i
In their classic study on CNV, Walter et al. (1964) ?
initially presented the subject with clicks {S1) and flashes
{S2) separately, repeatedly paired, repeatedly pairad with
52 requiring a motor response, and finally S1 with S2 either
absen* or present only part of the time. Th2 responses
(vertex elactrode) to S1 and s2 alone showed typical evokad
potentials (EPs) with brief negative components. When S1

and S2 were paired, both EPs were essentially urnchanged and

both "dwindled to noise-level after about 50 presentations." ;

Addition of the motor resronse resulted in the formation of K
a CNV on the S1-52 interval which reached its peak at S2.

When S2 was withdrawn, the CNV progressively diminished in
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size, disappearing almost ccmpletely after 30 trials. If S2
is not withdrawn completely (probability dilution) the
response does not drop completely to zero. This pattern of
acquisition was slightly different during the formation of a
classical defensive eyelid response. In this paradigm, CNV
amplitude increased rapidly over the first 24 trials, at
which time the response is well formed. Subsequent trials
lead to a progressive reduction in amplitude, until after 60
trials thé CNV was scarcely above baseline and the ey2 was
closed well before the air puff. Under partial
reinforcement, both the CNV and the response disappeared
completely, Supporting data have been reported by Lopes da
Silva and Storm van Leeuwen (19€9) which alsc shows thsz
reacquisition of the response following extinction and its

restoration following reduction in a distraction paradigm.

A subsequent series of studies by Low et al. (1965, 1966

a,b) used a paradigm similar to that of Walter =2t al. in
which S1 and S2 were presented singly, paired, and with S2
raquiring a motor response. All of their subjects (N=63)
showed a general pattern: with initial S1-S2 pairings a
late negative response (analogous to CNV) tc S1 was readily
apparent which diminished with repeated pairings, eventually
disappearing. When S2 required a motor response the late

negativity tc S1 reappeared and progressively increased in

amplitud= over trials, During extinction this late negative
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wave gradually diminished, disappearing entirely after 36-u48
or more trials. Verbal statements to the subjects that S2
would no longer occur results in immediate reduction of CNV
{Walter 1968) or in 6-12 trials (Low e* al. 1965, 1966
a,b). Walter (1965a) suggested that this social extinction
was aquivalent to 20-50 unreinforced presentations of S1.

Of particular interest was their note that while an
aperant response (motor resgonse) was not necessary for th=z
initial development of the slow negative wave, some form of
intentional response may be necessary fcr its maintenance.
The motor response then may serve to "maintain" the
subject's level of interest in the task at hand (Walter
1965b). Walter later demonstrated that appearance of the
CNV was not strictly dependent upon anticipa*tion of a motor
response but could be elicited when a subjectively
"interesting”" or "informaticnal" stimulus was expected.
Mor=z recently, Kakigi et al. (1975) examined changes in CNV
amplitude over 10 blocks of 20 trials. They reported CNV
amplitude to progressively decrease over blocks and related
this to a combination of fatigue, lowered attention, reduced
arousal and central adjustments,

The dependence of the CNV upon the probability of
association between S1 and S2 initially discussed by V¥Walter
2t al. and Low et al. was further examined by Walter

(1965c) . In this report, Walter was able to manipulate CNV
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magnitude by changing the probability of the occurrence of
S2 from 100% to 50% and back several times. These findings
led Walter to emphasize "expectancy" as the key
psychological variable relating to the CNV. An excellent
cstudy by Hillyard and Galambos (1967) cdmpared CNV
acquisition over trials in two groups of subjects, one which
had prior experience with S1-52 pairs (Group R), and the
othar (Group P) with experience with S1 and S2 presented
3ingly but where S2 required a motor response. 1In Group P
+he CNV was small but present when no motor response was
required and increased rapidly in size following institution
of the motor response requirement. Group R, on the other
nand, showed a more gradual increment in CNV amplitude as
S1-352 pairs were repeatedly presented. Neither group showzd
any significant decrease in CNV amplitude with probability
dilution but a dramatic decrement was found during
axtinction in both groups. They interpreted the different
acquisition rates in terms cf the subject's differential
experiences with the relevant stimuli, concluding that the
learning of stimuli configurations is a major factor in
reqgulating subjective expectancies. Similar gradual
increments in CNV amplitudes were teported by Karrer 2f al.
(1973) to occur in subjects during the acquisition of a
light--sound--response sequence. During extinction trials

in which S2 was omitted, CNV amplitude dropped to zero.
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Making the response ineffective with respect to the
termination of S2 only slightly reduced CNV amplitude.
Changes in CNV were consistent at both the vertex and
frontal recording sites.

Cant and Bickford (1967) investigated differential
changes in CNV magnitude and distribution with non-noxious,
noxious, and avoidance of ncxious stimuli. A progressive
increment in CNV amplitude was found when a non-noXxious
(S1-52 both clicks) baseline condition was modified to
include the following: an vunavoidable noxious shock
(S1-52-S3) ; an operant respcnse (S1-52-0); an operant
response plus shock (S1-52-C-S3); and avoidance of the shock
wher the operant response was made within 286 msec of 52
[S1-52-0-(S3) ]« Maximal amplitude was seen at the vertex in
111 but the last condition, during which it shifted to th=2
frontal areas., They interpreted the data as suggesting that
the CNV was not a unitary phenomena (an idea which did not
gain prominence for several years). When subjects were
required to press a button in the last 2 secs of a 15 sec
interval to avoid a noxious buzzer, a CNV like waveform was
seen in the record {Low et al. 1966 b}.

That the CNV appears tc behave as a "conditioned
response” suggested to McCallum (1973) that it might relate
to +he reduced conditionability of psychopaths in classical

conditioning situations. McCallum investigated both
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classical 2yelid conditicnirg and motor response (button
press) acquisition paradigms in pscyhopaths and normal
subjects. Although the data were confounded by artifacts
(eye movement) and the shcrt i.s.i., a CNV was observed to
som2 degres in all subjects whick tend=2d +o be smallest on
+he ini+ial 12 trials, largest during the second and third
sets of 12 trials, and steadily decreased thereafter. 1In
addition to following the general trend of the response
acquisition, CNV amplitude also discriminated hetween the
groups, being significantly larger in the normals. McAdan
(1966, 1967) reported the CNV to bear an inverted--U
relationship with the learning of a *temporal interval. 1In a
similar 2xperimen*t, McAdam €+ al. (1969) showad that when the
subiject pradicted the duraticn of the i.s.i. their CNVs
terminated approximately at the point at which they had
predicted S2 would occur.

Lelord et al. (1976) employed sound either alon2 or in
combination with light, ulnar nerve stimulation, percussion
of Achilles tendon, or verbal instructions for a motor
response, to condition slow potentials. Tnitially, slow
potentials were only seen following the motor response, but
repeated presentation of a stimulus 700 msec prior to the
command stimulus eventually led to the appearance of a slow

wave 1in th2 i.s.i.
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The studies reviewed above are paralleled in their
findings in animal studies (cats and monkeys) in which SPCs
have been recorded frcm cortical and subcortical areas
during the acquisition of arppetitive and aversive jaw
movament (Rebert and Irwin 1969), condi*iocned leg flexion
(Chiorini 1969), lever pressing for food reward (Borda 1970)
and shock avoidance (Hatlitz 1973). Together, the data
support the conclusion that SPCs are susceptible to
conditioning and as such behave in accordance with the levzl
of involvement of the organism regardless of whether
"involvement" is interpreted as conation, expectancy,

motivation, drive, or scme cther psychological construct.

EVOKED POTENTIALS

Analysis of evoked rpotential changes during various
conditioning and learning paradigms is w211 documented in
subhuman species. 1In general, the data show a gradual
disappearance of the EP to the CS during habituation with a
rapid reappearance when the CS is paired with a meaningful
11CS. The EP is initially widespread, being recorded
+hroughout cortex and numerous subcortical areas, becoming
progressively focal to that portion of brain actively
involved in the response itself. Once the response is
firmly established, the focal EP may then in fact disappear

or shrink further in size. Further detailed reviews may be

cdm
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found in Bartlett et al. (1975); John (1961, 1967); John 2%
al. (1973, 1975); Morrell (1961); and Thompson 2t al.
(1972) .

According to Rusinov (1960), Kats employsd a sequence
of three clicks with =2gqual interstimulus intervals and
required subjects to squeeze a bulb following the third
stimulus, If the third stimulus was absent or delaysd in
time, an evoked response apgeared at that point at which the
clicks should have occurred. Davis (1939) reported the
nccurrence of "anticipatory" on and off effects when a
reqularly spaced sequence of tones was unexpectedly stopped
or the interstimulus interval prolonged. Theses responses
could be analogous to the P300 subsequently described by
Sutton et al., (1967). 1In spite of a detailed search,
Walter (1964a) found no trace of a "conditioned" brain
response, that is, a consistent waveform at the moment when
an unconditioned response wculd have appeared when the UCS
had actually been withdrawn. On the other hand, he
frequently found conditioned motor and autonomic responses
in those conditions. Walter suggested that the response may
have been there on the first few trials but was reduced to
zero by signal averaging.

studies relating EPs, as recorded at scalp in man, to
conditioning per se are relatively few. The majority of

studies have examined EP correlates of paired stimuli or
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relevant stimuli by verbally focusing the subject's

attention on the stimulus. Naatanen (1975) has critically
reviewed these studies. Consistently, investigators in this
area report increases in amplitude of the late components

(> 100 msec) when stimuli are attended to and a corresponding
reduction in the norattenticn state. If the stimuli are
sufficiently relevant to the subject, an additional late
positive component (P300) may be recorded (Sutton et al.
1967) .

Meszaros (1966, 1969) and Meszaros and Adam (1968) (see
Maszaros 1972 for a review) employed a click as the CS and a
flash for the UCS, separated temporally by 200 msecs. With
this paradigm, they have teen atle to demcnstrate
habituation of the EP to the CS and its re-establishmant
following CsS-UCS pairings. TInterestingly, during extinction
they report the appearance cf a "conditioned evokead
response" at the time the UCS formerly occurred. Further,
snce the subject had been exposad to hundreds of CS-UCS
pairs the "conditioned" EP cculd not be extinguished,
persisting for several months. They also reported the
nccurrence of a large slow negative wave in the
interstimulus interval which they equated with *he CNV
reported by Walter et al. (1964). Adam (1973) has proposad
t+hat changes in these patterns may reflect memory processes

in both man and animals.
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Begleiter and Platz (1969) employed a discriminative
conditioning paradigm in which CS+ (arrow pointing up) was
coupled with a click on cnly 50% of the trials, and the CS-
(arrow pointing down) was presented alone. A comparison of
t+he EPs *o the unreinforced CS+ *o those elicited by the CS-
showed the former to be approximately 25% larger in peak to
peak amplitude (negativity at 65-70 msec *to positivity at
210-220 msec) following the acquisition trials. There was
no difference between the twc during baseline conditions in
which neither was reinforced. 1In a subsequent report,
Begleiter and Platz (1971) employed the same paradign
modified *o include a generalization condition in which an
additional CS+ and CS- tilted 10 degrees off vertical wer=
used, neither of which were reinforced. They reportéd no
difference in EPs to the two CS+'s but both wera
substantially larger than the EPs to the twe CS~ arrows.
The results of both studies were interpreted as consistent
with John's (1967) hypothesis that the EP waveform is
composed of neuronal activity evoked by the stimuli and
neuronal activity representing the stored information
pertinent to that stimulus situation.

Tn order to assess EP correlates of affective verbal
stimuli, Begleiter et al. (1967) imparted affective content
+o a line drawing by repeatedly following its presentation

(upright or rotated 90 cr 180 degrees) with a spoken word of
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2ither positive, negative, cr neutral affect, The
subsequent EPs to each of the line drawings were
significantly different in amplitude, being largest for *h-=2
arrow associated with neutral words, and smallest for the
arrow paired with negative words. P=ak latencies changed in
the reverse order, being shcrtest for the negative arrow and
longest for the neutral one. As this conditioning was
carried out without the subject being explicitly informed of
the association Begleiter gt al. (1969) repeated the
exp=2riment with subjects either receiving no information
about th2 relationship between the arrow and the word, being
tnld that there was a relationship but no* its nature, or
+0ld the exact nature of *the relation. Results of this
study confirmed those obtained previously, but also showed
that when subjects were partially aware of the relation EP
amplitude was larger for the pcsitive and negative arrowvs
relative to the neutral stimulus. When the subjects weare
fully aware of the relation, no significant differences were
found betwsen the three stimuli. Thus, the level of subject
awareness about the CS-UCS relation must bhe known and
controlled. This may be one reason that no consistent
relation has yet been reported between the EP to S1 and
snsuing CNV amplitude in CNV experiments (Tecce 1972).

Bas2d on the work of Begleiter and his colleagues,

Lelord et al. (1973) paired auditory and visual stimuli in
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1 conditioning paradigm to differentiate hetween normal and
autistic children. For the normal children, they reported
small, variable occipital EPs to sound alone which
stabilized and increased in magnitude with conditioning.
The response remained small and variable in thz autistic
group who responded instead with a diffuse slow negative
potential.

The classic work in this area was done hy Walter ({1963,
1964a) which can be interpreted as a forerunner of his work
»n the CNV published in 1964. His basic experimental design
involved presentation of stimuli as follows: (a) clicks and
light flashes alone; (b) a click or a flash followed 1 sec
later by a repetitive stimulus in the opposite modality; (c)
same as 'b' with a motor response requir2d to the second
stimulus of the pair; (d) 'c' repeated with the motor
response tarminating the second stimulus; and (e)
presentation of first stimulus only. A complete experiment*
consisted of 25-30 sets of 12 stimuli, lasting 1-2 hours.

Walter discussed his results as reflections of the

following processes. Habituation was seen as a progressive

diminution in the late negative components of the
nonspecific response following 20-100 stimulus
presentations. Contingsnt Amplification was coined to refer

0 the restoration of an hatituated response to at least its

o+

nriginal magnitude in response tc the first stimuli of a
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nair. This response was further enhanced and stabilized
with the addition of an operant response. Contingent
amplituds of the response tc the 1CS. When the response to
*he UCS disappeared completely it could be restored by
withdrawing the CS and presenting UCS alon2 in a process

known as Unconditioned

estoration. In subsequent research
with long *time constant recording (Walter et al. 1964) it
was noted *that the disappearance of the ra2sponse to the UCS
was the result of its beccming buried within th= CNV.
Wwalter (1960) employed a ccaplex set of specific, neutral,
and conditional stimuli presented to the subject in a
juasi-random fashion. As subkjects learned the intricate
relationship be*ween certain stimuli and could press a key

to avoid a noxious sound, tte EPs to the signal becane

"clear cut." However, "wide variations™ in EP amplitude, and

morphology, were seen across subjects.

Requiring the subjects to count the occurrence of
certain stimuli has been a popular method of focusing
subject's attention to certaim stimuli (Naatanen 1975).

This procedure generally results ir stable EPs of relatively
high amplitude. However, it has been shown by Beck et al.
(1969) that conditioning sukjects to flex their finger *o
each stimulus by shocking the finger results in larger and

more stable EPs *+o thes stimulus,
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Perhaps the most intriquing aspect of the relation
betw=2en EPs and relevant or salient stimuli is the
appearance of a late positive component with a latency of
approximat=1ly 300 msec (P300), as initially described by
Sutton 2t al. (1967). Subsequent investiga*ions have
related P300 to resolution cf uncertainty, information
d=2livery, orienting, matching of perceptual expectancy, and
decision making, *o mention only a few (see Donchin et al.
1976 for a review). Courchesne et al. (1975) have recantly
shown th2 amplitude and latency of P300 to covary with the
task relevance of the stimulus, stimulus novelty, and
stimulus recognition, depending upcn whether it is recorded
fror the frontal, central, or parietal area.

A negative peak (N1) at around 100-150 msecs and a
subsequent positive one (P3) at 300-600 msecs seem to be the
components most subject to investigation cf conditioning
and learning. A recent review of these components (Tueting
1976) has described N1 as being a correlate of "attantion®
whil2 P3 is more reflective ¢f the cognitive processing of a

stimulus.

SUMMARY
The principle concern cf this sel=ective review has be:zn
to point out the EEG correlates of conditioning process in

humans. There has of necessity been selectivity in choosing
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studias for detailed review, in order to present adeguate
syidence upon which to construct an electroencephalographic
model of the changes accompanying conditionihq in man;
contrary data, however, have not been intentionally omittad.
Jsing *he classic alpha blocking paradigm as a base, the
following summary may be drawn:

{1) Alpha -- Initially, alpha blocking occurs to both
the CS {sound) and UCS (light), but habituates to th=e
former. Pairing of CS-UCS results in alpha blocking in th=
interval, which dissipates %with time. 1If a motor respons=2
is required the response will be facilita*ted and more
persistent. This is by definition an occipital response.

(2) Beta (low voltaqge fast activity) -- Tnitially
augmanted to both CS and UCS followed by habituation.
During CS-UCS pairings beta appears to replace alpha
activity; if alrha returns, this response subsides.
Initially the response is widespread but becomes focal to
auditory, visual, and motor cortex.

{3) Delta and Theta -- Presence of this activity is
dependent upon the length of CS-UCS interval. For short
intervals (< 1 sec) it is nct generally seen; for intervals
over 6 sec it may appear in the first half of the int=rval,
being replaced by beta ac*tivity in the last half. If
present, it is usually focal in the same areas as the beta
activity, or maximal over motor cortex if a manual

respons= is involved.

B
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(4) Slow Potential Changes -- SPCs are elicited by th:
firs+* few presentations of CS and UCS, but may habituate
rapidly. During CS-UCS pairings, SPCs develop as slow
n2gative shifts throughout the interstimulus interval. A
motor response will increase its amplitude and maintain it
over trials. It is generally maximal a* the vertex and
bilaterally symmetrical.

(5) Evoked Potentials -- EPs are initially large to
hoth CS and UCS, showing progressive habituation, heing
smallast to the CS when it no longer elicits alpha blocking.
The magnitude of this diminution is dep=2ndent upon the
intarstimulus interval (Ohman et al. 1972). Wh=2n CS and
"ICS are paired the EP to CS increases in size (N1-P2
component) and a P300 component may appear, Latency
changes, if present, will become shorter with CS-UCS
nairings.

Throughout the course of this reviaw, no studies wer=
found which sxamined all five of these po*entials within on=
paradigm. However, that they all have a common denominator
in terms of their elicitaticn in an S1-S2 conditioning
paradigm implies that one should be able to examine all of
+hem concomitantly. If this can be done one can ther talk
about the EEG in relation to conditioning in a meaningful
mannar., For example, Loveless and Sanford (1974, 1975) and

Weerts and Lang (1973) have contended that the CNV is not a

1§
1
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unitary process but a ccmpound responss compos21 of an early
and late response. This tiphasic response is bast s=2en with
a long interstimulus interval (3-4 secs). Thesa2 authors
propose that the initial negative shift which declines
rapidly over trials is a correlate of thes orienting reflex,
while the negative shift in the latter part of the interval
is a correlate of the subject's expectancy of the imperative
stimulus. These findings have been extended by Klorman
(1975) who showed that this biphasic waveform follows *the
cardiac deceleration curve in a reaction time paradigm, and
Klorman and Bentsen (1975) report that the early and late
components are topographically dissimilar. 1If this biphasic
waveform covaries with the synchronocus slow--low voltage
fast activity pattern reported in other conditioning studies
which did not examine SPCs then one will have to make a
choice as tc whether this reflects "inhibition" or
"orienting.” Perhaps that pcrtion of the S1-S2 interval is
related to both inhibition and orienting at different points
in the conditioning process, hut the analysis method
employed (signal averaging) is confounding the two. If th=2
latter is the case, then single trial analysis should

uncover the relation.
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CHAPTER 3

METHODS

The subjects were five right-handed and on2 left-handi=d
females racruited from the university community as paid
volunteers ($2.50/hour). The subjects ranged in age from 18
+o0 23 years. All subjects were naive with respact to the
hypothesis under investigation. An additional six subjects
weres run but discarded due t¢ excessive artifact in the EEG

recordings.

Racording Techpigquas

Beckman biopotential electrocdes ware affixad to the
scalp with collodion impregnated gauz2 patches over the
vert=2x (Cz), occipital midline (0z), l=ft and righ%t central
(C3, C4) and left and right temporal (T3, T4) areas (Jasper
1958) to record brain electrical activity (EEG).
Biopotential electrodes were also attached to =2ach mastoid
process and linked for the reference. Fye movements {(EOG)
were monitored from a biopotential electrode placed on the
infra-orbhital ridge of the right eye and referenced to the
link=d mastoids. All electrode sites were briskly abraded

with Redux prior to electrode application., Tmpedances of

scalp electrodes never exceeded 2.0 Xohms and the eye

l[h
1.
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electrod= was under 5.0 Kohms as measured with a Grass EZ¥-1
impedance meter.

An 8-channel Elema-Schcnander Mingograf EMT-12B and
¥ingograf 800 combinatiorn was used to record EEG and EOG
activity along with a stimulus marker., The recording
montage and amplifier settings for each channel are given in
Table I.

Output signals from the Mingograf were stored on a PI
6200 FM tape recorder for subsequent off-line analysis on a
Hewlett-Packard 2116B computer, Prior to =ach experimental
run a series of 50 micrcvelt calibration pulses (Grass SWC

1B) were also stored on the FM tape.

Stimuli

A dual Marcconi AF Oscillatcr was used to g2nerate the
two tones used as S1 (1000 Hz) and S- (800 Hz). Both tones
wero 125 msec in duration and delivered from speakers
located under the bed at 50 dB (General Radio Company Typs
1551-C sound-level meter) alkove ambient noise level of the
room. None of the subjects reported having any difficulty
distinguishing the tones.

The imperative stimulus S2 was the flashinjy of a Grass
PS-2 photic stimulator located 1.0 meters away in direct

line with the subject's gaze. The P5-2 was set at an

intensity of 16, and flashed at 13 per sec until the subjact

iF
i

£



TAELE I

Recording montage and amplifier sesttings

employed for all subjects.
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responded with a buttor press or fcr a maximum of 1.0 sacs.
An RAT 6200 counter was used *o measure the subjects
reaction time to the nearest msec. Stimulus presantation
and +*iming were controlled by a Grason Stadler systen.

A Tektrenix J16 digital photometer =2quipped with a
J6502 probe was used to measure radiant light levels of th=
subject preparation area and inside tha cubicle both with
and without the PS-2 flashing. These levels, initially
measured in micro watts per square centimeter, were
converted to foot candles (ft-c), as one ft-c is equal to L
1.733 micro watts per square centimeter. The rasultant ;

values were 24.262 ft-c for the subject preparation roon; ‘.

N
[

38.126 ft-c for the chamber without the PS-2 flashing; and .
48 |

180,232 ft-c for the chamber with the PS-2 flashing. ; =
Procedurz
During the experimental session the subject reclined on
a comfortable hospital bed inside an electrically shielded,
sound attenuating cubicle (Eell-Croft Industries). The
cubicle illumination was just sufficient to allow monitoring
of the subject via closed circuit television. A 5~10 minute
period following the subject's placement in the cubicle was
used for =lectrode balancing and subject relaxation.
Fach subject was presented with a continuous

experimental session modeled after a delayed conditioning
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paradigm. The total session is heuristically divided into
thres sessions: pseudoconditioning, acquisition, and
2xtinction. No "rest periods" or instructional
communications were given tc the subject once the session
commanced.,

Pseudoconditioning conesisted of the presentation of
aithar S1, S-, or S2 in a random order with the constraint
+hat S1 was never followed Lty S2 without at least one

intervening S- (Rescorla 1967). A total of 30

presentations (10 of each stimulus) were made with the
intertrial interval varying between 11 and 60 sacs.

During acquisition, S1 and S2 were temporally paired

:7'1"|

s |
such that 51 always preceded S2 by 4.0 secs. The imperative

Al
S‘Nu |

stimulus S2 was naver presented alons or in close temporal ol
ralatior to S-. The S1-S2 pair and S- were presented in
random ordar 70 times each for a total of 140 trials.
Again, the intertrial interval varied from 11 to 60 secs.
The final condition, extincticn, consisted of the
random prasentation of either S1 or S- alone 10 times =ach
for a total of 20 trials. 1In extinction, S2 was never
pres=nted.

Prior to data collection each subject was instructed as

follows:
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From time to time you will hear one of two
tones coming from a speaker under the bed, or
this light (point to PS-2) will come on and
flash very rapidly and intensely. When this
light comes on press *tha*t button (held in
‘preferred hand) as fast as you can and you
will shut the light off.

Any questions the subject had wers then answered and i 
further instructions were given relative to the necessity of ‘
holding eye and body movements to a2 minimum and the use of b
the intercon. ;

Following the experimental session, the subjects wer=
question2d with regard tc their analysis of the experiment
in an attempt to ascertain whether they had grasped the "

s,

issociation between S1 and S2.

e e iy i

The EEG and EOG data along with calibration and timing
pulses which had been stored on FM tapes were subsequently
played back through the Mingograf into the Hewlett-packard
for storage on digital magnetic tape. Data for each subiject
wer= played into the computer three times in order to obtain
+he best combination of filter settings on the ¥ingograf and
sampling rates on the computer for the waveform of interest.

For the first replay to obttain the slow pctential (SPC) data
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the Mingograf was set tc pass activity from DC-30 Hz and the
sampling epoch was 5.530 secs over 1024 points per channel.
The second pass to store the backgrocund EEG (BEEG) employed
a bandpass of 1.0 (T.C. = 0.15 s=2c) to 30 Hz on the
Mingograf and a 5.530 sec sampling epoch with 1024 points on
+he computer. The third pass ccllected the evoked potential
(EP) to the tone stimuli. For the EP data, the Mingograf
was 32t to pass DC-30 Hz activity and *he computer sampled
for 1.024 secs over 1024 points.

Due to programming limitations, aevery time interval
which contained a stimulus was stored on the digital tape.
However, only those trials which the on-line paper racord
showed to be free of eye movemants and other artifacts wer:

used for subsequent analysis.

For display purposes, the SPC data for each subject ware

averaged into distinct blocks within the pseudoconditioning,
acquisition, and ex*tincticn periods.. For the
pseudoconditioning and extinction conditions averages wers
constructad for each of the stimulus conditions presented.
The 140 acquisition trials were vincentized into 5 blocks of
28 trials and all the usable S1-S2 and S- trials within
2ach block were averaqed serarately. 3 total of 15 averags=s
were thus constructed ét each electrode for each subject.
All statistical analyses were, however, based on the

"ysable" single trials cbhtained from each subject rather

ik
i
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than the averages., Fach single trial was quantified thre=
different times according tc the type of EEG activity (SPC,

BEEG, or EP) of interest.

Data Quantification

| Slow potentials were quantified as the mean amplitude
in each of 10 segments beginning at S1 onset and ending at
tha* point at which the 1light (S2) either did or would hav=

sccurred, These mean amplitudes were taken relative %o a

"baseline" defined as the mean of the activity in th= 1.0
sec interval prior to tone cnset. These m=an amplitudes b

ware converted to microvolts by comparison to the 50

LN

Feiig :
microvol+* pulses which had Lkeen stored prior to each |
i!iz“ ]

2xperimental run., FPigure 1 depicts the intervals gquantifi=d "
At

for an averaged SPC obtained at Cz. Each single trial
waveform was digitally filtered with a brick wall low pass
filter (Michalewski 1976) at 8.0 Hz prior to amplitude
quantification. Measurements of SPC amplitude were not
performed for the data recorded from T3 and T4 as the short
+im= constant used {0.15 secs) filtered out any SPC
responses which may have beern present.

Baseline to peak amplitudes and latencies for a
negative peak occurring with a latency of 80-160 msec (N1)
and a positive peak with a latency of 300-600 msecs (P3) as

recorded at Cz were guantified for the EP data. Prior
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FIGURE 1

Sample averaged vertex response from
subject number 01 depicting the

segment analysis method. Negativity

at the active electronde is reflected
as an upward deflection in this and By

all subsequent figures.

hmw |
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to quantification each trial was filtered with the brick
wall filter at 5.5 Hz and the baseline was set as the m=an
of *+he activity in the 200 msec pre~tone interval. Similar
measuremants were attempted for the other 2lectrode sites;
howaver, the EPs at these sites werz *o00 obscure even after
filtering to be reliably quantified., 1In fact, P300 was no*
clearly distinguishable in every trial for each subject and
was omittad from the statistical analysis.

Analysis of the BEEG data for =ach channel was done by
calculating a series of Fourier transforms (FT) at
successive time points along the waveform as shown in Figure
2. The FT subroutines were taken from the IMSL package
(Not=2 1) and assembled into a unit by Dr. R.F. Koopman.
mach FT was calculated for 184 data points over a 993.6 ms=ac
+ime period, resulting in spec*ral components covering 1.006
to 92.593 Hz in 1.006 Hz increments, The power (sum of sine
and cosine squared values) for each component within four
separate frequency bands, 1.006-4.026, 5.032-7.045,
8.052-12.077 and 13.084-30.193 Hz were summated for each of
+he FTs calculated. This pcwer present in each band was
than expressed as a percentage of th2 total power (sum of
sine and cosins squared values of all components) in the
1.006-30.193 Hz band (Matousek 1967). These percent powar

figures thus form a linear combination with a sum of 100%.

fide
11 )
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FIGURE 2

Intervals over which Fourier Transtorms
vere calculated, and the percent power

obtained in the frequency bands of each
transform for *that waveform. Bands are
consecutively numbered from 1 to 16 and ;

are subsequently referred *to by those » -
numbers in the discriminant analyses.

The notations 1-4, 5-7, 8-12 and 13-30

rafer to the approximate frequency limits "

R

of each band.
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As a result, an increase in percent power in any one
frequency band must be aécompanied by a decrease in anoth=r,
aor vice versa. There is no reason to expect that this
s3hould be a cne-to~one relationship of any two frequency
hands, where, for example, a decrease in 8-12 Hz always
results in an increment in 1-4 Hz activity. The lower
portion of Figure 2 depicts these data as obtained for that:
single trial.

A series of 50 microvclt sine waves varying in
frequency from 1-105 Hz were stored on-line on digital tape
to check the PT routine. The FTs calculated on these data
show2d no evidence of aliasing and the appropriate spectral
components were identified in each. 1In addition, activity
in thes 31.200-92.593 Hz band was expressed as a percentage
of the total power from 1.006-92.593 Hz. Thét this value was
routinely less than 1.0% is further insurance against
possibility of high frequency activity being present which

would fold over into the lower frequency bands.

Data Analysis

Donchin (1966, 1969 a,kt) and Donchin and Herning (1975)
have demonstrated the efficacy of stepwise discriminant
analysis (SWDA) in identifying those evoked potential

components which the experimental variables have affected.
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As +he principle gquestion being asked hers is not only "ar=2
+hes= waveforms (SPC or BEEG) different” but "at what
point(s) in time is this difference maximal" the SWDA (Not=2
2) procedure was chosen as the principle statistic for this
+hesis. Wilks' lambda was employed as *he measure of groun
discrimination. With this criterion the variable which
maximizes the F ratio, thereby minimizing the value of
lambda, is the variable either entered into or removed froa
the discriminant function. Additional analyses were
conducted with related t-tests (Note 2) to determine if th=
BEEG changed significantly within a single trial. Canorical
corr2lations (Note 2) were emplcyed in an attempt to predict
SPC amplitude from the BEEG. All analyses were performed
individually for sach subject at each recording site usinqg
trials as replications, Thus, heuristicallylspeaking, the X
for any analysis could vary from 8-14 depending on how many

artifact free trials were available for that condition.
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CHAPTER 4

RESULTS

3=2havioral Data

Figure 3 is an overlay of th=2 re=saction timas obtain=d
for t+he six subjects on every trial. Trials 1-10 were light
alone presentations during rsuedoconditioning while 11-80
were S1-S2 pairs in acquisition. Although ther= is
considerable variability becth between trials and be*ween
subj=acts, a gensral trend towards faster reaction times can
be seen. This decrement reaches a plateau around trial 20
remaining relatively staltle thereafter.

All subjects but numker 3 were able to spontaneously
verbalize scme relation between the appropriate tone and t*th=
light at the post-experiment interview, Subject number 3,
how=ver, confessed that she had spent the entire experiment
worrying about “"termite prctlems in houses in Africa." This
subject, along with subiject 2, is responsible feor most of
th2 absrrant points seen in the reaction time data. In
spitz of har occasional aberrant performance, subject 2 was
one nof the two subjects displaying the fastest overall

reaction time.

Slow Potential Changes

Figures 4-9 show the averaged SPC waveforms obtained

for each subdect in the pseudoconditioning, acquisition and



FIGURE 3

Reaction time for all subjects on every trial.
Trials 1-10 were light alcne (S2) presentations
in Pseudoconditioning., Trials 11-80 were S1-S2

pairings in Acquisi+*icn.
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extinctionn conditicons. Presenta*ion of either S1 or S-
during pseudoconditioning elicits ar evoked potential in the
cen*tral areas (Cz, C3, C4) fcllowed by a prclonged n=2gative
deflaction (SPC) which gradually returns *o baseline.
Occipital potentials to *the same stimuli, however, consist
of a prominent positive deflecticn followed by occasional
marked negativity prior tc returning to baseline. During
acquisition, the responses elicited by tone-light pairs at
Cz, C3 and C4 appear to *ake on a biphasic morphology being
maximal just post-S?1 and pre-S2, with a low point in the
middle section. Visually, these changes appear to
correspond respectively to segments 2-3, 8-10 and 4-7 as
depicted in Figure 1. ©FRespcenses to S- generally do not have
+he late rising negativity seen on *the paired trials.
Rathar, they seem to show a precgressive decline in amplitude

following the initial peak around segments 2-3, Early

W

components (segment 1-3) of the occipital {(0z) responses ar
similar in both conditicns showing a large positive
component, which is followed by a later slow negative rise
in the $1-52 trials only. PDuring extinction, the late
negative rise following S1 subsides and the two waveforms
again become essentially similar although there is evidenc=
of a more sustained post~EP negativity than was seen 1in
acquisition. The excepticn to these general trends is, of

course, subject 3 who shows essentially no SPC changes over
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FIGURE 4

Averaged SPC waveforms for subject numbher 01.
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FIGURE 5

Averaged SPC waveforms for subject pumher 02.
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FIGURE 6

Averaged SPC wavefecrms for subject number 03.

67



68

'08G |

arf o5 |
wl os |
o o]
o o]
o o]
o ]

w05

iy 5
4}((’%\\?
W,)\(Ju/.\l.f&lr
A e
vt
»,
e i
Vet AL
4
&.‘t__r.\\fhe_..;}
i
«-.L(.g..(?_t%r;
~
.)_\)/JJ!/L.

INOlL

NOILONILX3

S S S S S
'3 g% s s W 's i g
b
st Worsmintiets e e
ety oot ROR i oo
R s e e T e I e
e it el s e e
e T e e e e
Mot msslper Ny Pl g
T S S WU S WS N
T R N R T
LY Jrﬂ\pbfi | UZUR RO SR, PRV
s?..,.,}sa_,ﬂ? Al A M P RPN VO
f.f{z}c% ,_3}%; \ ﬂ?{i,,? fai% E&ﬁ}
VYN s VT s
Tﬁl;s.,.,\, L, _f\(f.,,,.,sx Dprm, o g

S 4 € ¢ !

NOILISINDOVY
SNOILIANOD
il - e A st it Bt M e s i i St

-S
‘s 's
_ INWnS
Svtaprvmdstrrinfirces
"1
Swmvatymragapipapiesdiingad e S VY
s 2t & R
£l
L Oty
'D
| G aao Hﬂ.ﬂaﬂﬂ&d{
£
4
0
r\aﬂéﬁ!\ ql.)?\l&)\
uﬂé.ﬂcﬂx.?
[2e)
L
| i cataca st Fj‘
NI
3A3
. 1HON 3INOL
ONINOILIANODOQ3INSd

S3Aa0d1L0313



69

FIGURE 7

Averaged SpC waveforms for subject number O04.
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FIGURE 8

Avaraged SPC waveforms for subkject number 05.
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Averaged SPC

FIGURE 9

waveforms for subject number 06.
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acquisition. The flat appearance of T3 arnd T4 in all
condlitions attests to the filtering characteristics of th=2
short time constant (0.15 sec) employed for these channels.
Mean SPC amplitudes for the 10 segments at each
zlectrode obtained with the SWDA analysis of =each subij=ect's
single trial data are tabled in Appendix A. The grand mean
of *+hese amplitudes obtained across subjects are plotted in
Figures 10-14, 1Initially, data for the S1-52 and S- trials b
were analyzed separately as drawn in Figures 10-14 +o
det=rmina if there were any changes in SPC morphology over
acquisition. Table IT shcws the number of times each i,
segma2nt was entered intc *the SWDA for the S1-52
comparisons. The consistent entry of segments 1-3 and 7-10 \
into the SWDA at the central electrcdas supports the
vicsually apparent changes in SPC morphology seen in the
averaged SPC waveforms. Fxamination of Figures 10-14
reveals these changes tc be of an initial increase and
subsequent decline in negativity of segments 1-3 while a
general increase in negativity cccurred in segaments 7-10
for Cz, C3 and C4. oOccipital (0z) recordings on the other
hand show a marked positive deflection in segments 1-3 with
an abrupt rise in negativity in segments 9-10. This early
positivity inlOz shows an irregular qrowth in amplitude up
to block 4 of acquisition with a decline in block 5. Mean

anplitudes for the later segments (9-10) attain a negativas
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FIGURE 10

Grand mean SPC amplitude obtained over
all subjects for each condition at the

eye electrode.
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FIGURE 11

Grand mean SPC amglitude obtained over

all subjects for each condition at Cz.
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FIGURE 12

Grand mean SPC amplitude obtained over

all subjects for each condition at Dz.
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FIGURE 13

Grand mean SPC amrlitude obtained over

all subjects for each condition at C3.
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FIGURE 14

Grand mean SPC amplitude ob*tain=d over

all subjects for each condition at Cu.
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polarity by the second blcck of acquisition whicﬁ continues
to increase in magnitude. Similar analysis for the S-
trials are also summarized in Table II. Examination of
this table and Fiqgures 10-14 show the2 changes in SPC
amplitude tc be similar in all components at Cz, C3 and C4,
taking the form of a generally decreasing negativity. The
initial positivity is again seen at 0z al*hough smallar in
amplitude and exhibiting less change over time +than in the
51-S2 trials., The remainder of *the waveform at 0z
fluctuates near the arbhitrary baseline with a small late
(segment 9-10) rise in negativity occurring only on the
last acquisition block.

Subsesquently, pairs of SPCe elici*ed by S1 and S5-
wer2 evaluated in pseudoconditioning, 5 blocks of
acqunisition, and during extinction., Those segments which
contribu*ted to the SWDA analyses are sumnmarizad in Table
TIT with the results for individual subjects tabled in
Appendix B. No consistant significant differences ware
seen in SPC morphology during pseudoconditioning trials at
any electrode., This is further supported by th=
essentially overlapping curves in Fiqures 10-14. How2ver,
over the course of acquisition the twc waveforms werse
frequently dissimilar. The temporal location and degree of
these differences varied for each electrode site2 as

acquisition progressed. JInitial differ=nces between the
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TAEBLE I7Y

Total number cf times each SPC segmant
was ontered into the SWDA analysis of
$1-52 comparisons and S- comparisons

over acquisiticn,
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TAELE III

Total number cf times each SPC segment
was entered intc the SWDA analysis
comparing S1 and S- trials in each

condition.
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two waveforms recorded at Cz, C3 and C4 are in segmants
1-4, which exhibit substantially larger negativity for the
$S1-S2 trials. The contribution of the latter segments 7-10
to this difference appears to be concentrated at block 3 of
acquisition. TFurthermecre, these compcnents do not play as
prominant a role as the early components in the
discriminant function. Reccrdings from the occiput,
howaver, appear to be maximally differentiated by the later
segments (3-10) throughcut conditioning frcom block 2 on.
The =2arly positivity does discriminate betweén the two
waveforms to some extent but not as strongly as the later
components, The significant differences seen in the two
wavefcrms during extincticn have =2sseantially the same
scattered patterns as seen in pseudoconditioning for each
2lectrode,

In summary, significant changes in SPC amplitude wers=
seen over the course of the experiment for all subjects.
That these significant changes were reflected at differant
points along the SPC waveforms supports the nction of a
biphasic morphology similar to that previously described in

+he CNV literature by Weerts and Lang (1973).

As the quantification of single trial EP waveforms is

inherently ambiguous, few trials were available for
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statis*ical analysis within any one condition for any
subject. This was particularly true of the late positive
component (P3) and no statistical analysis of that data was
attempted.

Fortunately, the N1 ccrponent of the EP with a latency
of 80-160 msecs as recorded at Cz was more robust and a
sufficient number of these components were available for
tabulation., Tables IV and V give +the means (M) and standard
deviations (s.d.) of the latencies and amplitudes for N1 in
ecach condition for every subject. It is apparent from these
Tables that with exception cf Subject 1 there w2re no
syst=2matic changes in latency of N1 within a given
condition. Amplitude, on the other hand, doss show an
almost continuous reduction over conditions but no
sys+t2matic differences between S1 and S-. However, in view
of the small differences in means, and large standard
deviations of beoth latency and amplitude data, no further
statistical aralyses were done., That some of these neans
are based on as few as 3 trials further mitigates against

any subsequent statistical analysis.

Tabled in Appendix C is the mean percent power in
sach fregquency band of the four epochs shown in Figure 2

separated by conditions and subjects. A separat= SWDA
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TAELE IV

vMean (M) and standard deviation (s.d.)
of the N1 latencies for each subject,

me2asured at Cz.
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$01

$02

$03

#04

$05

#06

S1

PSEUDO

133.6
12.2

125.3
17.3

136.0

138. 4
3.6

LATENCY
ACQUISITION
1 3 4
149.2 149.1 145.1 147.3
5.7 15.0 13.2
143.6 132.5 151.6
7.5 19.7 12.9
135.6 139.2 134.0
6.7 4.6 6.4
137.7 137.2 1317.5
5.0 6.8 6.3
128.0 119.5 112.8
22.6 5.0 16.3
132.4 132.0 131.0
21.4 26.4 20.3
135.6 145.0 141.3
8.9 14.4 15.3
138.5 140.7 134.4
12.6 6.9 14.3
142.2 130.9 128.3
9.4 23.1 19.0
148.6 138.9 127.5
7.2 19.1 30.0
147.1 142.6 145.0
4.1 g.4 9.0
153.7 148.1 147.3
13.2 7.5 9.3

141.6
19.2

152.4
17.6

135.5
6.9

136.7
8.8
134.7
18.5

112.7
10.6
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8.0

145.7
8.3

137.7
25.5



95

TABLE V

Mean (M) and stanéard deviation (s.d.)
of the N1 amplitudes for each subject,

measured at Cz. it
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#01

$02

#03

#04

#05

406

51

M
S.de

s.d.

PSEUDO

-41.6
10.7

—“5.6
8.7
-42.1
5.7
-51.9
13.6
-20.8
8.6
-20.7
14.1
'16.9
12.2
-21.1
14.0
—2609
12.5

-19.5
10.3

-33.3
10.3

-26.8
10.2

AMPLITUDE
ACQUISITICN
1 2 3 4 5
-29.4 -18.2 -14.9 -17.7 -10.5
13.0 5.2 8.7 10.3 7.2
-27.7 -22.9 -13.6 -23.5 -11.6
13.1 5.6 6.l 9.5 6.2
-32.2 —39.9 -37.2 -3001 ‘31.6
8.8 8.7 10.7 7.9 9.8
~33.6 =36.3 =33.3 -27.3 -26.0
12.9 10.8 15.1 7.4 10.3
- 51 -12.6 -11.5 -18.7 -12.8
2.8 6.9 5.4 10.9 13.9
- 8.1 -13.6 -13.7 -16.3 —-18.8
6.9 7.8 8.0 9.4 2.6
—19.5 "22.2 -21.8 —17.2 -2002
8.8 7.2 7.6 6.0 7.3
-19.6 -20.1 =17.0 -18.5 =16.1
8.0 8.7 10.3 11.6 6.6
-18-8 -1u-5 -1005 - 9.5 - 6.8
6.l 7.“ 8.1 7.9 4.6
-17.7 -13.9 -1005 -1301 - 9.7
4.7 5.9 5.3 3.8 4.1
-26.,7 =-18.7 -20.4 =-23.4 -17.7
9.5 10.9 7.1 11.2 7.2
‘3100 —25.1 —29.8 -22.9 -20.7
10.1 8.2 5.7 9. 5.6

96

EXT.
-16. 4
10.6

-15.3
8.8

-10.6
u.z

-16.6
8.“

-16.3
10.1

Wy

fiimﬂ']
b,




SRR

B A

97

analysis was conducted for the data from the BASE interval
and the post-tonea epochs at+ each electrode for =ach
subjact. An across subijects summary of this analysis is
seen in Table VI and Figures 15-18. Examinétion of Tabl=
VI shows significant changes in percent power occurring at
all 2lectrodes as the experiment progressaed with the
prominent changes occurring in the 8-12 and 13-30 Hz bands.
pafaerence to Figures 15-18 shows these changes *o be a
general increment in activity in bcth the 8-12 and 13-30 Hz
bands while activity in the other two bands, 1-4, 5-7 HzZ,
remains relatively stable.

A similar analysis conducted for the frequancy bands
in the post-S1 epochs (ses Appendix D) ravealed markedly
difforen* results as seen inp Table VII which summarizes
these comparisons across acquisition for all subjects.
percent power changes were seen in all four frequency bands
in the central (Cz, C3, C4) and occipital (0z) electrodes.
Backqground EEG activity did no*, however, change as
dramatically in the *temporal (T3,.Tu) alectrodes.

Analysis of the percent power da*a in the five blocks
of acduisition compared the S1-S2 and S- trials as seen in
Appendix D. These compariscns are summarized across
subjects in Table VIII. Consistently, it is da*a from the
latar portion of the trial (variables 13-16) which

discriminate maximally between the conditions at all

Eﬂii

L
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TAELE VI

Totali number of *times each frequency band
of the base epcch was entered into the SWDA

analysis of each ccndition.
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FTGURF 15

Grand mean percent power changes in
the baseline epoch at each electrode

in the 1-4 Hz frequency band.
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FIGURE 16

Grand mean percent power changes in
the baseline epoch a* each electrode

in the 5-7 Hz frequency band.
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FIGURE 17

Grand mean percent power changes 1in
the baseline epoch at =ach electrode

in the 8-12 Hz frequency band.
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] FIGURE 18
Grand mean percent power changes in
; the baseline epoch at each =2lectrode
y ny
in the 13-30 Hz frequency band. il
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TABIE VIT

Total number of times each frequency band
of the post-tone epcchs were entered into
the SWDA analysis of 51-52 comparisons and
S- comparisons cver acquisition., The
numerical column headings within each
frequency band correspond to the variable

numbers indicated in Figure 2.



S1-S2
S-

S1-S2
S—-

S$1-52
S-

S1-52

1-4 Hz
5 9 i3
1 1 1
2 1
2 2 2
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2
1 1 1
2 1 1
1 2
1 2
3 2 3
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NN

NN
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2lectrodes, Comparison of these vériable numbers to ths
percant power tables for individual subjects and the grand
means shown in Figures 19-22, shows the changes to b=
maximal in the 1-4 and 8-12 Hz frequency bands. Changes
are also present but to a lesser extent in the 5-7 and
13-30 Hz bands. The degqree of these changes also
fluctuates with the electrode sites and position within th=
acguisition series. At the ccciput, 1—usz activity is
maximal following S1 whersas the 8-12 Hz activity is
maximal following the S-. The central electrodes (Cz, C3,
C4), on the other hand, show more 1-4 Hz activity following
S- in later acquisition (blccks 3-4) which reverses at
hlock 5. The 8-12 Hz activity at these electrodes shows
only minor changes until blecck 5, where S- trials exhibit
more 8-12 Hz activity than do S1-S2 trials. 1In fact, on
$S1-S2 trials, 8-12 Hz activity decreases cver the first
apoch, whereas on S- trials it shows a progressive
increase, Recordings frem the temporal electrodes, on ths
other hand, do not appear tc show any consistent changes in
any frequency bands. During extinction, 1-4 Hz activity is
largest following S1 in all electrodes, while activity in

+he 8-12 Hz bands shows inccnsistent changes, being larger

e
at S1-in Cz, Oz and at S- in C3, Ch. Again, T3 and T4 do

not appear to show any consistent changes.
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TABIE VIITI

Total number of times each frequency band
of each post-tone epoch was entered into
+he SWDA comparison of S1 and S~ *rials in
cach condition. The numerical column
headings within each frequency band
correspond to the variable numbers

indicated in Fiqgure 2.
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FIGURE 19

Grand mean percent power changes in the
post-tone epochs at each electrode in

the 1-4 Hz frequency band.
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FIGURE 20

R L s 3

Grand mean percent power changes in the

post-tone epochs at each electrode in

I e kit

: the 5-7 Hz frequency band. @
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FIGURE 21

Grand mean percent power changes in the
post-tone epochs at each electrode in

the 8-12 Hz frequency band.
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FIGURE 22

Grand mean percent power changes in th=2
post-tone epochs at each electrode in

*he 13-30 Hz frequency band.
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Repesated measures t-tests were used to evaluate
post-tone changes in the four frequency bands relative
to the BASE interval for =sach electrode site., The tables in
Appendix E give the mean difference scores in those
int=rvals for which a significant (p < .05, 2-tail) %t valu=
was obtained. Subiject 1 contributed the majority of the
signficant mean differences at every electrode. This
subiect demonstrates essentially a classic pattern, with
decreased power in the 8-12 Hz band and an increment in 1-4
Hz following S1 which subsides over blocks of trials, only
to r=2turn during extinction. These results are clearly
summarized in Fiqure 4 which shows her averaged SPC data.
The initial blocking and sutsequent return of occipital (02)
alpha ar= quite marked for this subiject.

Possible relationships betwean BEEG and SPC wer=
axamined with a canonical ccrrelation (CC) routine., Thes=
analyses wa2re again conducted at each electrode for =ach
subject., In order to bclster the ¥ for this procedures, data
were collapsed across trials such that one CC was calculated
for pseudoconditioning, two for acquisition (S1-52 and S-
trials separately) and one for extinction. A fourth CC was
obtained by collapsing across all trials of the experiment.
For each of the CCs calculated, three separate relations

mined: ercent power with SPC amplitude;
wera;éfaulned (1) BASE per pow h C p



(2) post-stimulus percent pcwer and SPC amplitude; and (3)
BASE percent power with post-stimulus percent power. Of the
360 separate CCs calculated, only 21 obtained statistical
significance at p < .05. Tkese 21 significant CCs were
scat+tered randomly across tte comparisons and across
subjects and as such are not indicative of any meaningful
relations.

In summary, the SPC data definitely suppor*t ths
subjects' post experimental statements concerning the
formation of an "associatior®™ about the correct tone and the
light. Changes in the BEEG data seem to follow the sanme
temporal course as the SPC, that is, the maximal changes
occur just prior to S2. In spite of this similar temporal
pat+tern, no predictive relationship between the SPC and BREEG

data could be established.

L1
3
fing




123

CHAPTER 5

DISCUSSION

The principle concern cf this thesis was to examine
changes in event-related potentials (SPC and EP), the
ongoing EES (BEEG), and their covariation within a
conditioning paradigm in human subjects. Based on materials
reviavwed in the introduction, it was expected that a ' w
biphasic SPC would develop during acquisiticn. Furthermors=, o

the BEEG was expected to shcw increased slow activity in the

early portions of the interstimulus interval, changing to a
low voltage fast pattern as S2 approached. Tt was further “
anticipated that this enhanced slow activity would be "
maximal following presentation of S-. Chapter 4 shows that
the data supported certain cof these simplistic assumptions
*+o a greater extent than otters. The most prominent support
is found for expectations of a biphasic SPC with
acquisition.

The stepwise discriminant analyses confirmed the
signficance of the changes in SPC morphology which are
apparent in Figures 4-9. Wkat initially appears to be a
protracted negative component of the EP to S1 as recorded at
Cz, C3 and C4 takes the fcrm of a sustained slow potential

shif+ with a biphasic\form. That the "acquisition” of this

D
sustained SPC is relatively complete by the second and
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affirmed by the third block of trials (28-52, S1-S2
pairings) appears to coincide with the final stabilization
of r=2action times as seen in Fiqure 3. This acquisition
pattarn is consistent with the growth rate of the contingent
na2gative variation (CNV) rpreviously shown by Walter et al.
(1964) and Low et al. (1965, 1966 a, b). It is, howavar,
slower than the 10-20 trials Cohen's (1969) subijects
reportedly needed to achieve maximum CNV amplitude. When ¥

subjects are informed verbally of the relation between S1

and 52, a definite CNV may le recorded as early as the first B
trial, and definitely by the sixth {Cohen 1969). o
Recordings at the ccciput, however, show an initial
positivity with a subsegquent late negative component being
acquired in the final blcck of acquisition. Responses with i
a similar early positive-late negative morphology have been
reported by Rohrbaugh et al. (1976) to occur in the
paristal (Pz) area. Their subjects were instructed as to
the relationship between 51 (tone) and S2 (lighted figure).
The comparability cf the present data with the studies
discussed above and that of Hillyard and Galambos {1967)
which employed substantially shorter i.s.i.'s (1.0-1.5 sec.)
would seem *to argue against 4.0 sec intervals baing too long
for the conditioning c¢f most overt behavior (Kling 1971;

Grossman 1967)1\> In additicn, McAdam et al. (1965) have
' N
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discussed the possibility that when "diffuse pr=paratory
responses" are being conditicned, the optimal interval for
conditioning may be longer than the 200-500 msec reportad
for skeletal muscle responses. The apparent plateauing of
the reaction time data after *+he 20-25th *trial would seem *o
support this conclusiorn. A long i.s.i. is, however,
naecessary for the demonstration of the compcund nature of
the CNV (Loveless and Sanford 1973} and for that reason a
4.0 sec interval was employed fcr the present study.
Al+hough McAdam et al. (1969) investigated the
temporal growth of the CNV c¢cver various S1-S52 intervals and
described an essentially bigphasic CNV occurring with a 4800
msec i,sS.1i.,, Loveless and Sanfcrd (1973) and We=rts and Lang
{1973 ) were the first to describe the response in detail.
The latter authors described the response as "biphasic,"”
displaying an initial abrupt increase in vertex negativity
npon presentation of the warning stimulus followed by a
return toward baseline, reaching a minimum at approximately
sec 4., A second slow increase in negativity peaked at the
nanset of the imperative stimulus. Weerts and Lang related
this early negative phase tc "signal stimulus orientation"
and the later negativity appearing just prior to the
imperative stimulus to the "true CNV." Subsequently,
Lovelessmapd Sanford (1974) referred to the two components

~
of the waveform as the "0 wave" which peaks with a

P,
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relatively short and constant latency (1.0 sec) after Ss1,
and an "E wave", the latency of which is related to the
anticipated occurrence of the S2. Loveless and Sanford
(1974 ), Loveless (1975) ard Klorman and Bents=2n (1975)
have since shown thess waveforms to vary independently with
duration and intensity cf warning stimuli, and instructional
set, In addition to being differentially responsive to the
abova2, the amplitudes of the components change differently

over trials within an experiment. Specifically, "O wave"

amplitude decreases over trials (Weerts & Lang 1973) while 4
that of the "E wave" increases (Klorman 1975). Converée | i
results have been reported by Rohrbaugh et al. (1976). Th= #
presaent data are *o an extent in agreement with those of
Kiorman (1975). They further extend his findings, however, :
by showing the amplitude changes in both the early and lat=

components of the SPC to be differentially dependent on th=

number of trials. 1In the present exveriment, both

components show a progressive rise in amplitude over the

first half of acquisiticn with a subsequent decline. The

early component, however, begins to decline in amplitude

sooner. Kakigi et al. (1975) have also shown CNVs elicited

over a 1000 msec i.s.i. tc differentially decrease in

amplitude at différent pcints on the waveform over trials.

/hg§, the present data support the notion of a

)
nor-unitary CNV (Borda 1970, Cant & Bickford 1967, Donchin

2t al. 1971, Jarvilehto & Fruhstorfer 1970), th2 early



components of which are related to "orientihg" while the

lat2r components are related to preparation for the motor

response to, or expectation cf, S2. Rohrbaugh et al.

(1976) postulated that this late negative rise prior to S2

is primarily a readiness potential analognus to that

originally reported by Xornhuber and Deecke (1965) and

Deecke et al. (1969). The rrcminent appearance of this

late ccomponent in the occiput (02z) and the minimal size 0

.

(< 20% of vertex amplitude) of the n=agative component of w

the readiness potential in this area (Vaughan et al. 1968) )

seems to arque strongly against such a position. |
The rapid rise time (700-1000 msec) of this early ‘

component to peak amplitude is *emporally similar to the ’

optimal i.s.i.'s (250-500 msec) for classical aversive

conditioning of finger withdrawal in man (Wolfle 1930). It

appears than, that some type of "cer=abral" orienting

response may be occurring during short CS-UCS intervals

which may in fact account for the rapid conditioning seen

Wwith these intervals. 1In a similar vein, Russian

investigators have long argued that the orienting response

plays an inportant part in conditioning, especially in the

early stages. It seems possible that part of the effect of

the orienting response is a wide spread shift in the brain's

vity which contributes to rapid conditioning

e

tonic act

P ™
N

(Martin & Levey 1969).
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It is interesting to sgeculate at this point as to what
relation, if any, this pcst-stimulus negativity may have to
t*he post-imperative negative variation (PINV) reported by
Timsit-Berthier et al. (19732 a,b, 1976). Sokolov (1963) has
identified a conditioned orienting r=sponss that is
2laborated when a weak stimulus is reinforced by a strong
one. In fact, the respcnse may be more persistent than to
the strong stimulus alone, Timsit-Berthier et al.
routinely employ a single click {intensity unknown) as S1,
followed by a repetitively flashing strobe lamp (intensity
unknown) as S2, a situaticn which on the surface at least

seems analogous to that described by Sokolov to result in a

J
D
2l

sistent orienting respcnse, Hypcthetically then, the
PINY may be an electrocerebral reflection of a prolonged
orienting response to S2. If the PINV can be influenced by
manipulations in $2 intensity and duration in a manner
similar to that shown for the "0 wave" (Loveless 1975), th=
hypothesis would seem to be supported. An abbreviated
attempt to demonstrate such a relation by using a near
+hreshold auditory S2 resulted in "little difference in th=
PINV" (Dubrovsky and Abraham 1976). One further guestion
arises from the conflicting data as to whether or not thz
orienting response is enhanced in schizophrenics as compar=d
to/ggrmals {(Stern & Janes 1¢€73). Nevertheless, as
GuleEkson (1973) pointed out, the hypothesis seems worthy

~f further investigation,
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The absence of significant changes in the N1 componen+t
nf the EP is surprising if cne accepts the current
hypo*+hesis concerning the psychological correlates of the
various EP components (see Tueting 1976 for a review). Of
the 15 odd components identifiable in auditory EPs, N1 and
P3 are the earliest which may be reliably affected by
changes in a subject'!s attertive state (Picton and Hillyard
1974), The key words are "attentive state® as N1 is
curr=ptly taken as a correlate of "selective attention®
{Hillyard et al. 1973, Roth et al. 1976) whereas P3 is
cornsidered to reflect tke subject's cognitive evaluation of
the stimulus (Tueting 1976) . However, recent studies by
Schwent and Hillyard (1975), Schwent gt al. (1976 a, b) arnd
Roth 2t al. (1976) have shown these 2ffects to be task and
stimulus dependent. Specifically, these studies note that
a2nhancement of N1 amplitude is best seen, and possibly only
seen, in tasks which require the subject to pay a high
degree of attention *o stimuli coming at short intervals.
In the present study, the tcnes occurred very infrequently
{11-60 sec i.s.i.) compared to the 200-3040 and 750-3000

t al. (1976 a,b) and Roth

nsec i.s.,i.'s employed by Schwent
2t al. (1976) respectively. TIn addition, the level of
attention that these subjects had to maintain to detec* and

discriminate the stimuli was minimal compared to the

Y
g

difficult discrimination of stimuli differing by 25 Hz or

]



130

8 d3 required by Schwen*t et al. (1976 a) and Roth 2t al.
{1976) respectively. 1In view of these m=2thcdological
differences, the absence c¢f a significant enhancement in N1
is understandable.

Discrepancies between the present data and that of
Meszaros (1972) and Begleiter and Platz (1969, 1971) who
observed an enhanced EP with conditioning must be examined
in view of different methcds of measuring EP amplitude
amployed. Those authors relied on a peak-to-p=sak (negativs
at 65-70 msec to positivity at 210-220 msec for Beglesiter
and Platz 1969, 1971) amplitude measure. From such measuraes
it is impossible to ascertain which component actually
changed with conditioning ir their studies. Quite possibly
it was the latter positive component, as a positive peak of
abocut that latency has been related to stimulus evaluation
(Tueting 1976). In addi*tion, N1 and P2 have been shown *o

be differentially affected Lty attention (Hillyard et al.

1973). This compounding of changes in different peaks of *th=

EP by peak-to-peak amplitude measures is precisely why this
method of measurement has been argued against sc strongly
(Friedman 2t al. 1973, Roth et al. 1976).

Unfortunately, single trial analysis did not yield a
sufficient number of trials with reliable P3 components to
warrant statistical analysis. That P3, when present,

TN
fréqﬁgntly failed to recress the arbitary baseline might
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indicate that the SPC began as early as 200 msec after ton=
ons2t on some trials. Similar negative deviations in the
2arly components of the vertex response to warning stimuli
sugg=sted to Rebert and Knott (1970) tha*t the CNV may begin
1s early as 100 or 150 msec after a warning stimulus.

“al+er (196M4b, 1965a) suggested that the CNV begins
approximately 200 msec after the warning tone. That the
grand mean amplitudes ss=en in segment 1 were generally
n=gative except at 0z would support *this suggestion and rul=e
against the possibility of this being an artifact of the
short (200 msec) baseline used for the FP measurements.
Simple visual inspection cf the averages in Figures 4-9 do=s
not give any impressions of demonstrable changes in this
last positive component.

With the exception of subject 1, the changes in the
background EEG were not as cktvious as was hoped. Howevar,
+he data as reflected in Figures 19-22 do follow the general
pattern described in the literature. Of particular interast
is the inverse relationship ketween activity in the 1-4 ani
8~12 Hz frequency bands. That this complex response is
generally maximal in the first post-tone analysis epoch
suggests that it may be a reflection of the orienting
response., Sokolov (1963) discussed the ultimate
significance of the crienting reflex as a swinq towards

inctaised excitation, coincident with a progressive increase
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in FEG frequency (delta activity is replaced by alpha which
may be replaced by beta activity). The present data as se=n
in Figures 19-22 follow approximately the same temporal course,

Such an hypothesis would seem at odds with the previous
proposals that increment in 1-4 Bz activity is a sign of
intaernal inhibition (Gastaut et al. 1957, Morrell 1961).
Conceivably, both hypotheses could hold a+ different times
in the experiment. The increments in 1-4 Hz activity seen n
ir pseudoconditioning and blccks 1 and 2 of acquisitior are 4
essantially the same whether S1 or S- is presented. As
such, an interpretation of "orienting" would be appropriate.
Subsaquently, the pattern chkanges with 1-4 Hz activity bheing
maximal following S- in blocks 3, 4 and 5 and maximal
following S1 during extinction. This type of responsivity
has been previously described for the 1-4 Hz activity link=4d
with internal inhibition (Gressman 1967). Further support
for this dual hypothesis might be found in the amplitude
changes of the early component of *the SPC which has be=n
convincingly related to crienting. Specifically, the
initial increase and subsequent decline in amplitude of this
SPC component follows a similar time conurse.

TWo alternative hypotheses should, however, be
mentioned. The first would view this response as a
correlate of some increment in general arousal or vigilanc=a

1evg%\of the subject. Daniel (1967) first proposed such a
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hypothesis to account for tte higher incidence of theta
activity preceeding correct choices in a vigilance task.

The second hypothesis would consider the SPC and 1-4 Hz
activity as one and the same event., Rush 2t al. (1976)
recen*tly showed time locked 0.75 to 4.0 Hz activity to occur
for up to 3500 msecs after a shock to the median nerve. The
presence of 1-4 Hz activity following the tones,
par*icularly during psuedoccnditioning, would be consistent
with the findings of Rush gt al. (1976). wWalter (1973) has
sugygested that certain psychological processes might lead *o
+he coherence of intrinsic rhythms resulting in a CNV-1like
waveform or to increase its amplitude. He went on to show
how convincing CNVs could ke synthesizad from a collection
of sine-waves of appropriate phase. The power spectrum of
his generated waveform was ccmposed of activity at 1, 2, 4,
6 and 8 Hz. That the 1, 2 and 4 Hz components contributed
the most to his waveform, coupled with the present da*a and
+hat of Rush et al., would seem to support such an
hypothesis.

That the canonical correlations did not show any
consistent significant relations between the ongoing EEG and
SPC amplitudes is not surprising. Although no previous
studies have attempted to predict SPC amplitudes per se from
changes in freg?ency of BEEG, numerous attempts have been

made to r=2late BEEG to evoked potential amplitude. These

i = s
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Teports have generally not met with any particular success,
with some investigators finding a direct relation {(Dustman
and Beck 1965, Kooi and Bagchi 1964), others an inverse
relation (Fruhstorfer and Bergstrom 1969), and others no
relation of any kind (Chapman and Bragdon 1964) . In fact,
Salamy (1974) came to the conclusion that the size of the
averaged evoked response is independ=2nt of spontaneous EEG
fluctuatinns.,

Although nc predictive relations could be established,
the temporal continuity of the significant SPC and BEEG
changes is of prime interest. The present data show %wo
temporally independent prccesses occurring within the
interval between tﬁo stimuli abcut which a subject has
formed an association. The first component is characteriz=4
hy a large negative SpPC with a duration of approXimately 1
s2c which is accompanied by an increase in (1-4 hz) ac*ivity
in +h2 background EEG and blocking of 8-12 Hz activity.
These three events are labile, showing an initial increase
in magnitude with each stimulus but declining thereafter.
The second component occurs in close proximity to a stimulus
requiring an overt response. This component is composed of
a ramp-shaped negative SPC and the raturn of BEEG to near
prestimulus levels. 1In terms of behavioral processes, these
avents would seem to bgjélectrophysiological reflections of

"oriasnting” and "expectancy."
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In summary, this thesis has examined three differ=nt
aspects of the human electrcencephalogram—-background
rhythmical activity, slow potential changes, and evokzd
potentials--over the course of a conditioning paradigm. The
most consistent finding was the appearance of a biphasic
slow potential change (SPC) in the S1-52 interval, the two
components of which changed differentially over trials.
Analysis of the background rhythmical activity (BEEG), bas=2d
sn the four classic frequency bands, showed an inverse
ralationship between activity in *he 1-4 and 8-12 Hz bands,
with lit+tle change in activity at 5-7 and 13-30 Hz. Evok=d
potential data failed to shcw any consistent changes across
conditions. From these data it is concluded that
slectrographic correlates of nrienting and expectancy do
axist and do so at temporally different points in th2 course

nf a conditioned reaction time paradigm.

/)
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APPENDIX A

MEAN SPC AMPLITUDES FOR EACH SUBJECT

Mean SPC amplitude in the ten segments as shown in Figure 1.
Letters A through 0 represent the following conditions:

Stimulus Condition
A S- Pseudoconditioning
B S1 '
Acquisition
D S1-52 Block 1
R S1-52 Block 2
F 51-52 Block 3
G S1-S2 Block 4
H 51-52 Block 5
I S- Block 1
J S- Block 2
K S- ' Bleock 3
L S- Block 4
M S- Block 5
S~ Ex+tinction

o=
[#2]
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APPENDIX B

SPC SEGMENTS ENTERED (REMOVED) INTO SWDA RESULTING
IN A SIGNIFICANT (p .05) U-STATISTIC



ACQ

PSD

ACQ

EXT

ACy

PSD

ACQ

EXT

ACQ

PSD

ACQ

EXT

ACQ

P50

ACQ

EXT

ACQ

PSD

aco

1344

$1-52
S-

51-52
S-

-

1%l

SPC SEGRENTS S 401

=

=

-

(7]

SEGBENTS

I
ETE

)

cz

c3

Cu

i~

~

(04}

.

o

*)
.

[T
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SPC SEGRENTS 5 #02

e

SEGRENTS
12 3 &« 3 ¢ 1 3 2 W
5 EYY
ACQ S51-52 . . . . .
- S
PSD
ACQ 01 . . . . (0
02
03 . t*) . .
o4 - . . .
25 . . . .
EXT . . (* . -
Cz
12 2 ¥ 2 ¢ 1 3 3 2
ACQ S$1-52 . . (e » . .
5- . .
P30 .
ACQ 01
u2 . . - . . .
23 . o (% . .
LY . ] .
a5 .
EXT
[} 3
1 ¢ 3 & 3 & 1 & 3 20
AC) 51-S82 . . » . . .
S~ . . . . . .
« rip
ACQ 01 . . .
02 . . .
0y L] . ") . (]
[:1] .
05 . . . *}
EXT . . * . L] .
c3
1 2 2 & 3 & % 8 2 2
ACQ S1-52 . . . .
5- . - .
P3D C\\ .
ACQ 01 S
02 L] . - . . .
03 . . . . . .
1] . . .
05 . . . *) e
eXT
Ca
1 2 3 s« 3 & 1 8 2 2
ACQ 51-S2 . . . (%) ¢ o .
5- . . .
PsSD
ACQ 01 . L] {(¢) » L]
02 » .
03 .
[:1]
05

T ¢« s (9 .



IR AR

ACQ

PSD

ACQ

BXT

ACQ

PSD

ACQ

EXT

ACQ

ACQ

ACQ

PSD

AcQ

EIT

ACQ

ACQ

EXT

5$1-52
G-

S1-s52
5=

$1-s2
s-

[

(5}

fw

(4]

SPC SEGHENTS S 003

=

3

*)

7

SEGARNTS

P 8
EYE

c3

cs

1

I~

~

~

2

[P

-

"o

19

10
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SPC SEGHENTS S 004

SEGNENTS
1 2 3 ¢ 3 & 1 8 2 1
EYE
ACQ S1-S52
5~ . .
PSD
ACQ 01
02
01
04
0s
EXT . . - = . . . (9
Cz
1 2 3 &« 3 ¢ 1 &8 & N0
ACQ S1-52 . . .
S~ . . .
PSD
ACQ 0% . . .
02
03 . . * .
(1]
05 . . . . .
ext . . )
Oz
1l 2 3} s % & 1 &8 3 1
ACQ S1-52
S- - L] . . . .
PSD
ACQ 01 . ({9 . » . . - .
02 .
03 . . . .
o LY . LI}
(1] . ! » . -
AN
Exr -~
(]
1 2 3 & 3 ¢ 1 8 3 1
ACQ $1-52 . . . .
S- . . . e
Ps5D
ACQ 01 . . .
02 . . . . . .
0) . . .
(1]
05 . . .
XY
[}
1 2 1 &% 3 ¢ 2 8 3 1
ACQ S$1-52 L . L] . .
S- . . . .
?SD
AcQ 01
02 . . .
0)
on . . » . . . )
s . . . .

EXY . ¢ (o) » .
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SPC SEGNENTS S 005

SEGRENTS
1 2 3 ¢ 3 ¢ 1 8 2 21
EYE
ACQ S1-52
S- . . -« . . . .
PSD A . .
ACQ 01
02 . * .
03 .
o4
05 . . . .
ZXT
™ 1
1 4 3 &« 5 & 1 8 3 2
ACQ S1-52 . . . .
§-
PSD . .
ACQ 01 A L0 I | . .
02
[}
N os
09 . . (%)
EXT
oz
1 ¢ 2 &« 2 & 1 8 3 1
ACQ St1-52 . . . . .
S- . .
PSD . *) . P
ACQ 01 . . . . -
02
03
(1] IR
05 N~ . .
. EXT o (o) » . .
c)
1 4 3 & 3 ¢ 1 8 9 10
ACQ S1-52 . . . . .
5=
PSD . . . "
ACQ 01 L]
i 02
03
[ 13
05 . . . .
EXT
ca
1 2 3 ¢ 3 & 1 8 9 2
ACQ S$1-S2 . L] .
S~
PSD .
ACQ 01 . . .
02
03 . .
[1]
05 . .

EXT



e

ACQ

PSD

ACQ

EXT

EXT

PSD

ACQ

EXT

ACQ

PSD

ACQ

EXT

ACQ

[ 43 ]

acQ

EXT

51-52
5-

s1~57
5-

S1-52
S+

S1-52
5-

1 2
[ 50 B
(&}

« .
%

1 2

« .

.

. .

.
. .
.

3 2

. .

.
A
\ B

2

. .

.
t*)

.

1l 2

. e

. .

. .

.

.

SPC SEGHENTS §

3

=

T3

SEGMERTS

3

w

(5]

[]

€z

oz

c)

[EY]

L]

~

206

?

(84
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19
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APPENDIX C

MEKN PERCENT POWER CBTAINED FCOR FACH SYBJECT

[ “\
/

Mean pacent power obtained for each subiject in each
fraquency band of the fcur epochs depicted in Figur=s 2.

Letters A through 0 represent +he following conditions:

Stimulus Condition
A S~ Pseudoconditioning
r B S1
Acquisition
D S$1-52 Block 1
E $1-52 Block 2
F S1-52 Block 3
G §1-52 Block 4
H $1-52 Block 5
T S- Block 1
J S- Block 2
- K S- Block 3
' L S- Block 4
M S- Block 5
5- Extinction

o=
[92]
-



MEAN PERCENT POWER S #01 ' 152

E
é

cz
BASE EPOCH 1 EPOCH 2 EPOCH 3
1-4 %-7 8-12 13~3C¢ 1~-4 5-7 8-12 13-30 1~-4 5=-7 B8=-12 13~30 1-4 8-7 6-12 13~-30
A 528 1845 1406 145 S1e5 20e¢3 137 14,5 4603 15.C 2342 15,5 38.6 204 28,8 12.2
B 29¢% 16s4 35.7 18s4 50+9 1863 163 14.5 59 ¢l 124€ 177 1046 A41eT 217 2449 117
D S84e) 1209 16¢8 164l 83:0 217 218 13,¢ 37«1l 20eS 2849 13.1 alel 1647 23.1 191
E 375 1662 33.7 1247 47«7 176 1848 1549 45.5 2046 18.1 15,8 42,6 247 19.3 12
F 308 1949 35:3 1442 4721 1660 20¢4 1645 4362 172 2249 16,4 4%.9 200 23.5 106
G 369 173 32¢4 13413 A06v4 18¢7 2105 1364 34.7 1844 304 1645 45e2 196 22¢5 127
H 39¢6 16e6 27¢8 160 43,5 1605 1368 210 43¢5 224 204 13,13 50el 172 17¢6 150
1 4248 1545 289 132 3040 154 350411942 39el 2CeC 2847 12,2 47.C 17«5 24,1 1lled
J 466 166 2345 13.3 3343 1662 31.6Jl7.l 377 1304 326 16,3 4240 15e¢1 32¢1 1048
K 39¢1 144G 3067 1542 43,8 177 1368/2267 4302 187 2248 1542 4%¢7 16e€ 2642 1166
L 36,0 1844 34¢) 115 377 1lae6 2345 19e2 395 13e1 3249 14, % 3%.6 190 32.1 13.2
M 419 1841 2608 13,42 827 17¢2 2606 1305 3403 1644 37.1 12,2 32,9 14¢1 3763 157
N 40e¢2 1843 30¢5 1140 29¢5 1Ge2 318 19.13 3742 185 3167 1246 3%,7 227 2847 12.9
0O 28,0 197 41¢4% 12+9 S3el 222 1549 111} 33¢8 2347 276 14,45 34,7 3012 1941 14.%
02
A 37¢1 1248 3943 127 22¢9 13e8 537.7 Q.1 cTe5 1160 47¢% 14,0 2447 15e8 4303 15666
B 212 12¢5 5843 843 37e6 99 477 1247 3245 11e2 4408 11.9 28e¢4 1366 47e¢4 100E
D 238 1648 47e3 12420 34,1 Pe2 4346 13,1 3Ce2 1%5eS 47e3 1249 22.1 8.9 S4.8 14,2
E 2%+3 1242 Sle2 1:i43 34¢9 Bel 43,0 l4e2 330 14e€ 37.9 14, 2Gel 1642 3741 1766
F 1ae6 1349 531 844 3340 1340 +Je9 1301 290 104C 415 194€ 3%e3 12e7 3946 145
G 211 9«7 61e) 3,2 2948 1Je8 6746 9+8 263 BeB 54,7 12.1 284C 1102 450 1Se€
H 20e3 12¢2 572 103 31¢6 805 4347 1642 2G«2 105 4821 11s2 3%e%S 150 358 137
1 303 119 45«1 1248 2847 17¢9 5046 1366 256 1565 429 15,9 3Ce? 121 46e3 157
J 2740 199 52e1 100 1767 11e6) 536 1149 1842 11eC 576 1363 2143 13¢4 55.5 9.8
K 23¢3 709 593 9.8 28e9 Tel 476 l&eb 1964 1207 57e5 1lal 224 1202 57«1 8473
L 24¢9 12462 3362 947 23e5 105 535 102 17¢% 1Ce6 612 107 2CeC 1Ue3 61lad Be3
M 3660 942 46e¢ B89 22¢5 12¢3 53.2 1261 15 e} S¢S 67¢) Bea 18el 14e])l 5846 9e2
N 20a48 12.8 5629 9,9 219 132 5441 1048 23al 11e€ 55«7 946 1509 122 59¢2 Be?7
] 9e% 13¢0 727 348 3349 178 4345 Gea 2846 10e€ SUed 1044 2Ce6 13eC S53e% 1245
Cc3
A 4943 20! 167 16.C 37¢8 1Ge7 2646 1663 330 1648 3403 1640 3842 235 309 1166
8 31¢9 1322 369 1840 42¢0 157 2847 1307 58e6 11e2 1Ge4 1Co8 3403 2162 30D 1408
o} 51¢9 11e7 2343 131 49e48 19¢5 173 137 40 e2 1€Ee2 2949 11,.8 %48 1265 22¢3 19a(
S 3640 16644 3442 1344 473 1744 [Pe. 16a1] 48¢C 1762 2151 137 3Ge9 264 1946 16a2
F 3063 1760 415 11e2 466 177 1943 1643 39¢6 16e9 2301 2% da.]1 189 24.5 1245
6 33¢% 13¢2 41e¢8 1163 49.6 1565 133 1546 3Ge4 1565 275 17.2 4€,3 14e2 24.8 14eS
H 4lel]l 1449 30¢7 1343 472 1265 1765 2ueS 4343 163 2342 14,2 ECeS5 16e¢84 210 14l
1 373 1844 2805 1547 3169 1864 23¢9 1%e7 QC e€ 1T7ec 288 1362 4447 1640 2603 134C
J 3Ge7 1604 29¢9 1440 ©0e9 1663 2404 1342 322 178 23846 1104 3848 151 36e2 9eG
K 28¢5 1566 32¢4 13,4 3247 1604 25e4 214 4Ce3 15¢G 29e8 1447 41¢9 16e3 290 1248
L 43.6 13.8 33.4 Se2 38,0 138 239 183 32¢7 129 436 1048 3%e4 1469 3748 1149
M 44,0 18s1 2602 11492 4160 1348 32.4 1207 36e]l 2260 2848 1362 3465 137 3543 1665
N 41.1 18¢5 29¢3 1141 319 2323 3)Je5 1562 3342 163 33¢1 14413 2284 19e3 395 t246
D 24¢7 1840 4645 10.8 53,8 1347 (%] 1368 38el 16eC 29+4 16.5% 34.8 2%e1 2543 14.8
ca
A 44el 1727 2604 118 43¢7 1Be4 23e6 1443 39¢7 13¢% 3040 1607 36e¢2 179 3443 11a€
B 2584 16847 378 23492 35,48 1GeD 2348 158 48e8 Bel 3247 1Co% 36e5 18¢7¢28e8 13eC
D 4863 12¢3 23e1 1€e2 48448 1544 2341 1607 380 17e4 3CeTel13.9 318 17e4 296 2142
£ 33e4 13¢6 41l 11.8 47¢3 1Se7 193 177 4607 1402 2201 1761 4362 166 2440 1642
F 32¢0 177 351 15,1 45,3 12e¢5 24e¢S 1762 399 1lae( 252 2049 42,7 20 e 219 1444
6 21e7 1363 422 1248 63e3 17el 256 139 4004 1843 2448 1645 47«3 192 205 13.¢C
H 3365 149 3761 14,5 43,1 1561 2262 19e5 4445 167 203 15.1 4.4 14e]l 218 15.7
1 35¢7 157 34.6 1849 31e4 1S5e1 34.6 1849 35,9 (€7 31e2 1641 42048 1842 2204 17.C
J 463 11e2 28,7 13.8 375 115 371 139 3546 13¢5 3641 148 38¢5 1ESel 3261 14,
K 33¢a 10¢4 40+4 15.8 3648 118 32.7 1Be7 275 168 3946 1547 41¢2 12¢4 3246 13487
L 2Re6 1647 4066 14,2 3De4 14.0 3%9.8 1548 3443 10«4 42¢2 1301 37e¢3 156 38.8 12,€
M 27¢0 122 36e0 14.8 378 13e4 374C 1148 300 1201 44¢2 1347 278 15¢4 4048 1641
N 35¢2 187 288 17.3 3848 190 25«7 165 455 1566 2641 1248 3601 1Pa8& 33+2 12.3
O 363 1640 26¢7 2348 44:.5 1863 177 175 378 1947 21e]l 2104 JEeB 20e¢6 21al 19.5
T3
A 464 2001 15«4 18.1 30e5 169 2541 2745 29¢5 1608 32.9 2Ce8 37¢9 19e. 279 1562
B 319 9¢4 352 2345 32e7 1562 29¢5 2244 6Ce2 Teld 1E«2 1443 2868 2242 269 2249
D 37¢6 1608 2803 1743 36e8 18e3 27e% 2402 32.1 1542 30.1 22,1 3246 1649 2607 2449
4 36e1 13e8 309 19.1¢ 358 1366 253 24,42 378 165 2249 2246 26¢8 21,9 23.3 28,1
F 323 13e4 377 1647 3Res 1407 22¢3 2404 385 167 2267 2249 35e8 1742 2545 214%
G 3246 12¢1 40+2 1542 37«8 159 24.1 2262 277 156 29e1 2746 317 174 2741 238
H  35¢7 156 3146 1748 32e5 1706 3243 24,6 3362 12¢€ 3243 2049 3404 1Bed 2748 196
1 309 19¢8 295 13a7 2602 16¢5 32e7 2646 3240 1565 293 23,2 42¢0 12¢7 2602 19al
J 317 1369 353 18+ 355 14.4 2645 2346 28.6 18,7 34,5 1B.¢ 34,4 1348 363 155
K 3302 192 3404 10, 31¢6 1445 2362 2546 31,8 157 33.9 18.9 3748 14e¢0 2909 1843
L 369 1566 3344 14,1 33,2 1267 315 22¢5 33¢8 1&e€ 378 15 3049 149 38.3 15.6
M 425 213 2341 13,2 2944 1246 3646 2104 276 197 3242 2045 253 16,5 415 1647
N 354 17e2 3146 1548 2RBe6 23el 2943 19, 2943 16¢€ 374 1646 23e7 14e7 44.9 16e6
0O -26¢4 151 40e5 17.5 38,9 1662 240 2043 3248 16¢4 307 20 4.2 1843 28+3 1847
Ta
A 365 190 27¢D 174 42,8 1461 23.7 195 3401 1464 27,7 23.8 377 20e2 2840 14,1
B 3349 1263 31.9 2149 29e¢2 18¢7 36¢5 156 416 11el 357 1165 320 1804 28e3 2144
D 380 1645 238 2147 394 1840 24.6 2142 36e6 1Ee4 25.0 20,9 32e6 197 2507 2149
E 2445 1265 35:1 17.9 41e¢9 1643 24,4 174 4442 1560 22.6 18.1 38.1 1648 26.1 18.9
F 30el 21¢1 3343 15.6 4003 14,0 252 2405 40 ¢4 13a€ 221 23607 G708 23146 1842 17.8
G 32¢2 1%7 3647 15.4 4603 15e%5 2J¢7 175 40¢6 157 23e4 2043 43.6 18e¢l 19l 1942
H 33e5 1467 J602 1546 37¢e2 18400 2661 2247 38el 178 2543 185 433 1648 2045 19.5
t 385 1548 29,3 164 3060 113 33.8 2449 3741 16e% 2808 1749 46e8 167 175 9.4
J  40«B 12¢5 28.7 1849 31el 1548 364G 1646 AT e0 1l1eds 2942 19,6 3542 148e] 3447 16.C
K 31e7 1040 3649 213 32.9 1146 35.3 20.1 26¢6 1842 3643 1848 o2 14,0 34,7 16,1
L 34¢6 1246 33,6 191 2803 159 34¢8 21le1 372 1104 34,1 17.4 34¢%5 170 35.2 13,3
M 35.0 153 31.6 18,1 3048 146 39e1 1546 33e% 13¢2 37.0 1642 27«4 147 39.0 (8,8
N 3566 18.4 34,1 11.8 33e8 177 36l 19e2 40e6 18¢C 305 09 2Ge2 1%¢4 35.3 1640
0O 26.) 18.0 37,3 18,6 440 17¢4 255 1361 374 217 252 1602 4%¢3 2.1 218 13,1



OZXIFAXL=IONMNOD» OZZF XL =XIOTMMOD® » ODZEZFXC=IDTIMOP>» OZEFRC—=TOMMO@>» OZErXCiIoMmMoOo>»

OZEFXQ@=IOAMMOD >

153

MEAN PERCENT POWER S #02
cz

BASE EPOCH 1 EPOCH 2 €EPOCH 3
-4 $-7 B8-12 13-30 1-4 S5-7 B=12 13=-30 1-4 S=-7 8-12 13-30 |-4 S=-7 8-12 13-30
357 32.4 18.8 13,2 5%5¢9 2445 9.l 108 620 15«5 11e% 1140 aCel 2347 13.4 16,8
36¢7 31e¢1 1847 11.5 4847 2541 1440 1262 Z0el 22¢]1 132 1445 66.2 15,9 9,1 847
45,6 2647 1402 13.5% 4403 3103 14,5 9.9 4600 2€0% 17«0 1065 5602 21e¢l 127 99
46,5 27.9 14,8 10.8 515 27¢6 135 Te4d 50e2 2T7e7 13«7 8e4 5409 22¢] 152 7.8
4740 295 147 8e7 554 2601 1048 7.7 519 24¢€ 1443 9.0 40¢9 26¢€ 14.0 105
528 2441 12.3 1048 44.7 28.6 15«7 109 43+3 2843 18.2 10.2 47«4 264C 16e] 1045
570 164 14,8 11.9 4363 28.€ 159 1202 52«0 2144 1260 14.€ 44.8 310 121 1201
209 1823 1245 4Qa) 25al1 1547 1Gal) 5423 2Qa0 147 11.2 4909 22.3 1542 12a€
52¢8 2160 177 8.5 53e3 27¢4 139 Ae3 4Te6 2601 17.1 9el 48e5 32e2 107 846
4602 27¢0 16.5 10.2 573 2048 1)a8 lle0 Ele? 2401 143 99 4946 21e%5 167 1243
85.6 2509 16,2 2.2 5407 1946 1348 118 4T e¢3 27¢8 1401 1049 5Cel 1849 1647 14,3
4049 2349 14.3 2249 52e5 1647 168 1460 474 2049 154 16, 4303 259 156 1409
515 2209 1%5¢2 1043 498 22.5 12.9 14,8 425 2201 203 13 46¢]1 18e¢3 193 1643
44,4 19.3 23,6 1247 5166 19¢6 1501 137 46e3 27e% 164 9.8 46e6 2405 164 1205
Qz
69.5 646 12.4 1lle6 538 210 137 1145 4405 1445 187 2165 Sle6 1446 14.4 19.4
438 20e7 192 1643 68e4 11¢2 Je4 110 50.C 941 25S.1 15.8 53¢9 1249 1946 1346
49¢7 127 205 1607 53e0 1742 15,9 148eD 62¢6 10e8 1407 1244 653 11e¢2 112 1262
558 133 18el1 12656 5T7el 1666 12,2 1401 €0e0 1204 1S5e4 1202 4.0 1701 14,8 1la,2
539e1 12¢1 17.4 114 638 1341 1248 1043 £T7el 1846 118 1244 Elel 15+3 119 113
49el 1566 207 1445 56e1 12¢8 1741 14s . S0e4 140 2240 1367 4344 1846 1849 19¢2
40,0 1343 28,4 2243 4128 1846 20a6 1961 46l 1447 2140 31Ba2 3849 1747 1842 25,2
56el 12¢5 1845 1206 64e5 1Ge6 14¢C 1100 €3eC 1306 1266 1067 4Ge2 1404 2204 1401
4946 148 19.3 16484 558 1701 14,2 1248 S6e4 1366 153 l4aes S58e5 1449 137 13.¢
53¢9 9.4 18,9 17.8 5T7eQ 14¢4 149 1366 S51e¢8 21ed 153 116 5Ted 154€ 128 l4e2
4Tel 1840 1741 1748 35el 1441 1563 1565 476 1667 177 1840 S8l 11e4 1669 1766
Gle2 13604 22,8 2247 49¢7 1445 1841 17,7 475 125 2Ce9 1847 41e2 1401 2445 1946
55¢9 11lel 1662 1648 497 13e8 164 2060 32¢0 17084 29¢2 214F% 4847 130 217 1645
39¢6 1561 2600 19ea 52¢9 10¢% 160 205 43e¢2 1€eS5 2341 16.9 4T7¢3 1442 2168 16,7
c3
4545 2441 1643 14.0 56¢9 217 11e4 99 62¢3 1443 10.0 13.4 5Ce6 214€ 10e6 1743
42s1 24.5 19.9 13,4 48e5 2347 139 11e8 48 e84 1T7¢% 1746 160% 6604 1606 Be3 B8
50el 2362 12+6 1441 47¢0 2603 1340 11e6 453 2542 1848 1047 55¢% 210 123 1102
50¢3 2544 13.2 11 55¢8 216 14,2 844 48eZ 2802 1345 1040 S5%e%5 210l 14.7 8e7
483 2242 17.9 11.6 598 210 10.0 9e2 5302 222 1449 965 53e4 2541 1048 10e6
53a0 2045 1542 1laak A8a2 23:7 1546 125 43¢l 2628 1Eeé 11347 67¢7 2440 15.8 12.5
58¢5 136 1242 157 4203 2547 14406 154D 50¢7 21e% 113 1645 4749 2640 109 1543
4944 20602 17.8 1246 52¢7 215 15eC 1Te8 S4e% 1844 1643 1(Ge8 50e8 212 153 12e¢
6040 15¢4 159 946 S5S4¢0 2346 13.1 603 50e4 2343 163 1061 S€el 227 117 9%
44¢7 251 1843 1147 52¢3 1846 169 1243 4962 2447 1540 1101 S4e9 18¢6 157 107
5242 18el 172 12,6 51«9 1846 1601 1344 4448 2546 159 13.8 44,7 209 20¢4 14.°0
3849 216 173 2242 Slel 15¢1 175 158 48sC 175 16€6+2 183 46e6 192 1604 17,8
54¢6 182 13e6 1366 50e¢4 1948 12.8 170 457 1S.2 193 15.8 4405 172 1961 19e1
4202 1622 2548 1547 5425 1508 1540 1447 505 219 1664 11.2 S5Ce0 2046 1524 14ad
Ca
3552 2749 18.0 1849 5329 17¢7 1257 1507 S8el 12+7 1248 2044 SCa6 17e4 13+4 1E€4€
4le2 2246 18.7 17,5 54¢2 1661 12¢7 17D €10 1€eC 117 2143 703 117 7.2 1Co8
2Tel 1868 152 1942 40e6 27e3 134 1847 4602 183 1607 12,6 53e3 18e¢] 117 1648
43.7 2560 1409 1643 5565 2246 12¢5 “o4 485 254 1346 1242 5T7e4 16¢4 143 12.0
4T7e5 2246 16.1 13.3 5541 2060 115 1365 49 e84 2307 13e4 13,5 4GeS5S 2049 14,7 14,9
32¢4 17¢7 133 1646 S0el 216 152 1361 4444 2261 206 1249 S50e4 1948 1647 13,1
533¢2 145 12.5 199 4103 217 1341 1849 45.0 199 14.0 211 43e2 2146 15¢3 1949
44,9 1845 1649 19.8 48,2 1849 158 1762 18 165 148 17420 4762 1645 174 18.9
4845 1924 20D 1202 5508 199 1302 1192 4205 2234 185 1506 4Ee0 2847 1046 1248
43e5 22¢5 156 18e4 58.5 1841 946 1347 555 15¢7 1548 13,1 £1e3 165 1745 l4et
48e5 194 2060 1242 558 1949 132 11e2 425 2344 1845 154€ 4840 2847 1046 1248
39¢3 17.0 133 3201 45e5 14¢4 197 2Ce 4 40e5 15e6 1548 2441 4309 19% 14,42 2245
49¢]1 194 17¢) 1444 42.7 18e¢5 14.9 2440 377 1848 19¢]1 24.3 4.8 13,2 1842 2147
4240 158 212 2140 49¢3 1€Eel 14,1 20.3 4846 22.1 153 13.9 469 16¢7 18.1 1842
T3
4606 1605 1542 2148 47¢5 20e4 1340 1701 4245 1666 1665 24,6 4349 1848 113 2641
33¢3 2609 205 1942 41¢8 196 210 175 3846 17e1 192 2540 45¢7 1842 154 20.6
49e¢3 17e4 14.5 1848 4led 218 17.6 19.1 40eC 15Se5 2049 1946 4%5e] 19¢2 16¢4 1902
4642 17e5 1548 2045 4T7.4 16e]l 162 273 470 2Ue6 1246 1907 51e¢0 174l 1544 1645
418 2068 177 2041 499 1442 164 1904 454C 1BsE 1663 20.2 42¢]1 2148 1743 18,7
48e¢8 17¢3 1542 1848 3849 200 1342 2242 3565 21e% 1846 24,6 42¢4 1841 1747 2148
426 1264 1545 2946 33.2 1747 155 3246 37el 20¢6 1401 28.2 4le]l 178 13.8 27.3
4423 1803 1729 1325 1921 2208 122 1201 45:6 2122 160] 1648 4229 1948 167 2066
51el 12469 173 1840 $2e2 13¢5 13.8 21 38.5 197 17.9 23,9 46e3 1527 17e] 21
42¢3 2040 1647 2140 5046 1648 16,0 1646 42¢3 210 18e6 18,1 478 1841 174C 1761
38e1 1642 1549 138 356 196 214 23,4 3364 205 2202 2447 3445 2745 194 25,6
38¢3 1349 157 3241 3840 154 2145 2502 396 14¢5 1602 29,3 4264 134€ 1645 2745
376 205 1641 2547 407 2063 12.8 2642 36¢1 157 218 264 ¢ 370 17eC 19¢3 2647
347 1266 2742 2545 4401 116 19¢6 2408 ATe6 172 186¢8 207 366 14.9 18.7 29.8
T4
3440 213 146 30,0 358 1246 ] 3.1 3806 41e3 12¢€ 127 33,23 299 14843 1649 39.0u
32¢1 176 1943 3140 39e7 B8e5 1Te8 3440 3941 1%¢8 11e? 33,5 476 136 Be7 30460
31¢2 13¢5 17.2 38.1 35¢5 1649 1649 3046 360 164 1%59 31.6 42¢9 14:0 13.9 29.1
3548 1646 15.4 32,1 470 16e1 13,4 2365 40e]l 172 137 2849 400 14.5 17.4 28,0
35¢3 190 14.3 3]1.4 43e3 1648 12.9 2749 3663 170 1642 30,4 3€6s1 173 1743 2943
38e8 1340 22.2 26,0 4566 12¢5 1604 2545 367 1Te8 198 2604 42¢3 118 1746 2843
340 124 157 38,40 33.8 13¢3 19+3 2266 355 12¢2 1843 23,0 2A8s2 1C29 127 38,1
299 1602 227 3142 3362 144 170 354 33¢3 164 173 33.0 3%,8 1442 471 32.9
367 153 210 2742 39¢0 159 1542 2969 29el 19¢4 18+9 32.6 3246 1548 2102 304
379 1443 141 33,6 3849 1948 17.0 24413 38.0 15¢1 188 28.2 42e7 1363 1665 275
39,4 176 137 2504 34¢5 1803 19¢6 2746 3446 19¢5 177 28.2 3Ge4 1lel 1747 31,8
3348 1562 1843 32.6 34,0 117 24.2 301 321 166 17¢4 33.9 313 1%e1- 1846 35.0
3148 1442 22,6 3le0 309 155 27e4 33.3 2546 1T7e7 229 34.3 33¢0 115 2543 302
2949 1248 26.9 30.3 332 18e¢3 175 309 360 17¢9 154 2646 42:7 110 139 32.9%
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MEAN DERCENT POWER S #0a 155

c2
BASE EPOCH | EPOCH 2 EPOCH 3
1-a $-7 8-12 13-30C 1=-a 5=17 3-12 13-30 1=-4 5=7 8-12 13-2" 1-a S=7 8-12 13-32
A 5Be2 1340 1602 1246 S52¢e4 187 1749 11e2 47.1 2Ce? 171 1%.5 S5e1 10 218 12.6€
8 48,9 15¢3 1942 1647 5%7¢2 18e¢3 157 1407 50e8 1%e€ 196 la,a ©leB 16¢% 2540 648
o] 43¢3 2060 22.35 14,4} 48es7 168 175 17D 42¢4 152 21e% 1649 46e8 o2 244 18647
-4 47e4 174 242 114 48¢0 15¢1 24¢l 1300 4€e€ 26e8 llea 41e8 158 309 11e6
F 38e2 1762 31053 1247 46548 195 2240 l4ol 38.7 Te9 278 154¢€ 44.6 199 1922 1603
6 3Be7 19¢5 27¢3 1644 J6el 179 23e8 1701 28¢5 23a2 3344 1444 49e5 194 1842 1249
H 348 1T7e8 32¢5 1449 36¢0 2067 2246 2047 4601 17e¢3 23¢6 13e0 42¢9 21e¢1 2243 136
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APPENDIX D

BEEG VARIABLES ENTERED (REMOVED) INTO SWDA RESULTING
IN A SIGNIFICANT (p < .05) U-STATISTIC

S1-52 and S- indicate ccmpariscns within each
over acquisition. All other comparisons are
between S1 and S~ +rials in each condition.
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APPENLCIX E
COMPARISONS OF POST~TONE BEEG EPOCHS TO THE BASE EPOCH.

Only significant mean differences ars givan
(related t-test, 2 tail, p < .05).
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PSEUDO

ACQUISITION EXTINCTION

0l 02 03 04 05

1-4 Hz 1 -16.3 -16.1 -24.5 -28.6
-11.5 ~-12.3
18.0
2| -16.8 12.8 -14.5
3 9.0 -13.8 -12.7 -18.2 12.7 -18.0
-19.3
5-7 Hz 1 6.0 - 8.1
-13.0
2 9.8 - 7.7 -19.0
3 8.2 7.6 - 8.0 7.1
8-12 Hz 1 15.2 22.1 8.4 22.5 20.4 10.9 27.4
8.9 7.8
-13.6
9.4
2] -17.6 -26.7 18.4 14.3 -10.2 17.7 - 3.7 - 5.7
3 14.6 16.9 17.1 20.3 21.2
13.2 10.3
13-30 Hz 1 - 9.1 5.4

1-4 0z 1] -18.7 -17.8 ~17.4 -23.1 23.6 -16.7 -16.9 9.1 12.7
17.0
2| -18.8 -15.3 4.4 12,0 13.3 11.5
3l 16.3 -12.3 | -11.7 -15.6 -18.7 21.1
13.6
S-7Hz 1] 10.1 -10.4
2l 15,2 1. -5.0 6.3 - 7.8
-12.7
3l -14.0 8.7 - 6.0 -12.5 3.3
B-12 Hz 1 9.3 21.8 6.0 21.6 15.0 - 7.0
20.6
2 19.0 9.9 17.5 16.9
18.6
3 17.2 9.4 13.2 21.7 15.3
-10.2 19.6
13-30 Hz 1 -59 5.1 - 9.6 - 8.0
6.9
2 4.2 - 4.5 -5.6 4.4 46| -9.9
5.3
3 2.8 - 7.0 5.8 -7.3 6.7
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ACQUISITION EXTINCTION
01 02 03 04 05
T3 Sl S- S182 S~ S182 S- S182 S- S1s2 $- Sis2 S- Sl S-
1-4 Hz 1 15.9 -16.7 9.7
2 16,5 -28.3 -15.5 6.7 14.6 16.4 - 9.3
3 -13.1
5-7Hz 1 7.3 - 6.6 6.2 8.7
2 . 4.9 13.3 -13.7
3 -12,8
8-12 Hz 1} - 9.6 10.9 15.3 17.5 11.4 16.9
16.1
2] -17.5 14.9 - 6.1 7.8
5.5 ~-11.6
3} - 9.4 11.4 11.8 13.1 12,1 -18.4 ~13.4
2.4
13-20 Hz 1 -10.4 - 9.7 ~11.5 - 7.0 - 4.9 -~ 8.2
- 6.7
2 8.4 - 8.2 - 4.8 -12.4 4.5 - 7.3
6.1
3 - 9.0 - 6.9 - 7.1 8.0 11.1 8.9

T4
1-4 Hz 1 -14.1 18.1 -14,2
-18.9 -11.7
14.0
2 - 8.9 13.0
3 -11.7 ~10.3 - 9.8 -12.6 -19.9
12,2
5-7 Hz 1 9.5 - 9.9 - 9.1 -11.6 -17.9
13.7
2 - 8.5 7.3 - 4.4
3 4.5 - 6.8 12.2 -19.2
8-12 Bz 1 6.4 5.8 16.0 12.3 13.7 9.6
2 11.2 -13.6 13.3 13.2
3 11.7 15.1 17.6 15.8 15.
24.6
13-30 He 1 8.0 -12.4 9.5 8.7 7.4 - 50 -6.4 5.5 - 3.6 9.6
-13.6
2 6.8 8.8 8.6 - 8.2 5.0 - 9.7
- 6.4
3 8.9 9.7 - 7.6 9.3
-~ 8.4 -5.8
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REFERENCE NOTES

Subroutine FFCSIN. The International Mathematical
and Statistical Libraries, Inc., Vol. 1, Revised
Novamber 1975,

Nie, ¥.H., Hulil, C.H., Jerkins, J.G., Steinbrenner, K.
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