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Two experiments were designed to define the behavioral functions
that ﬁight correlate with human cortical DC responses. Thesé res-
ponses, negative in polarity and 500 to 5000 msec. in duration, were
referred to as Contingent Negative Variation (CNV) to provide contin-
uity with existing literature. 1In preliminary observations it was
established that CNV occurs during a variéty of tasks all of which
could be said to involve "time-locked concentration." 1In the first
formal experiment, in which a selective reaqtion time task was used,
it was shown that CNV duration and the timing of the task stimulus
are independent of one another., In the second experimeht it was
shown that the late components of the cortical response to sensory
stimulation were not altered during CNV. The results of these experi-
ments support the theory that CNV is a correlate of the response selec-
tion process, but is independent of sensory processing. The neural
substrate of CNV is thought to be widespread cortical inhibition;
this could subserve concentration on response-relevant associations

by filtering out associations not crucially related to the task.
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INTRODUCTION

On the basis of comparative-anatomical and clinical evidence
the cerebral cortex has long been regarded as the probable locus
of many of the higher-order synthetic functions of the human brain.
Particular importance has been given to the role of cortical con-
trol over subcortical structures in such aspects of behavior as set,
expectancy, and the sequential programming éf action and thought.
Yet early recordings of cortical electrical potentials did not reveal
any distinctive electrical correlates of such higher-order psycho~
logical functions. In fact, microelectrode recordings served pri-
marily to elaborate anatomical evidence for the existence of speci-
fic afferent systems and convergent cortical neurons, while gross
electroencephaiography revealed only rough correlations between
electrocortical rhythms and very general aspects of behavior such
as arousal level or orienting reactions.

Computer-averaging techniques now permit the measurement of
electrocortical activity that is responsive to subtle and meaning-
ful psychological variables. The electrocortical potential changes
generated by these variables are too small to be detectable in a
raw electroencephalographic record, but can be isolated from elect~
rocortical '"moise" by average-response computers; they are often

referred to as averaged evoked potentials. They consist of com=-

plex and remarkably reliable spatio-temporal patterns of potential
change distributed over most of the surface of the cerebral cortex.
They have been studied recently in a variety of paradigms similar
to those employed in the experimental psychological literature on

human attention, perception, and decision processes.



One outstanding contribution of these recent studies has been
the demonstration of systematic relations between averaged evoked
potentials and selective attention. Two types of averaged evoked
potentials have been found to be related to selective attention.
First, brief (usually less than 500 msec. in duration), cortical
responses to sensory stimuli are modifiable by varying the relevance,
importance, or predictahbility of those stimuli (e.g., Sutton et al.,
1965). This finding is congruent with numerous empirical formula-
tions of cortical functional organisation, especially that of Milner
(1957). Second, slow potential changes, 500 to 5000 msec. in dura-
tion, have been shown to occur during particular phases of decision
task performance (e.g., Walter, 1964). These slow potentials con-
stitute a unique electrocortical phenomenon that has yet to be
integrated into any overall theory of cortical function. The present
paper is concerned primarily with the functional significance of the
latter slow potentials, especially in relation to performance on
simple human decision tasks. The large literature on the relation
of the brief sensory evoked potentials to selective attention (e.g.,
Donchin & Lindsley, 1966; Morrell & Morrell, 1966; Harter & White,
1967) is not directly relevant and will not be reviewed in detail.

The remainder of this chapter is a review of the literature on
the nature and origin of DC potentials recorded from the human scalp,
and on the animal and human studies relevant to understanding their
relation to behavior. This review is designed to define the theoreti-

cal and methodological issues to which my experiments are addressed.
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Measurement of Electrocortical Potentials

It is well known that electrical potential differences may
exist between any two points on the cerebral cortex. These poten-
tial differences may be measured by placing conductive electrodes
on the cortical ;urface. An oscillographic study of such poten-
tials on a time axis reveals two types of potential changes:
oscillatory or periodic potential changes, and aperiodic slow
potential changes. The former may be "high" frequency (3-15 cycles
per second) or "low" frequency (0.1-2 cycles per second). Low-
frequency oscillations and slow aperiodic changes are normally
filtered out of the electroencephalogram (EEG), and in order to
record them a DC amplifier and non-polarisable electrodes are
required, The slow aperiodic changes which are the primary con-
cern of this study require such DC amplification of electrocortical
activity and are therefore referred to as DC potentials,

A difficulty encountered in studying electrocortical potential
changes in response to specific stimuli, is that they are often
obscured by spontaneous ongoing fluctuations in electrocortical
potentials. When this is the case, it is possible to "average' the
obscured responses to the experimental stimulus. This is achieved
by taking samples of the total electrocortical activity immediately
following each stimulus presentation and summing the samples in a
computer so that the sum of irrelevant potential changes not re-
lated to the time of stimulation is approximately the same for any
given point in time after the stimulus. Thus if there is no

electrical response to the stimulus, the averaged activity during
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the period following the stimulus will form a straight line. If
there is an electrical response to the stimulus, it will consist of
potential changes occurring regularly at a constant latency after
the stimulus. The average of these changes will produce a wave-
form called the averaged evoked potential. .The waveform of the
averaged evoked potential will approach an idéal waveform as the
number of samples is incréased.

For the purposes‘of the present investigation it is useful to
distinguish three kinds of averaged evoked potentials: the slow
or DC response, the early components of sensory evoked potentials
(SEP), and the late components of SEP., The first is a non-cyclic
potential change which.is usually 500 to 5000 msec. in duration.
The early SEP is a complex high-frequency waveform which termin-
ates within approximately 100 msec. of stimulation. The late SEP
follows the early, but is regarded as a separate response. It
consists of a brief complex waveform whose major components usually
terminate within 500 msec. of the stimulus. The DC response tends
to be correlated with longer-lasting organismic states and complex
stimulations; the early and late SEPs are brief transients caused
by sudden, momentary changes in the pattern of exteroceptive stim-
ulation, such as a flash of light.

With the advent of computer-averaging'techniques it has become
feasible to measure human evoked potentials from the intact scalp.
Such potentials are slightly attenuated but generally resemble
potentials recorded from epidural electrodes (Walter, 1964). Al-

though scalp electrodes integrate activity from more widely
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dispersed regions than do epidural electrodes, early SEPS from
scalp and cortex resemble each other over sensory-specific regions,
and late SEPs resemble each other over non-specific regions of the
cortex (Calvet, 1962; Domino et al., 1964; Cooper et al., 1965;
Heath & Galbraith, 1966). Scalp-recorded DC potentials also show
close agreement with epidural records (Walter, 1964).

There are various éources of artifact which may disrupt the
correlation between scalp and epidural recordings. Muscle arti-
facts may contaminate a scalp record, particularly when the record-
ing electrodes are placed in the mastoid region, on the temporalis
muscle, or at the base of the inion, near the neck musculature
(Bickfbrd; 1964; Davis et al., 1964). These artifacts are usually
controlled, first by placing the reference electrodes at loci which
are relatively free from muscular potentials, such as the earlobe
or the.nasion; and, second, by assuring that the subject (8) is
comfortably seated with his neck in a relaxed position.

Skin artifacts caused by the chemical action of the electrode
jelly or the tension of the drying collodion holding the electrode
in place are generally confined to the early minutes of the recor-
ding session. They can be avoided by waiting until the electrode
contacts have reached a stable chemical state. Emotional sweating
may be controlled by encouraging the S to relax; (unusually
anxious Ss are usually rejected if it is impossible to obtain an

artifact-free record from them),



Eye movements, if correlated with stimulus onset or task
performance, may be a source of artifact. The effect of eye
movement may be reduced by presenting visual stimuli with a fix-
ation point, and instructing the S to avoid correlating his blinks
with any stimulus. As a further precaution, eye movements are
usually recorded on a separate polygraph channel to check for any
unwanted correlation with stimulus events.

Other artifacts, from line voltages and other electrical
installations, may be greatly reduced by attaching a ground lead
from the S to the recording apparatus. When these procedures are
followed, scalp-recorded averaged evoked potentials are cortical
in origin and closely resemble potentials recorded from epidural

electrodes (Walter, 1964; Geiéler, 1964; Low et al., 1966),

Origin and Distribution of Cortical Potentials

The direct anatomical origins of surfape-recorded electro-
cortical potentials are believed to lie in the neurons of the
upper four cortical layers. The recorded potentials represent the
activity of hundreds of thousands of neurons, of which many are
pyramidal cells whose apical dendrites spread out in the uppermost
layer, and whose somas lie in layers III and IV (Allison, 1962;
Goff et al., 1962; Walter, 1964; Morrell, 1967). Such radially
oriented pyramidal cells have large numbers of axon terminals on
their dendritic formations and somas; many of these terminals
originate in excitatory and inhibitory systems mediated by the poly-

synaptic reticular formations of the mesencephalon and thalamus.
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These systems induce inhibitory (hyperpolarising) and excitatory
(depolarising) post-synaptic potentials (PSPs) in the pyramidal
cells, changing the end-to-end polarisation of the cells, making
the dendritic aborisations at the surface either positive or nega-
tive with regard to the deeper cell somas. A sustained change in
the end-to-end polarisation of large pools of neurons is measured
at the cortical surface as a positive or negative shift in the
standing DC potential. Other projection systems which may contri-
bute to surface DC shifts originate in the exteroceptive afferent
systems, which project from the sensory cortex to the anterior
regions of the cortex. Cell unit firing is not thought to be the
basis of sustained DC shifts, but synchronous cell firing does
contribute to high frequency sensory evoked potentials (Morrell, 1967).
Morrell (1967) has recently reported correlations between speci=-
fic patterns of PSPs, unit discharges, and surface potentials in human
Ss. The most important source of surface activity appears to be the
PSPs; the role of cellular unit discharges declines as the surface
waveform approaches the lower frequency ranges. On the basis of this
evidence, and in agreement with Walter (1964), DC responses are here-
in regarded as sustained post-synaptic potentials mediated largely
by non-specific excitatory and inhibitory systems, and possibly by
anterior projections of exteroceptive afferents. The early compon-
ents of sensory evoked responses, on the other hand, probably involve
significant unit firing components as well as post-synaptic potentials

(Morrell, 1967).



The spatial distribution of DC responses to experimental stimuli
may vary greatly., The anterior DC responses studied in this thesis
are widely distributed, with greatest amplitude in the prefrontal
areas, as measured by Walter (1964) with implanted electrodes in hu-
man Ss., Although SEPs are also widely distributed across the cortical
surface, the waveform of these responses changes from one locus to
another, indicating more complex spatio-temporal patterns of neural
activity than those apparently present in DC responses (Goff et al.,
1962; Clynes et al., 1964; Walter, 1964). Studies of stimulus
parameters of averaged visual SEPs have shown that the spatio-
temporal patterns of responses vary according to the intensity,
color, complexity and shape of the stimulus (Clynes et al,, 1964;
Cavonius, 1965; Shipley et al., 1965; Spehlmann, 1965; John EE_EL-:
1967; White & Eason, 1967). These stimulus-specific patterns of
response are replicable within Ss from session to session despite
the low amplitude of the responses relative to the ongoing EEG.

The details of the anatomical substrates and distribution of
human DC responses have yet to be described. Nevertheless the inter-
pretation given above is reasonably well-founded in fact. While the
anatomical and physiological basis of electrocortical activity may
lead one to speculate about its functional significance, such specu-
lation must be supplemented by a consideration of the behavioral

correlates of electrocortical responses.
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Behavioral Correlates of Electrocortical
DC Responées in Rats, Rabbits and Cats

Much of the basic exploration of the DC response has been
conducted on species other than man. This work, mainly on rats,
rabbits and cats, is briefly reviewed here before discussing the
human experimental literature,

Cortigal DC ;hifts in response to unconditioned stimuli in
rats, rabbits and cats have been correlated with brain electrical
stimulatioh, onset of sleep, arousal from sleep, satiation of
hunger, sponténeéus locomotion, and sensory stimulation. DC shifts
in response to éonditioned stimuli have been produced with both
classical and operént conditioning.ofvréts and cafs.' The DC res-
ponses corrélated with these different bhenomena vary in frequency,
amplitude,.and loéué of the maximum éhift.

Uﬁcdnditioned.surface-negative shifts of short duration (1-5
sec.) may be induced by electrical stimulation of the cortex, the
peripheral sensory nerves, or the mesencephalic reticular formation
of the cat (Goldring et al., 1954; Arduini et al., 1956; Goldring
& O'Leary, 1957; Brookhart et al., 1958; Vanasupa et al., 1959;
Caspers, 1961l). These responses can be measured in the upper cort-
ical layer, in the specific sensory éreas of the cortex, as well as
in the nonspecific cortex., The responses of the nonspecific cortex
are not blocked by tépectomy of‘speqific‘seﬁsory areas of the cortex,
implying that nonspeéific DC responses must be mediated by a separ-
ate subcortical system such as the reticular formation of the mes-

encephalon (Arduini, 1961).
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Stimulation of the exteroceptors has been found to be
accompanied by DC shifts in the cat cortex, corresponding in duration
to the duration of the stimulus (Gumnit, 1960, 1961; Caspers, 1961).
These shifts are localised in specific sensory areas of the cortex,
but a response of lower amplitude may be detected in cortical areas
adjacent to the main focus of activity. In cats, Caspers (1961)
also observed a DC shift of variable polarity correlated with spon-
taneoué lqcomotion. i =

Gfédgal; m;ch 1onger;DC'shifts occur. during the transition from
wakefﬁlﬁeés>fo sleep, and'fdlléwing arousal-ffom sleep, in both the
rat_and_ghé~cat (Qgspers,‘1961g Wurtz, 1965,'1966§ Norton &
JeWett;‘1965; kPirch & Ndrton,,1967). Simiiarly, very slow DC shifts

boécur duriﬁg and aftertingestioﬁ of food_in the rat and cat (Rowland,
1964 ; Norton & Jewett, 1965:  Cowen & McDonald, 1965)., These slow
shifts are highest in amplitude in the anterior cortex. The polarity
of bC'shifté during onéet of.énd arousal from éleep varies with in-
dividual animals and preparations, but is constant within any single
case. DC shifts associated with eating are somewhat less variable
from animal to animal; the majority show a negative shift during
eating, followed by a positive shift after eating to satiation
(Rowland, 1964).

Conditioned DC shifts have been demonstrated in numerous studies
of the rat and cat. Shvets (1958), Rusinov (1960), and Wurtz (1966)
have shown the gradual development of a brief surface-negative DC
shift to the CS during acquisition of an avoidance response. Morrell
(1960) conditioned a negative DC shift to a tome stimulus using
electrical stimulation of the centre median nucleus as the US.

Rowland (1961) showed a similar DC response in cats to classically
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conditioned visual and auditory stimuli. Rowland and Goldstone
(1963) reported longer conditioned shifts, both positive and neg-
ative, to trains of flash and click stimuli which had been rein-
forced with food after 10 sec.; these responses increased in
amplitude as food deprivation was increased, and extinguished as a
function of the volume of food ingested ratﬁer than of the number
of trials. Finally, Pirch and Norton (1967) reported a biphasic
conditioned DC shift: during approach towards a food reward a
negative shift occurred, and during eating a positive shift was
observed.

In summary, two kinds of unconditioned short-duration DC
shifts have been reported in animals: nonspecific responses to
stimulation of the reticular formation and cortex, and sense-
specific responses to stimulation of the peripheral sensory nerves
and exteroceptors. Conditioned DC shifts have also been reported,
and are most similar in duration and locus to the nonspecific
responses to stimulation of the reticular formation.

The longer unconditioned DC shifts described above, which are
correlated with sleeping, waking, and eating behavior are quite
different in duration, amplitude and locus from other DC responses:
they tend to be greater in amplitude, and endure for periods as
long as 30 minutes. Often the response takes the form of a constant
drift in one direction, with no immediate return to the previous
baseline. Because of these differences they will not be included
in my interpretation of the shorter human DC responses which have

been related to complex behavior.
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The most common interpretation of the above findings with the

shorter duration DC shifts is that a change in the DC potential is

an indication of sustained central activation at a given cortical
locus (Arduini, 1961; Rowland, 1964). With the exception of the
slow unconditioned shifts during sleeping and eating which vary
widely in polarity and amplitude, surface-negative DC shifts cor-
relate with sustained cortical excitation and behavioral activation,
and surface-positive DC shifts correlate, in several experiments,
with reduced behavioral activation. However, Motokizawa and Fujimori
(1964) have shown the independence of the cat's DC response from fre-
quency changes during the EEC arousal response, thus refuting any
simple relation between activation and DC shifts. One investigatof
(Cowen, 1967) has offered an alternative interpretation, based on

the different cortical projections of>exteroceptors and interoceptors.
Negative anterior DC responses might occur with attention to the ex-
ternal world, that is, specific facilitation of the exteroceptive
afferent systems. Positive responses at the same locus might indi-
cate attention directed towards internal sensations, such as the
visceral sensations following satiation of hunger. The two hypo-
theses, the activation hypothesis and the direction-of-attention
hypothesis, have been further studied with human subjects and will

be referred to in the following section.

Behavioral Correlates of Electrocortical
DC Responses in Man
Unconditioned DC responses in human Ss have been correlated
with sensory stimulation, some aspects of visual perception, and

with voluntary movements. Conditioned DC responses have hecn
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procduced in both classical and operant conditioning paradigms.
Stimulation of visual or auditory receptors produces uncon-
ditioned DC shifts in the specific sensory areas of the human
cortex. Kohler (1955) and Kohler et al., (1957) found both
positive and negative shifts in the occipital cortex with visual
stimuli, and in the temporal cortex with auditory stimuli., Al-
though some controversy followed the publlcatlon of these results,
they were re1nforced to some extent by Gumnlt 5 (1960) s1nllar
findings with cats. The responses reported by Kohler were hlghly
1ocalised and spec1f1c and ‘thus qulte dlfferent from the non-.h
spec1fic anterior. responses with which the present lnvestlgatlon
is concerned; dtherefore, they are not dlscussed further in th1s
thesis. | .
| Kornhuber and Deecke (1965) reported anterior.negétive DC;
shifts preceding Spontaneous voluntary movement of hand and foot,
and positive DC shifts following each movement. The former, which .
they called the '"readiness potential" resembles the negative DC
shifts accompanying acquisition of a CR in cats; the latter, the
authors pointed out, resembles the late bilateral components of the
responses evoked by electrical stiﬁulation of the peripheral nerves.
Walter (1965) and Cohen and Walter (1966) observed a positive
wave of 1-2 sec. duration following a brief exposure of a complex
visual stimulus requiring S to keep track of correct solutions to
a perceptual problem. This positive DC shift, reaching its highest
amplitude in cortical prefrontal regions was independent of stimu-
lus duration, and was maintained even after the S was bored and

drowsy.
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Cowen (1967) reported a number of unconditioned DC shifts in
human Ss. He measured the respohse of the anterior cortex, using
the inion as referehce, in contrast to most other studies in the
literature, which reported using more inactive reference points
such as the earlobe or‘maetOid. His resultS'orovided some support
of his thesis that brief stimulation of exteroceptors (tactlle
vaodltory, olfactory,vgustatory,,v1soa1 or proprlooeptlve) is
lfollowed by negatlve anterlor cortlcal DC shlfts of severallaeconds
’doratlon whereaa stlmulatloh of theblnteroceotorsn(v1sceral organs;a
: carotld body, or veatlbular organa) is followed by p031t1ve shlfts
Evaluatlon of his resultslls made dlfflcult by hlS fallure”to re-
port hlS data in suff1c1entﬂdeta117 o R

Conditioned DC shlfts have been widely studred'lh human Ss
‘during the past three years. Walter (1964) observed that when two
stimuli are paired sequentially so that the flrst.serves to signal
the occurrence of the second, a negative shift rellablyloccars'aty
the surface of the anterior cortex immediatelyvfollowing_the first
stimulus and endures until the occurrence of the secondbstimulus.
Since the negative shift is independent of the intensity or modality
of the stimuli, it appears to correlate with alstate of expectancy
within the §; Thus the author called it the Expectahcy Wave, or

Contingent Negatiye'Variation (CNV). When lnduced by simple pairing

bofistimuli CNV has a relatlvely low ampllLude and h1b1tuates rapldly.

However, when a response is requ1red to the second stlmulus CNV is
very slow to habituate and is sensitive to instructional and social
influences. The CNV has been observed to persist even when the on-

set of the second stimulus occurs as long as 4 seconds after the

e ’
i
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first stimulus, but as the interstimulus interval is prolonged past
this point the DC shift becomes less well timed, lower in amplitude,
and thus more difficult to observe in an averaged record.

The significance of CNV is not yet clear. Walter (1964)
suggested that CNV is a sort of fronto-cortical priming which regu-
lates the time relations of the voluntary motor discharge related
to the task, and correspondé to the enhanced orientation of thé S.
McAdam (1966) aemqnstfated“thétlt?ainéd §s cgﬁ;iﬁéféasé thé ampli-
‘tude of CNV by increasihg th¢ émouﬁ£”off"éffoftf-or “éﬁﬁcentratioﬁ"
they devote fo the respénse,tq-ﬁhé séEoﬁd:étiﬁﬁiUS,'aha aiédiﬁhat:
CNV increases in aﬁpiitﬁdg with m6;é’aiffiéﬁ1£‘Eééks. ‘The Séme
~author showed that CNV.ié‘mbé&>brominent:és tﬁé S.léafﬁéia‘tgmpdral
interval, and tha£ afterfléarﬁing has taken pléce CNV hébituates
even though time estimatibn”remains'afiifs previous oﬁtimal level,
Thus CNV does not appear to bé”a necessary feature of either EXpec-v
tancy or temporal set. It is morellikely.thatvCNV”ig a correlate
of the enhanced concentration that is necessary during response
acquisition, but which is unnecessary once learning has reached its
asymptotic level or once the performance of the task is automated -
and less concentration is needed.

In summary, there is considerable agréement among studies of
human Ss concerning the conditions that elicit a negative DC shift.
Kornhuber and Deeckeis ”Readiﬁess'Potential" and Walﬁer's CNV
appear to be essentially the same phenomenon: in both cases a
negative DC shift occurs during the period immediately preceding a

response on the part of S, and in neither case is the DC shift a
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function of stimulus parameters per se. Positive DC shifts have
also been observed by Kornhuber and Deecke (1965) following volun-
tary movements by S, and by Walter (1964) following a complex
-perceptual identification task,

The results of these human studies confirm in many ways the
results of experiments on other species. WNegative DC shifts reported
during conditioning of cats and rats apparently resemble the CNV
nbserved in human experiments. Responses preceding and following
voluntary movements in caté (Caspers, 1959) resemble to some extent
thosé repdrted’by Kofnhuber and Deecke with human volnntary movements,

Despife these few similarities between studies of man and studies
of other snecies, I interpret the data from human Ss as evidence
against applying to man the explanations of the DC response generated
from studies of infféhuman Specieé. Thé activation hypothesis,
reported in the previous section, is weakened by Walter's (1965)
finding that positive DC shifts occur following visual stimulation
when S is required to keep track of complex aspects of the stimulus;
this result implies that the type of behavioral activation demanded
by the task used in Walter's study is neurophysiologically distinct
from those kinds of activation which produce a negative DC shift,

A unitary activation interpretation could not account for both posi-
tive and negative DC responses. Similarly, Cowen's (1967) direction-
of-attention hypothesis cannot be applied to the data from human Ss.
First, most available evidence indicates that surface-negative DC
shifts (of which CNV is the prototype) occur not following extero-
ceptive stimulation, but during periods of anticipation of extero-

ceptive stimulation and preparation for response. Second,



-17 -

exteroceptive stimulation may be followed by either a positive or
a negative DC response or none at all, depending upon the task de-
mended of S. Finally, CNV can occur in the absence of any clearly
defined external task stimulus; it pas been elicited in time esti-
mation tasks in which the signal to ;eSpond was generated within §
himself (McAdam, 1966).

Thus nelther of the‘hypotheses whlch were based upon studies
of 1nfrahuman spectee aﬁpears to account for the data on the‘human
DC response Whether this is due to dlfferences betWeen the spec1es,
’differehces in experimental design or dlfferences in recordlng

: technlques cannot yet be ascertalned

The Present Study

The present stpdyiis concerped:With‘the}functional significance-
of DC responses in the human cortex which, like CNV, are of negative
polarity and fall within a duratlon range of approx1mate1y 500 to
5000 msec. In my experlments, the electrocortlcal DC potentlals of
human Ss are studied in a variety of paradigms which have the common
characteristic of being fixed-foreperiod decision tasks.

As reviewed in the previous section, available evidence shows
that the processes underlying CNV are not part of the primary sensory
or motor systems; and should be eonsidered central or associative in
nature. These central processes are not correlated with a specific
pattern of stimulation or a particular kind of response. They are
tather related to an internal state which existing studies define as
"timed expectancy in a motivated S." This definition could lead one

to hypothesize that the substrates of CNV serve to facilitate cor-
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tical processing of anticipated sensory input. But it could equally
well indicate another hypothesis; that CNV is related to sequential
cortical association systems which determine the rules and programmes
for response--in short, the response selection process. Or‘finally,
it could mean both or nelther of these possibillties. In other words,
the deflnltion of the behav1ora1 correlates of- CNV is not yet clear |
.lenough to prov1de ev1dence for or agalnSL.any of these hypothesesxl
:An understanding of the functlonal 31gnificance of CNV must awalt'“
i.such ev1dence. | " ' - | 7

In my studleskl attempt to construct avclearer deflnltlon of the'u'
1¥behav1oral correlates of CNV. My worklng hypothesls about the beha—
, v10ral correlates.of CNV places empha51s upon. cort1ca1 control of :
performance,_rather thanvuponksensory processing or-general aCtlya—:'
‘tion, Myvtentative view is that CNV is related to the proceSs‘of

- response selectlon--whether the task requ1res a perceptual cognltlve
or overt motor response. Thus the termlnatlon of CNV would be con-
sidered as a correlate of the termination of the response selection
process.

In the context of my hypothesis I conducted a pilot study in
which CNV and simllar cortlcal DC responses were explored w1th1n ap
broader range of performance thanvwas used in earller studies. Fol-
1ow1ng the exploratory studles l conducted two experlnents. The
first experiment concerned the relatlon of CNV to- the response selec-
tlon processes whlch follow the.presentatlon of.the task stlmulus in
a selective reaction time paradigm. Thelsecond experiment asked
whether a sustained negative DC response influences the late com-

ponents of the SEP, in the manner of a central attentional system.
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THE INVESTIGATION

Throughout the following investigation cortical DC responses
were elicited:by having human Ss perform various tasks in response
to task'stimuli’(TS);'with'a fixed foreperiod preceding-either the
TS, or S'sbresponee,horiboth" ThelS's-DC electrocortical activity

was averaged on a computer during“and follow1ngdthe flxed fore-'lh:

'perlods, and the resultlng averagedfresponses were'studied as. a,:

function of S s performance The relevant averaged'responses weref

"CNV" haa been used ﬂ'>

always negative in polarity | Slnce the tcrmv
recently (McAdam, 1966) in a broader context than that orlglnally
used by Walter (1964), the averaged reeponses reoorted below are
always referred to as CNV, to provide as'much~continuity asvposaible

with the existing literature.

‘General Method
The apparatus and‘procedures common to all ekperiments are
described below. The apparatus subsection includes rzcording,
stimulation, programming, and data processing techniques, all of
which are illustrated'schematically in Figure 1. The procedure
subsection includes details of electrode placenentuand seating of

S, general instructions, and the testing procedure;v

Apparatus |

Recording, All electrocortiCal potential:changes’reported in
this study were obtained from the scalps of'adult.human Ss. Non-
polarisable silver-silver chloride DC electrodes (Tursky type) filled

with a conducting jelly (Sanborn Redux) were attached to the scalp
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‘Figure 1. Schematic diagram of recording, stimulation,
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with flexible collodion. The S was grounded to the recording system.
A low-level DC preamplifier (Grass, model 5Pl) and a DC driver ampli-
fier (Grass, model 5D) were used to amplify the electroencephalogram.
An ink-writing oscillograph (Grass, model 5D) provided a permanent
record of the raw data. The DC signal was also taken from the driver
amplifier via a reverter (Grass, model R5) to an oscilloscope (Tek-
tronlx, model 502 A) and to an average feséonse computer (Mnemnotron
‘ Computer of Average Tran31ents, or CAT 1000), whlch was trlggered by
a 3-volt pulse synchronised with the appropriate stlmulus event.

When necessary the data were stored on an FM tape recorder and later .
played back intovthe CAf‘computef; the CAT trigger pulse was also
recorded on a separate channel of the tape recorder, ”A”potentio-
meter provided on the preamplifier was used to balance the voltage

on the oscillograph several seconds before each stimulus., Behav-
ioral reaction times (RT) were measured from a microswitch set into
an armrest adjusted so that S's right index finger rested comfortably
beside it; thus a minimum of motor movement was required for S's
response. The RT was recorded on a printout counter (Hewlett-
Packard, model 562 A).

Stimulation. Visual stimuli were generated from two sources,
First, brief 10 microsec. flashes, used in the exploratory studies,
were produced by‘a photostimulator (Grass, model PS-2) masked to
5 cm. in diameter and set at intensity level 3. Second, pictorial
stimuli used in the exploratory studies were flashed from a tachis-
toscopic projector onto a small screen 130 cm. in front of §, sub-

tending a retinal angle of 3 degrees. Third, the flash and digit
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stimuli for all other experiments were produced by in-line stimulus
projectors (Grason-Stadler, model 10052-44;B) whose brightness was
approximately 29 foot-lamberts. The photostimulator tube and the
stimulus projectors were placed at eye level about 70 ecm. in front
of S. All stimuli except the second subtended a retinal angle of
2 degrees and were centred on a flxatlon p01nt Ambient light level
in the testlng chamber was kept to a m1n1mum so that dlstractlons
were mlnlmlzed‘ A wh1te -noise generator, an oscillator, and a
mrcrophone were connected to an audio mixer and an amplifier so
that the experlmenter (E) could- de11ver a varlety of audltory stim-
uli to S via a set of padded earphones (Koss, model SP -3X).
Programmlng. ”Tlm;ng and:ordering_of stimuli were,achieved'with
logic modules (BRS solid—state Digihit components) programmed from
a paper tape reader (Omnitronix, model- 119). Signals punched on a
7paper tape served to eontrolbboth stiﬁulus enente.and intertrial
intervals. The CAT computer trigger pulse and the'operate pulse
for the printout counter were synchronized With stimulus evento by
means of logic modules.

Data Processing. Data were stored in two forms, Ink-wrltten

oscillograph records of each recordlng ses51on were kept, and in
addition the CAT-averaged EEG responses_werexprojected onto the

oscilloscope screen‘and‘ohotogrephed'with an oscillosoope camera -
(Tektronix, model C—12).7 The oscillograph records contained the-
DC electroencephalograph, a record of eye movements, a record of

S's reaction times, and two channels of stimulus event markers.
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Procedure

Electrode placement and seating of S. The active DC elec-

trode was attached to the scalp approximately 2 cm. anterior and to
the right of the vertex (the p01nt at whlch the nas1on inion and
. interaural . 11nes 1ntersect), and the reference DC electrode to the,”

_1n31de face of the rlght or left earlobe The placement of the

: actlve electrode was’ over:pr motor'cortex (Brodmann area 6) accor-}f\"” -

'*hdlng to a me hod for calculatlngﬁthe relat1ve skull pos1t10n of

o the Flssure o Roland Ldescrlbed by Chu31d and McDonald (1960),

"and 111ustrated in Flgure 2 . An eye-movement electrode was- placed

'7w1th adhes1ve tape’over the 1eft eye orbit, with 1ts reference on‘
b_'the rlght or left earlobe A ground lead was attached to the ear-
.lobe other:than,that used as the EEG reference. S was seated in a
comfortablefchair, and the earphones were placed on his head.
Whlteynoisekat‘73 db. SPL was fed through the earphones to mask

: distracting‘sonnds. "Although the masking was not complete, there
was no stimnlus-locked_noise reaching S. The armrest containing the
RT microswitch was adjusted to a comfortable position, and the stimu-

lus generator was set about 70 cm. in front of S's eyes.

‘General’instructlons,fcalibration, artifacts. The § was told
.“to’relax.comoletel§; torcloselhisdeyes, while the amplifiers‘Were
calibrated the balance noltage was' adJusted .and the'standing'DC
voltage recorded | At.thls p01nt electrode contacts were checked

‘and the electrodes'reapplied if.electrical noise (especially 60 cycle)
was not at a minlmom.-‘g was then told the nature of the task he was
to perform, and to react '"as fast as possible without making any

errors." He was then given a series of practice trials until E
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judged that S had mastered the task. At this point the actual
programmed trials were begun. § was also told to avoid blinking

or moving his eyes in any systematic way during the trials, and
during the practice session his performance and EEG record were
carefully scrutinized for evidence of artifacts such as frowning,
blinking, clenching of the jaw, etc., any of which might contribute
non-cortical electrical activity to a record. Throughout all experi-
ments particular attention was given to control of artifact, and any
records which were suspected of containing serious distortions of

the relevant cortical reéponse were discarded and the trial repeated.

General testing procedure. Individual testing trials lasted

between 10 and 20 minutes, and the overall session from 2 to 3 hours.
Regular 2 min. breaks were given after every block of trials, and
longer breaks were given approximately every half hour. Ss were
instructed to stop the session for a fgrther break if they felt
drowsy or fatigued. Specific aspects of the testing procedure are

described in each study.

Exploratory Studies
In several exploratory studies I examined CNV with a wide

variety of procedures, including the simple "expectancy" paradigm
used in previous investigations, in order to further specify the
nature of its behavioral correlates. The general characteristics of
CNV were determined with four different tasks: simple visual and
auditory reaction time; short-term storage and recall of digit
sequences; short-term storage and recall of pictorial stimuli; and

the multiplication of acoustically presented digits by a constant.
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Procedure. The Ss were three male and two female undergraduate
‘students, aged between 19 and 2% years. Of these, two were tested
on several occasions during a period of six weeks; the remaining
three were tested on four sessions each, usually within a period of
one week. There was no strictly determined design for any specific
recording session; the duration of the tasks, the modality of stimu-
lation, and the duration of the averaged responses were varied from
one session to another, according to each S's performance.

Four kinds of stimuli were used: brief flashes of light deli-
vered from the PS-2 stimulator; digits presented visually via the
stimulus projectors mounted in front of S; pictorial stimuli (car-
toons) projected from behind S onto a screen 130 cm. in front of S
and digits spoken by E into a microphone connected to the S's ear-
phones.

The four tasks employed in the study may be described as
follows: (a) SIMPLE REACTION TIME. The S was required to press
the reaction key as fast aé possible after every stimulus. Both
visual and acoustic stimuli were used. For visual RT, a flash from
the PS-2 stimulator served as the TS; it was preceded by a 30 msec.
warning tone (900 cps., 80 db SPL) presented between 1 and 4 sec.
before the TS. For auditory RT, a 30 msec. tone (900 cps, 80 db
SPL) served as the TS; the TS was preceded by the word "ready"
spoken by E into the earphones between 1 and 4 sec. before TS.

(b) SHORT-TERM STORAGE OF DIGIT SEQUENCES. The S was required
to memorize a series of five to eight digits presented at regular

intervals of .8 sec., and to repeat the series upon the instruction
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"report" spoken by E into the earphones about 5 sec. after the end
of the series. § was given practice trials until E had determined
the maximum nuﬁber of digits S could memorize without error, and
without undue frowning or tensing of artifact-causing muécles.

(c) SHORT-TERM STORAGE OF PICTORIAL STIMULI. The S was
required to remember as‘many’détails as possible»of a complex pictor-
ial stimulus presented for a 4 sec. exposure, and to report what he
remembered upon the instruction "report" from E, about 5 sec. after
the TS. Care was taken to eiiminate eye movement artifacts on these
trials,.

(d) MULTIPLICATION OF DIGITS BY A CONSTANT. The S was required
to multiply an auditory digit stimulus, spoken by E into the ear-
phones, by a two-digit constant previously given to him by E, and
to state the product upon the instruction "report'" from E, spoken in-
to the earphones about 5 sec, after the stimulus.

The experimental sessions were not all uniform; a good deal of
the time was spent learning how to control and detect artifacts due
to eye movements, frowning, blinking, etc., and trying various ways
to record the data. Also, much attention was given to background
DC activity which affected the waveform of CNV.

The DC potentials were recorded on polygraph paper, along
with a record of eye movements., The evoked DG responses during
the various tasks were averaged on the CAT computer. At first an
epoch (sweep time) of 2000 msec. was used, but for the greater
part of the experiment an epoch of 16000 msec. was employed because

of the added information it provided. Use of the 16000 msec.
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epoch provided considerable technical difficulties, because (1) such
long averaging periods are much more susceptible to artifact than
shorter periods, and (2) the interstimulus intervals had to be so
long éhat recording sessions became dull and arduous for the S.
Nevertheless, the added information proved invaluable in under-
standing CNV_anqzplanning fur§hér;experimeﬁts.

.Résults; A typiéél_polygraphbwfitebﬁt of the DC record is
préséﬁﬁed ihhfigufé 3, fop. VIt will be noticed that no correl;
ation is present bétween,gye blinks of eye movements and the pre-
sentation of the stimulus. The record is 150 mm. in Iengthg the
paper‘speed, 2,5 mm. /sec.; therefore, this record represents
about one minute of reéording timé. There is a slight but insig-
nificant drift negative; at the end of the record the baseline is
about 40 microvolts more negative than at the beginning.

(a) SIMPLE REACTION TIME. Given a relatively stable baseline,
and freedom from other sources of artifact, the typical waveform
and amplitude of CNV during simple RT tasks is given in Figure 4,
The two top traces show how the CNV develops following the presen-
tation of the acoustic WS, and terminates affer the presentation

"of the auditory or visual TS.‘ This is the "classic'" CNV during

a period of ”expectaﬁcy;" and resembles closely the data reported
by Walter (1964). The two lower traces show control averages

taken during the same sessions, with no WS preceding the TS; they
show no CNV., The waveforms of the responses following the TS need
not be taken as typical; these waveforms vary greatly from task to

task and subject to subject, as will become evident in later figures.
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Figure 3. Polygraph writeout of (1) DC potentials, (2) eye
movemnents, (3) RT key presses, (4) onset and off-
set of WS, and (5) computer sweeps. Subject: P.M.
Arrows on channel 2 ‘indicate computer sweep epochs
are free of gross eye movements.



VISUAL

Figﬁfe 4.

- AUDITORY

Form of ONV during simple visual and auditory RT ‘tasks
with fixed foreperiods (upper traces) and without fixed
foreperiods (lower traces). Sweep time: 2000 msec.
WS: warning signal. TS: task signal. WS-TS interval:
1000 msec. N: 20. Subject: “P.A. An upward deflection
indicates a negative potential change at the vertex.
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Although the éOOO msec. sweep time provided a convenient time
base from which to study CNV, I became interested in longer-lasting
DC shifts, and conducted the rest of this study with a 16000 msec.
sweep time. Averaging such long time periods revealed two phenomena
associated with CNV which have an 1mportant bearlng on the way we
- regard shorter CNVs.i»ExampleS“of;these phenomena are given in

Figure 5. On the 1eft 31de of each trace a typlcal CNV is shown
developlng from the t1me of onset of the acoustic WS, and terml-
natlng shortly after the audltory TS. The.remalnlng part of each
trace represents the averaged DC potentlals durlng a.perlod of 31lent‘
1nact1v1ty which followed the 'CNV. - The uppermost trace shows‘no non-
random DC act1v1ty follow1ng termlnatlon of CNV; ‘the averaged poten-
tial.following CNV is flat, and the activity associated with CNV is
restricted wlthin a5 sec..period. The'middle trace‘demonstrates

a phenomenon which frequently follows CNV during task performance:

a protracted positive "rebound.'" ‘In this trace the positive going
wave of activity starts about 1.5 sec. after the TS, and lasts for

5 sec. before the DC voltage returns to its previous level. The
lower trace demonstrates a CNV followed‘by a long negative rebound
after the TS§ this phenomenonAoccurs‘frequently when intertrial
intervals arevlongtand fairlykregular_and the task overpracticed;
Although the meaning of these rebound effects is not clear, it is
important to note them because computer sweeps shorter than 16000
msec. might include only the early seconds of a rebound effect, thus
producing the mistaken impression of a positive or negative voltage

shift following CNV with no return to the previous voltage,



Figure 5.

'REBOUND' " ,

CNV during simple auditory RT task; 111ustrat1ng two kinds

of averaged DC activity which may follow CNV itself: positive
rebound (middle- trace) and negative rebound (lower. trace).
Sweep time: 16000 msec. WS: warning signal. TS: ‘task
signal. WS-TS interval: wupper and middle traces, 3000 msec.;
lower traces, 2500 mgec. N: 15, Subjects: upper and mid-
dle traces, A.S. lower trace, M.B. An upward deflection
indicates a negatlve potential change at the vertex.
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(b) SHORT-TERM STORAGE OF DIGIT SEQUENCES. During several
trials with simple RT, I had observed uegative DC shifts of much
larger and longer amplitude than CNV on the raw EEG oscillographic
record, which were apparently reiated to preparation for a trial byﬂ
S on a'verbaltcue’from'E;rJTu ofdé&fé&TéoﬁtéaiﬁrﬂéQe{sﬁifcs‘éo'that”
averaging. was.poss1b1e, S was givéﬁ a task thch'requlred sustalned
attentlon to a TS ’followed by sustaluedvrehearsal of a.respohse |
until the response was demanded by E | The tTme from TS to E s>1n-
structlon to respohd was’ constant;Aand 1t washposs1b1e to”averagev
the DC response durlng‘thls constant 1nterva1 Looefsuch taskﬁuasﬂh
the short-term storage.of dlgits presented visuaii§ or.acoustically.'
Typical records from these trlals are shown in Flgure 6, There was
a slight negatlve drift durlng the presentatlon of the TS, ‘which
became steeper in slope as the st1mu11 were termlnated, and whlch
attained an amplitude several times that of‘previously observed
CNV. Following the recall of the digits by S on the instruction
"report," the DC voltage returned to its previous 1eve1 The nega—
tive DC shift was sustalned throughout the rehearsai perlod until
the response was termlnated by S. The phenomenon was the same for
both visual. (upper) and audltory (1ower) TSs : : |

(c) SHORT TERM STORAGE OF PICTORIAL STIMULI .A slmllar 1ong;
lasting, hlgh amplltude response was’ observed durlug trials on whlchl
S was asked to store complex p1ctor1a£ stlmulr 1n‘memory ‘ Avper;od
of rehearsal followed eachu4 sec, strmulus‘presentatlon, and, as is
shown in the upper trace in‘FigUre 7, it is during‘the rehearsal

period preceding recall rather than during the stimulation period
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Figure 6.

Averaged DC activity during short-term storage of digit
sequences presented visually (upper trace) and acoustically
(lower trace). Sweep time: 16000 msec. TS: task signal.

N: 20. Subjects: upper trace, M.K.; lower trace, P.A.
An upward deflection indicates a negative potential change

at the vertex.
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Sweep time: 16000 msec. TS: task signal, Duration of
task signal: 4000 msec. N: 20. Subject: M.B. An up-

ward deflection indicates a negative potential change at
the vertex.
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that large negative DC shifts were readily elicited. Note that the
brief positive-negative waves to the left of Figure 7 are '"onset"
and "offset" SEPs to the TS. Following the TS, a negative DC shift
develops and is sustained during rehearsal until § recalls the
stimulus on the instruction "report." The lower trace showé the
response of the same S after the task had been practised and the
same stimuli were being repeated; the negative DC'shift'preééding
recall habituated in the same manner as CNV habituates when interest
or effort is reduced to a minimum (Walter, 1964; McAdam, 1967).
This implies that a direct correlation exists Between amount of
"effort" and the amplitude of these long DC shifts, and is further
evidence for considering them to be equivalent tb‘CNV..

(d) MULTIPLICATION OF DIGITS BY A CONSTANT. An example Q'f o
averaged DC responses during aﬁ auditdry'mqitiplicafion‘tASR.
(performed with the eyes.clééed) is giVen in Figure 8. In both
upper and lower traces the sfimuli.were'pfeéeded'by 3 Sec,‘By aIWS
(the word "ready"), and followed by a requéét'for_report 4 seé.
and 7 sec., respectively, after the TS.- in the ﬁwé tréces the DC
shift begins at the WS and continues untii the féport is giyeﬁ.

The SEPs to the TS in these trials are almost non-existentlbecause
the spoken digits were physically rather imprecise stimuli producing
SEPs of varied latency, not lending themselves to averaging; since
the evoked potentials to the TS are not’of primary interest here, I
do not feel that this is an important drawback to the meaning of
these results,

A more important drawback to these experiments in general is the

slow, imprecise return to previous voltage level of these large responses,



Figure 8.

Averaged DC activity during silent multiplication of acous-

tically-presented digits by a constant.
msec. WS: warning signal. TS: task signal. WS-TS in-
terval: 3000 msec, N: 15. Subjects: upper trace, P.A.;

lower trace, A.S. An upward deflection indicates a negative
potential change at the vertex.

Sweep time: 16000
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otherﬁiseHSbliike CNVA The reason for thls undoubtedly lles in"

‘.vthe w1de varlance 1n the 1atency of the SSf esponSéAEOlewing g s‘_:

}_request:ofjreport‘“

. this problem, by means of more precise control over RT, and’

“téftagshetterhaperaginghpetioa”‘lh
k;CoheluSioﬁ;{;The~cohc1ﬁsien*efithis.eiplotatotyhﬁetkv{stthatf% ,
'CNV‘ or negatlve DC. ShlftS which appear to share the charactetisttcs‘:
of CNV may be e11c1ted w1th a: w1de varlety of procedures other‘than 1i;
‘the simple "expectancy" paradlgh_usedhln:ptev1ous’exper;ﬁents;
Expectancy was not the common correlate thCNVFthrougtht_the feut{”...
different paradigms used in this study. ‘InvthezsimpleiRTbtasks,
the correlate of CNV could be termed "expectancy." But‘ih'the.shertgb
term storage tasks the correlate of CNV was rehearsal of the ceﬁtent-a
of the stimulus, and in the multiplication tasks the correlate of. |
CNV was the cognitive operation of multiplying two numbers. Ifheld
that the common factor here is the limiting of attention to a small
number of highly relevant associations for a brief period of time.
Normally attention fluctuates and progresses in a continuous stream;
of associations more or less controlled; CNV appears to developi':
whenever S rigorously limits his associat;ons, hold;ng=1n 1mmed;ate'
memory only what is immediately relevant tqhthe:tashhatlhahd;hﬁihegiv;ﬂ
particular task_at hand does:hot\mattet?—itjmay Bé'éiﬁpie teactiqn :
time, short-term'stotage‘or mpitiplicationé-except ihasmuch as it
determines the amount of effort required of §. Similarly the modality
of stimulation whether visual or auditory does not bear upon the basic

form of the response; (whether either of these factors affects the
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cort1ca1 dlstrlbutlon of CNV cannot be ascertained from thlS

study) Further 1nterpretatlon of these data 1s reserved for

fithe frnﬂllchapter.,_f:;?fﬁf

IfchV represents some cortlcal e1ectr1ca1 correlate of the SR

'"holdlng of assoc1at10ns" 1nvolved 1n any klnd of sustained con-df”;*‘"

centrat_on thewquestlon;remains:” is the neural actlvity under-

1 the proce531ng of sensory 1nformatlon rele-‘

vant to the task or 1s7the”CNV neural act1v1ty str1ct1y a "central"

_enso yaprocess1ng7 From the data

es CNV does not appear‘

S fof_the_exploratory stu “o*be related to

”-frthe TS but fbecause of the 1ong duratlon of the computer sweeps
'dand the re1at1ve1y 1mprecise t1m1ng of some.of ‘the stlmuli the
d;SEPs‘to the_TS,arednot‘clearly v131b1ev1n these results. In the

twovexperiments which follow, the question of the'"central" nature

of CNV is explored in more detail,
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.Experiment I
ThlS experlment concerns the relatlon between deClSlon t1me f-

""and the moment of termlnatlon of CNV follow1ng presentatlon of a

‘, If the

‘f'task stlmulus (TS) to wh1ch S 1s requ1red to respond

’nEstlmnius prooertres‘were not changed HoWever ?ifchV”i;fﬁgﬁ*éé?_,
lated to stlmnlus proce531ng, but rather to sone later assocratlne
h_stage of the response process--for instance, the stage at which the
TS is related to a 1earned rule~--it would be predlcted that: CNV
would terminate at a constant 1atency after dec1510n .and .show
no constant relation to the time of the TS

These two alternatives were tested in a decision task paradigm
which allowed E to change decision time without changing the
stimulus parameters of the task. A visual RT task was employed,
with an acoustic WS preceding each presentation of the TS. Vari-
ations in S's instructions regarding the rules for pressing the
reaction key allowed E to manipulate task difficulty. By giving
the appropriate instructions, E could control the RT distributions
produced by S, while leaving the stimulus parameters unchanged,
The CNV responses obtained under identical conditions of stimulation
and differing only with regard to RT were then compared and any
systematic changes in CNV that were a function of RT differences

were noted.
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Procedure. The Ss were two male and three female undergraduateﬂ;a”

students aged between 19 and 26 years.,

The TS throughout th1 ?experlment

Ievel of 27 foot 1amberts On each trial

’f'so that on any g1ven trial they were either the same or different,

'§ s instructions, that is, the rules for pressing the reaction
;key,‘were varied from session to session. Four different sets of in-
structions were used:

(a) SIMPLE RT. S was instructed to press on every stimulus,
regardless of the content. To assure that S was attending to the di-
gits and not simply to changes in brightness, he was further instruc-
ted to count the number of times during each session that the stimu-
lus array had been changed, and to report this number at the end of
each session,

(b) SAME-DIFFERENT JUDGMENTS. S was instructed to press when-
ever the two digits in the TS were the same, and not to press if they
were different,

(c) ODD-EVEN JUDGMENTS. S was instructed to press whenever the
two digits in the TS were either both even or both odd, but not if
one was odd and the other even.

(d) MULTIPLICATION, S was instructed to multiply the two digits
in the TS, and to press only if the product of the two digits was

equal to or greater than 15.




- 34 -

Trlals ‘were presented 1n blocks of 80 of whlch approxlmately

';5ha1£ were "press" andfh’lf "no press" trlals Interprlalﬁlntervals;;

The.procedure for recordlng DC potentials, eye movements, eﬁd“g;_

 tstrmu1es.events Qas the same as reported in the previous sectlon
In addition, S's reaction time (RT) was recorded. The RT distri-"
butions produced by S Qere examined periodically during the practice
sessioes, and when the variance of the responses was sufficiently
low, an input channel of the average-response computer was opened
for 20 successive 'press' trials so that the CNV during these trials
could be averaged and compared with the corresponding RTs, RT
variance was judged to be sufficiently low when 90% of the RTs fell
within 20% of the mean RT. 1In pilot work, I found that EPs averaged
from stimuli with low-variance at RT distributions, were much more
defined than EPs everaged from stimuli to which RTs had varied
greatly., Thus I insisted upon low-variance at RT distributions for
averaging.,

The particular tasks used to demonstrate the relation.between
RT and CNV differed from one S to another, because of individeal
differences in performance. For each S, E selected two or three
tasks whose RT distributions differed from one another, and whose
RT variances were within the acceptable range described above, and

used them in the actual averaging sessions when CNV was recorded.
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Resﬁlts; Selected averaged reaponses of the 5 Ss, along with'
:hthe correspondlng mean RTs, are presented in'. Flgures 9 10 11

.ﬂ¥and 12 for detalled dlSCUSSlon _ Supplementary data are presentedtffv

;}1n Appendlx 1 »ff

most trace in Figure 9 is the averaged responseitakehfdprlng&th

performance of task D (Multiplication). CNV reachesva;makimpm;dt}

30 cv. at the time of the TS. 1Its return to the pretriaifpdltage'
level (indicated by the line emanating from the start of tHé??;é?;ééa:”
response) coincides approximately with the position of the RTbhratdiivfg ;i;
gram which ranges from 420 to 600 msec. The second trace is thedaaﬁehl'ﬁ'
S's averaged response, in the same session, during performance of‘ |
task B (Same-different Judgments). 1In this case CNV reaches a max-
imum amplitude of 48 xv. at the time of the TS, and its return to
pretrial voltage level coincides again with the RT distribution,
which ranges from 400 to 500 msec. Finally, the lowest trace repre-.
‘sents the averaged response of the same S in the same session during
perfdrmahcenof task A (Simple RT). The CNV amplitude in this trace
is 34 GV 'at the TS, and the slope of its return to the prevrous‘
voltage level is ‘much sharper than in the previous two'averaged res-
ponses, coinciding approximately with the RT distribution, which
ranges from 200 to 300 msec.

In Figure 10 the same juxtaposition of RT distributions with

averaged responses is shown for another S, whose RTs were consistently



- Same-Different ¢

~ Judgements

 Simple Visval

RT

Figure 9.

© MRT=250.26

WS TS RT
CNV during three different RT tasks using identical stimuli:
multiplication of digits (upper trace), same-different
judgements (middle trace), and simple visual RT (lower trace).
Sweep time: 2000 msec. WS: warning signal. TS: task
signal. WS-TS interval: 1000 msec. RT: frequency histo-
gram of distribution of RTs. MRT: mean reaction time,
measured from TS omset. N: 20. Subject: T.D. An up-
ward deflection indicates a negative potential change at
the vertex.
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71onger and more varled thanﬂthose,of;the §.in.Figure'9. " The cor-

‘€Tre1at10nﬁbetweeniRT and CNVif;

Wythj3OZ of the RTs between
.:bjuxtaposed to the other two responses in FigureIiO
unambiguous, so it is used in the data analysis.

“ this trace is relatively low--only 10 uv. at the TS, andAbécausego

this the positive wave that is the SEP to the TS may be mistaken for .

the point of termination of CNV. In fact, CNV does not return to

- previous voltage level in this trace, because the time base is not

1:iong enough. However, the positive slope starting from the nega-
tive.peak 680 msec., after the TS is presumably the start of the re-
turn:toboreﬁious voltage level and it corresponds roughly to the RT
distribution.

» Vt The‘second trace in Flgure 10 helps to clarlfy the events 1n:

o »the flrst trace ' CNV in thlS case is hlgh enough in amplltude (30

Cavy) that the SEP 1n response to the TS cannot be confused w1th the {ﬂf"““ o

'return.to prev1ous voltage 1eve1 ot CNV ‘whlch occurs about 980 msect_
after-TS -or roughly 400 msec. after the RT dlstrlbutlon, whlch‘ |
ranged from 400~ 600 msec. In the thlrd trace, CNV amplltude is
again about 30 Jv.'and the return' to prev1ous voltage 1eve1 of CNV o
occurs about 450 msec. after TS, or roughly 150 msec. after the RT

distribution which ranged from 250 to 300 msec.



Odd-Even

Judgements

Simple Visual

-.f..
L .

x ﬁ{%ﬁ __.MRT.;.,3'::3':_(_').'4.71__; o

1 Figufe'iO{:CNV-duringifhfee'difféfehf RT tasks using identical stimuli

multiplication of digits (upper trace), odd-even judgements
(middle trace), and ‘simple visual RT (lower trace). Sweep
time: 2000 msec. WS: warning signal. TS: task signal.
‘WS-TS interval: 1000 msec. RT: frequency histogram of
distribution of RTs. MRT: mean reaction time, measured
from TS onset., N: 20. .Subject: E.G.R. An upward def-
~lection indicates a negative potential change at the vertex.

é
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"in'Fignfefliveinilaf data are‘presented for another S. CNV

"v"_x" . u Lo
S o o . B

H’f?amplltudes from the two traces are, respectlvely, 17 uv. and 28 uv.

In Flgure 12

w'two"'traces; a e-presented w lCh demonstrate the

| It,ﬁ_ 'i‘s*' 'shownj;;he.r‘e that-‘si‘-flvs s"-m'c)'tiva'tional"

?1eve1 is suetalned CNV w11i net habltnate“eonpletely, and the eor-dvhv
>d”Fre1ataen between“dutatton ofHCNV and kT Q111 ‘continue to bevfound 1na“
lateaasjwell.as iﬁ»ear}y triais, vThe,nnpermoet ttaeevinnthnre_IZ
diekthelsane’aspthe'1ewet tfaee,in Fignrehli; The bottom‘ttace in
.Figure.iZIis a simiiar:averagedhresponse tahen during §ds perfor-
dV.manee'ef-theféamertaeh}bntvafterhaegreat’deal mofe:nraetice. Note
'that:RT héé'éhdétéﬁea slightly hnt notﬁeignificantiy, and the time
of return’ to the prev10us voltage 1evel of CNV is unchanged when
hcompared to the nppermost;trace ‘ Interestlngly the SEP to the TS is
.muehdlarger in the 1ater trlals,blthe exact cause of this is not
evident, but_cduld nossibly relate to a practice-related reduction
of the variance of the late components of the SEP, sometimes called
thevVertenbwaveiﬂ Such reduction in variance would enhance the signal-

to-noise ratio of the signal, making it appear higher in amplitude.
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Same— “Div_vf‘_fe’__rent -

~ MRT=625.78

Figure 11. CNV during two different RT tasks using identical stimuli:

: simple visual RT (upper trace), and same-different judge-
ments (lower trace). Sweep time: 2000 msec. WS: warning
signal. TS: task signal. WS-TS interval: 1000 msec. RI:
frequency histogram of distribution of RTs. MRT: mean re-
action time, measured from TS onset. N: 20.- Subject: E.
G.R. An upward deflection indicates a negative potential
change at the vertex.
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(#100-140)

Figure 12,

- MRT=594.66

CNV during early (upper trace) and late (lower trace) trials
of a selective RT task requiring same-different judgements.
Sweep time: 2000 msec. WS: warning signal. TS: task
signal. WS-TS interval: 1000 msec. RT: frequency histo-
gram of distribution of RTs. MRT: mean reaction time,
measured from TS onset. N: 20. Subject: E.B. An upward
deflection indicates a negative potential change at the
vertex. '



'_‘Conciusion; From the results of Experlment 1 it is evident
- that a correlatlon ex15ts between the duratlon of CNV and decision

'“rd;tlme ' and conversely that CNV duratlon and the tlmlng of the TS .

fiare'lndependent of onejanother. ﬂThlS conflrms one of the generaL =

ed 0 1y that some response was 1nvolved in the task and R

consequently, that S had to momentarily limit his range of assoc1~i§'ff7'“”“'

a t ons;ln order to concentrate on the task,
=The 1ndependence of CNV duration from the timing of the TS 1s i
 t ong,behav1ora1 evidence that CNV is not concerned with. the pro?:“"y"”””

:cessinglof‘stimuli per se, even in a task contingent: upon a TS

”3_6w¢>‘r; correSpondlng electrophy51olog1ca1 ev1dence that CNV ls
'K"dlstlngu1shab1e from the late "nonspeCLflc" _components of the
corticaleEP to“exteroceptive stimulation would enlarge our under-

fstanding of this independence. It is with 'such evidence that

Experiment 2 was céoncerned.
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Experiment II

;   yinvfhis experiment I attempted to determine the relation of
‘.éNV gé'the human "nonspecific'" cortical response to exteroceptive
]:sti@uiétion, as measured by averaged sensory evoked potentials
.ﬁkSEP).1 Know1edge of this relation, whether it be one of inter-
' ;dépénAénCe or of independence, is of critical importance in
aéséssiﬁg the functional significance of CNV. If the SEP and CNV
"~ are intérdependent--that is, if SEP amplitude is clearly a function
of CNV amplitude--it would follow that both phenomena are functions
of a single underlying neural process. If they are independent of
one another, then it would follow that the events underlying CNV
are at least to some extent separate from whatever processes are
responsible for SEPs.

In order to test the relation of CNV to the SEP it was
necessary to measure the SEP during the course of CNV, rather than
near the time of presentation of the TS, when CNV begins to slope
sharply, as was seen in Experiment I. The reason for this is that
the SEP in response to the TS can be distorted in the direction of
the slope of CNV because the two responses summate. An example of
such distortion is given in Figure 13. The lower trace shows a
CNV during a simple RT task; note that the SEP in response to the
TS is almost completely obscured because of the sudden positive
wave caused by the termination of CNV. The middle trace shows a
CNV to the same task from the same S, with a more gradual return of
CNV to baseline, and hence a more gradual slope; the SEP to the TS
here is less distorted, but still follows the slope of the DC

activity. Finally, in the top trace, a similar SEP from the same



Figure 13.

iy | Medium Slope.

~ Sharp Slope

‘Distortion of the SEP by CNV;; Upper trace: SEP superimposed

on relatively flat CNV.. Middle trace: SEP superimposed on
CNV at time of gradual return to pretrial voltage level.

‘Lower trace: ' SEP superimposed on CNV at time of abrupt re-

turn to pretrial voltage level. Sweep time: 2000 msec. WS:
warning signal. TS: task signal. WS-TS interval: 1000
msec. - SEP: sensory evoked potential in response to TS. N:
20. Subject: T.D, An upward deflection indicates a negative
potential change at the vertex.
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S 1s shown superimposed on a relatively flat CNV which is sustained
for the whole duration of the trace. Note that the SEP here appears
to be relatively undistorted.

’In~the‘two lower.traces it is impossible to determine whether
hthe amp11tude of the SEP has been modified by CNV since the real

T nveform of the SEP has been obscured at least in part by summation

slower"actfyityuwhlch summates w1th the SEP should be as flat as
p0551b1e'dur1ng the perlod of the SEP to the sthulus In addltlon

to. av01d1ng_dlstortion of the SEP a study of the 1nteractlon of ™

'TfftheﬁSEP andfCNVvshould take lnto account varlatlons in- the SEP due .

i‘liflto attentlonal factors whlch may be 1ndependent of CNV 1tse1f

'fib bothvofAthesebrequ1rements‘ aV01d1ng dlstortlon of the SEP ).b
yhvand‘controllrngAattenttonal factors,'were'metrln\the followingb
exoerlment‘. S berformed ‘a selectlve RT task with a flxed foreperlod
'dof 1500 msec, Once S had become accustomed to the’foreperlod and
his CNV was fully deyeloped sensory stimuli were oresented during
"theboccnrrencevof CNVF,VIhe SEPs,to these stimbli,.superimposed }
upondthefcorresponding.CNVs{ were averaged on the CAT;compnter.

‘bThe experiment is presented in two'sections. -The‘first part
presents evidence that  the presence or absence of CNV does not
alter the late components of the SEP. The second part demonstrates
that induced changes in the amplitude of SEPsdue to changes in

stimulus relevance are independent of CNV.
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DC SEP During Sustained CNV

Procedure. The Ss were seven male and six female students aged
between>20 and 27 years. Seating of Ss and electrode placements
were as described in the General Method section. The Ss' DC poten-
tials, eye movements and reaction times were recorded on avpolygraph,
'along,with'a,recbrdnof stinulns events.‘:ThroughOUt the'experiment S
c;berformed a selectlpe RT task The TS\nasathe 5émé*a§-in EXperiment
dI, except thatklnstead.nf two dlglts, rt consrsted of a s1ng1e digit.

:S was 1nstructed to press the reactlon key as fast as p0331b1e when—

'“{Leverﬁan'even*number'appeared on thetscreen ' s' 5 DC potentlals during

{perfdrmaneevof the task were averaéed on:the CAT" computer in: epochs
ij?&of 2000 msec ‘ Trials were presented 1n blocks of 200 ‘of Wthh half
:’;were "press" and half o press" trlals.' Intertrlal intervals were

:lfandomly ordered and ranged from 3 to 6‘see, in"duratien.

";TheFRT task was performed under'three'conditions:

(a) NO WARNING SIGNAL. The TS was presented at'irregular in-
.ternals. S had‘no precise timing signal by which to anticipate the
TS.

‘(b) FIXED FOREPERIOD. 1In this condition the accoustic WS
deseribed in Experiment I was presented 1500 msec. before the TS on
all trials.

(c) FIXED FOREPERIOD WITH OCCASIONAL SHORTER FOREPERIODS. In
this condition the WS was presented, as above, with a fixed foreper-
iod of 1500 msec. before the TS, but only on 90% of the trials. On
the remaining 10% of the trials, randomly distributed throughout
the session, either the TS, or an irrelevant flash of white light

of about the same area and luminance as the TS, was presented 500
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or 1000 msec, after the WS. For any given session, the shorter fore-
period was either 500 or 1000 msec. in duration, never both. For
any given SeSSlon, the stlmulus presented with the shorter fore-
H‘perlod was either -the flash or the dlgit never both, | The S was
"rhlnstructedjto concentrete on. produc1ng the shortest possible RTs

~dur1ng the more frequent foreperlods Thls was to force him to

fconcentrate on'the 1500 msec foreperlod and to minimize any

3tendency to predlct the occa51ona1 shorter foreperiods.

<The flrst two condltlons were used only as controls, The

'eptgoutcome of the experlment hlnged 1arge1y on the thlrd condition,

’gfln whlch 1t ‘was attempted to superlmpose an SEP on an evenly

:'[fwsustalned CNV Under the th1rd condition, the S's concentration

o waS'tlmeflocked‘to the more frequent 1500 msec. foreperiod.
"deecause of this, CNV was often successfully sustained for the full
:1500 msec, .even on the shorter foreperiods used on 10% of the trials,
and‘thus it lasted throughout the time period of the SEP to the TS
”on:those latter trials., By averaging the DC record for 2000 msec,
after WS.on.the 10% of the trials with shorter foreperiods it was
:poséible.to observe both the’CNV, and the SEP to the stimulus
dggperimpoeed on the CNV. This technique was difficult inasmuch as
‘s afterlégveralkhundred trials:often became aware of the relative
frequency of the ehorter foreperiods. When this happened, CNV
usually did not remain time-locked to the 1500 msec. foreperiod,
and thus was not sustained throughout the 1500 msec. period on the
infrequent trials. This distorted the SEP and defeated the purpose
of the experiment. However, S's concentration upon the more fre-

quent foreperiod was sufficiently strong in over 50% of the sessions,
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that CNV persisted 1500 msec. even on the infrequent shorter
foreperiod trials. The Results section is based on the data of
such sessions.

The criterion for judging the strength of S's concentration
on the 1500 msec. foreperiod was the waveform of the averaged DC
response during the corresponding block Sf trials. Typical wave-
forms are illustrated in Figure 14. Note that CNV in the upper
trace is éustained until the point in time at which the more
frequent TS would have been presented, despite the fact that the TS
was presented at 500 msec. This is taken as indication that CNV was
well time-conditioned. 1In the middle trace CNV was not sustained;
note that CNV returns to the pretrial voltage immediately after
the TG, just as in condition 3 shown in the lowest trace, thus
distorting the SEP to the TS, The middle trace is typical of weak
concentration, that is S was not producing a CNV for 1500 msec. on
every trial. Only those traces which basically resembled the wave-
form of the uppermost trace were selected for use in the Results
section. Because there is slightly less probability of movement
artifact on '"non-press" trials, all the traces in this analysis
were averaged during 'mon-press' trials exclusively.

Results. The averaged DC responses obtained from the 13 Ss
are presented in Appendix 2. Several selected traces are presented
in Figures 15, 16, 17 and 18, for detailed discussion.

In Figure 15, four averaged responses obtained under conditions
1 and 3 are presented. The top two traces were obtained under
identical conditions, with the TS presented at 1000 msec. on 10%

of the trials. 1In both, CNV appears to have continued throughout
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Figure 14. TIllustration of a '"sustained" CNV. Upper two traces: res-
ponse averaged during occasional shorter foreperiods, under
condition 3. Note that in the uppermost trace the DC vol-
tage immediately after the SEP is the same as immediately
before the TS: this is considered a "sustained" CNV, due
to the fact that S was concentrating on the longer, more
frequent 1500 msec. foreperiod. In the middle trace, the
DC voltage immediately after the SEP returns to the pretrial
level: thus CNV is not '"sustained" in this case, and the
SEP could not be seen clearly because of distortion. Lower
trace: CNV obtained under condition 2; note that the DC
level drops immediately after the TS, and remains at the
pretrial level. Sweep time: 2000 msec. WS: warning sig-
nal. TS: task signal. WS-TS interval: upper trace,

500 msec.; middle and lower traces, 1000 msec. FFP: time
of termination of 1500 msec. frequent foreperiod. SEP:
sensory evoked potential in response to TS. N: 20. Subject:
T.D. An upward deflection indicates a negative potential
change.
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the SEP in response to the TS. Although there are variations in
the earlier components of the SEP, the basic form and amplitude
’of thejiafge positivevlate waves in the two upper traces are
“vifthéily'§imilar. Amplitude of the positive wave starting about
ZOOIﬁééc;'after the stimu1usiis 30 uv. in both. cases.

,"Ihéjthifd tface_Was‘aléo obtéiﬁed;una§r c6ﬁditipn 3, but the
TS'WASLpféééntéd 5OO mse§; after:ﬁhe'ﬁS'éﬁ 10% 0£ fhé‘triais;. v
éppéaréi£Q ha§e béen sustainéd,tﬂfOQghout the:SEP to the;displaceak
TS;‘éince_fﬁé>SEf terminates at thé_same DC»léVei as prevailédiat
»thelTS’pfeséntatidn.‘:CNV then contiﬁues to go'furthgr negative,
reacﬁing'a‘péak:amplitude of about.ﬁo uv, at the end of the_moré
frequént 1500»ﬁsec. foreperidd, then élowly’feturning_to baseline.
The form and amplitude of the SEP are similar to those of traces’
1 and 2. |

The‘fourth trace, obtained under condition 1, provides a
control for the upper three. There is no CNV during this trace;
such fluctuations in the baseliﬁe és are present in this trace are
not uncommon when the N is as small as 20. The overall amplitude
of the large late wave is not significantly different from the
upper three traces. The small negative peak superimposed on the
large late positive wave is not present in the upper traces; the
meaning of this peak is not clear. However, the important fact
illustrated by this trace is that CNV does not appear to attenuate-
the late wave of the SEP. The fluctuations in the early SEP com-
ponents are also clearly unrelated to CNV in these traces: the
early components are large in traces 2 and 4, and small in traces

1 and 3.



Figure 15.

SEP to the TS, superimposed on sustained CNV. Upper three
traces: responses were averaged only during occasional
shorter foreperiods, under condition 3. Lower trace: res-
ponse obtained under condition 1, with no WS. All traces
were obtained during a single testing session. Sweep time:
2000 msec. WS: warning signal. TS: task signal. WS-TS
interval: upper two traces, 1000 msec; third trace, 500
msec., SEP: sensory evoked potential in response to TS.

N: 20. Subject: R.K. An upward deflection indicates a

negative potential change at the vertex.
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Thus two general findings energe fron Figure 15. First, slight
fluctuations in waveform occur independently of the presence or ab-
sence of CNV. .And second,vthe overall amplitude of the SEP is not
affected in any‘oonsietent way‘when it is superimposed on a fairly:
flat CNV thesevfrndings are reinforoed byhthe remaining evidence
presented 1n Appendlx 2., | |

| Although the SEPs of.most Se were predonrnantly positive in
.polarlty, two Ss produced con31stent1y negatlve SEPs, this prov1ded
u“an opportunlty to study the relatlon of SEP polarlty to CNV. 1In
Flgure 16 two predomlnantly negatlve SEPs are presented In the
upper trace, CNV is about 15 uv, in amplltude at the TS, and appears
to have been sustalned throughout the time of the SEP to the TS. The
lower trece was:. obtalned under condltlon 1 ' Note that the SEP is
essentialiy”the}same as‘in the upper trace, despite the absence of
CNV. Theee;date; taken in conjunction with those of Figure 15 and
Appendix 2,ddenonstrate that the polarity of the SEP does not affect
the independenoe‘of the SEP from CNV.

In Figuree 17 and 18, data similar to those in Figures 15 and
16 are presented, but for the flash stimulus, delivered earlier than
the usual TS on 10% of the trials. 1In Figure 17 the uppermost
trace is the’averaged response under condition 3. CNV at time of
stimuius reached ‘an amplitude of about 30 uv. The second trace is
a control trace, obtained without a WS, under condition 1. The
third trace shows the averaged response to a stimulus presented
again under condition 3. CNV at the time of the flash was 27 uv.
and the SEP is similar to that of the first trace. The large posi-

tive wave of the SEP at 180 msec. after the flash stimulus is
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SEP to the TS, superimposed on sustalned CNV. Upper trace:
response was averaged only durlng occasional shorter fore-
periods, under- condition 3. Lower trace: response obtained
under condition 'l with no WS. Both traces were obtained
during a single testing session. Sweep time: 2000 msec.

‘WS: warning signal,. TS: task signal. WS-TS interval:
‘ upper trace, 500 msec. SEP: sensory evoked potential in

response to TS. N: 20. Subject: G.T. An upward def-
lection indicates a negative potential change at the vertex.



Figure 17.

SEP to a flaéh,YSupefimposed 6nJSustéined CNV. Upper
trace: response was averaged only during occasional

- ghorter foreperiods, under condition 3. 'Middle traces:

response obtained under condition 1, with no WS. Lower
trace: response was averaged only during occasional shorter
foreperiods, under condition 3. All traces were obtained
during a single testing session. Sweep time: 2000 msec.
WS: warning signal. WS-Flash interval: upper trace, 500
msec.; lower trace, 1000 msec. SEP: sensory evoked
potential in response to TS. N: 20. Subject: R.K. An
upward deflection indicates a negative potential change at
the vertex.
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Figure 18, SEP to a flash, superimposed on sustained CNV. Upper two

traces: response was averaged only during occasional shorter
foreperiods, under condition 3. Lower trace:
tained under condition 1, with no WS.

tained during a single testing session.

response ob-
All traces were ob-
Sweep time: 2000

msec. WS: warning signal. WS-Flash interval: upper trace,
1000 msec. SEP: sensory evoked potential in response to TS.
N: 20. Subject:

P.M. An upward deflection indicates a
negative potential change at the vertex.

’
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similar in all three traces. This constitutes evidence that the
SEP in response to an irrelevant stimulus is also independent of
CNV itself. This finding may be confirmed in Appendix 2,

In Figure 18 similar data are presented for an S whose SEP
was predominantly negative in polarity. The results are again
the same: the late components of the SEP,do not change under
varying condltlons of CNV No SLganlcant dlfferences ex1st among
the 1ate components‘of the SEPs in Flgure 18 ‘,There.are differentes
between the three traces in. the ear11er negatrue.mane'at 100 msec.
whlchare greatest 1n the upper trace(hhhut; as mentloned.above
'varlatlons in thrs earllerdwave are common in these exPerlments'
and apparently not systematrcally related to CNV itself |

In summary, the data of Flgures 15 to 18 support the hypo-:‘
thesis that CNV and the late components.of the DC SEP in response
to visualistimulation_are functionaily independentpof'one another.
When experimental conditions are manipulated so that the SEPvish
superimposed upon a reiatively flat CNV, it can be seen that the
late DC SEP is virtually unchanged during CNV, whether or not the

superimposed stimulus is similar to or different from the TS.

The Effect of Stimulus Relevance on the DC SEP
During Sustained CNV

Procedure. The Ss were two male and three female students aged
from 19 to 26 years. The stimuli employed were the same @s those
used in condition 2 of the first part of this experiment. The TS
consisted of two digits, instead of one, and S was required to press

the reaction key whenever the two digits in the TS were the same,
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and not to press when they were different. Trials were presented
in blocks of 200 with the same timing as in the first part of this
experiment, After the initial practice period of about 50 trials,
a flash of white light was presented during the fixed foreperiod

between WS and TS, 800 msec. after the WS, on 10% of the trials ran-:

domly interspa$ed Slnce the TS was. presented on. all trlals, 1nc-f:,bf_=

1uding the 10% w1th a. flash at 800 msec., S s concentratlon on the .
:foreperlod was good and always served to sustaln CNV unt11 the TS athlk
mlSOO msec. - By averaglng for‘a‘2000 msec epoch after the WS .ftkwas°;s
pOSSlble to observe the SEP to the 1nfrequent flash superlmposed on'
CI The reason the flash at 800 msec was presented on only 10% ,1
'of the trlals was so.that S w0uld not use it, rather than the WS;’lll
as a'timlng'51gnal;. | | |

-The signlficance to S‘of the infrequent flash of light was
‘varled 1n two ways. bn half the. sessxons S was instructed to ig-
hore the flash of llght, and to.concentrate only on the TS which
‘always appeared 1500 msec, after'the WS. On the other half of the
sessions, the flash ef light Was made relevant. S was instructed

to change the rule for pressing the reaction key whenever the flash
occurred between the WS and TS: instead of pressing when the tho
digits in the TS wete the saﬁe,lhe was to press when they were dif-
ferent. The DC recofdeas averaged during the flash stimulus trials
only, o |

The methods for recording the DC potentials and eye movements
were the same as in the previous part of this experiment.
Results. The results are presented for discussion in Figures

19, 20, and 21.
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Figure 19. SEP to a flash during the fixed foreperiod of a selective RT
task. The responses on the left were obtained under the
Relevant condition: that is, when the flash of light appeared
S was required to change the rule for pressing on that trial.
Those on the right were obtained under the Irrelevant con-
dition: that is, S was instructed to ignore any. stimuli
other than the TS. The upper two traces were from session 1;
the lower two traces, from session 2, one day later. Sweep
time: 2000 msec. WS: warning signal. TS: task signal.
WS-TS interval: 1500 msec. WS-Flash interval: 500 msec.
SEP: sensory evoked potential in response to flash. N: 20,
Subject: E.B. An upward deflection indicates a negative
potential change at the vertex.
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Figure 19 presents four averaged responses obtained during the
irrelevant and relevant sessions, Note that in all traces the am-
plitude of CNV was about 10 uv. at the time of the flash stimulus.
Two findings ewerge from Figure 19, First, the SEP in response to
the flash was smaller during the relevant condition than during the
irrelevant condition. Second, in both conditions, following the SEP
to the flash and coinciding approximately with the time of the TS,
there was a very large negative DC shift which peaked at about 30 uv.
in each trace. The slope of this negative wave was so sharp that
the SEP to the TS was obscured.

In Figure 20, the corresponding data are presented from two
other 8s. Note that the SEPs in response to the flash for these two
Ss are not smaller in the relevant condition: 1if anything, the op-
posite is true, Therefore, it cannot be claimed on the basis of
these data that any consistent relation holds across subjects bet-
ween the SEP and the relevance of the flash. However, the second
finding in Figure 19 is corroborated in these two Ss: a negative
wave follows the flash SEP. It is possibly a continuation, or amp-
lification, of CNV preceding the flash. The slope of this negative
wave is such that the SEP to the TS is obscured, as in Figure 19,

To see more clearly the timing characteristics of this negative
wave, one averaged response was studied with the TS presented at
1000 msec. and the flash at 500 msec. after the WS. This allowed
for a more complete record of the activity following the TS within
the limits of the 2000 msec. computer sweep. These averaged res-

ponses are presented in Figure 21. The negative wave following the
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Figure 20.
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qush ; f

SEP to a flash during the fixed foreperiod of a selective
RT task. The responses on the left were obtained under
the Relevant condition: that is, when the flash of light
appeared, S was required to change the rule for pressing
on that trial. Those on the right were obtained under the
Irrelevant condition: that is, S was instructed to ignore
any stimuli other than the TS. Sweep time: 2000 msec.
WS: warning signal. TS: task signal. WS~-TS interval:
1500 msec. WS-Flash interval: 800 msec. SEP: sensory
evoked potential in response to flash. N: 20. Subjects:
upper two traces, R.D.; lower two traces, A.B. An up-

ward deflection indicates a negative potential change at
the vertex.
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Figure 21.
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WS  Flosh TS

SEP to a flash during the fixed foreperiod of a
selective RT task. Lower trace obtained under
Relevant condition: that is, when the flash of
light appeared, S was required to change the rule
for pressing on that trial. Upper trace obtained
under the Irrelevant condition: that is, S was
instructed to ignore any stimuli other than the TS.
Sweep time: 2000 msec. WS: warning signal. TS:
task signal. WS-TS interval: 1000 msec. WS-
Flash interval: 500 msec. SEP: sensory evoked
potential in response to flash. N: 20. Subject:
R.D. An upward deflection indicates a negative
change at the vertex.
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flash appears to be a continuation of the CNV starting after the WS.
In both traces the amplitude of CNV at the flash is 154w. The SEP
to the flash is considerably higher in amplitude during the relevant
flash condition. Despite this difference in amplitude, the timing

of the SEP and the negative wave which appears to be a continuation
of‘¢NVvare precisely the same under both conditions. The CNV re-

‘ ﬁﬁrh$ to preQious voltage level shortly after the TS, and there
;‘éPééé;s.tb Be_later ﬁ:ebound" DC activity such as that described in

i ﬁhé expi6raﬁbfy stﬁdy.

ib.,“ihzsumméry, the dafa_of Figures 19 and 21 add further support
. £6Lth§ hypothesis of the independence of CNV from the SEP. The am-
plituée»qf:SEPs in response to relevant and irrelevant flashes of
wﬁité‘light varied with changes in the significance of the flashes

to S. ”Tﬁe direction of these variations differed from one § to anot-
Hef;ﬁbut the variations were not apparently related to CNV, since CNV

amplitude and waveform were the same under the two conditions.
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GENERAL DISCUSSION

Before discussing the functional significance of CNV, it is in
order to review the available evidence on the behavioral correlates

and neurophysiological substrates of CNV,

Behavioral Correlates

In Walter's original experiment (1964) the typical paradigm
for eliciting CNV was a sequence of three events. The sequence don-
sisted of, first, a WS, followed by a TS, and followed immediately
by a response to the TS. CNV occurred during the WS-TS interval,
Other experiments demonstrated that none of these three events was
essential to the sequence. CNV or a DC response of the same polarity
was elicited in the absence of an overt response by S (Walter, 1964),
in the absence of an external WS (Kornhuber & Deecke, 1965), and in
the absence of an external TS (McAdam, 1966). Therefore the behav-
ioral correlates of CNV could not be described in terms of specific
patterns of external stimuli or responses. Walter (1964) held tﬁat
the behavioral correlate of CNV could best be described in terms of
an internal state. The internal state corresponding to CNV he called
"expectancy.'" However, Rebert et al., (1967) showed that a state of
expectancy was not always accompanied by CNV; in addition to being
in a state of expectancy, S had to be highly motivated regarding the
expected event in order to sustain CNV.

The question.remained whether CNV is a correlate solely of ex-
pectancy, or whether it also occurs during other types of behavior.

My experiments were aimed at answering this question.
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My exploratory studies were designed to determine the behavioral
correlates of CNV within a broader range of performance than was used
in earlier studies. My studies showed that CNV indeed occurs during
performance of a variety of tasks which may not involve expectancy,
but involve other cognitive functions, such as short-term storage and
rehearsal, and cognitive operations, such as multiplication, A fea-
ture common to all these tasks was termed "time-locked concentration."
Such concentration is characterized by a temporary stopping of the
normal flux of what James (1890) called '"the stream of consciousness."
It is further characterized by a focusing of attention on a narrow
range of associations for a prolonged period of time, that is, a holding
of associations.

The question then remained whether concentration accompanied
by CNV subserves the classification and channeling of sensory infor-
mation, or whether it subserves primarily the response selection’
process. Experiments I and II dealt with this question.

In Experiment I it was demonstrated in selective reaction time
tasks that a correlation exists between the duration of CNV and dec-
ision time, and conversely that CNV duration and the timing of the TS
are independent of one another. This constitutes evidence that the
processes underlying CNV are not concerned primarily with sensory
information, even in a task contingent upon a TS.

In Experiment II it was demonstrated that the late components of
the SEPs were not altered during CNV. Taken in conjunction with the
results of Experiment I, this constitutes Ffurther evidence that CNV

may be dissociated from sensory events and sensory processing. Taken
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in conjunction with the results of the exploratory studies, Exper-
iments I and II indicate that CNV is a correlate of the response
selection process. Specifically, the response selection process may
be described as sequential associative activity subserving rules and
programmes for response, or more generally, the sequences of response-
relevant ideas.

Therefore the'behavioral correlate of CNV may now be aescribed
as timed concentration upon a specific set of associations relevant

to the sequences of ideas.

Neurophysiological Substrates

What kinds of cortical activity that produce surface negative
DC shifts might also serve to "hold" associations? The two most prob-
able‘sources of sustained surface negative potentials with the timing
cﬁaracteristics of CNV are, first, excitatory PSPs in the apical den-
dritic arborizations of pyramidal cells, and inhibitory PSPs on the
somas of pyramidal cells (O'Leary & Goldring, 1964; Morrell, 1967).
DC shifts measured from the surface result from changes in the in-
hibitory-excitatory balance between the dendrites in the uppermost
layer of the cortex and the cell somas in deeper layers, mostly in
layer 3., Surface excitatory PSPs and inhibitory PSPs in deeper
cortical layers both change this balance in the same direction, pro-
ducing a surface-negative DC shift,

Fromm and Bond (1964) have demonstrated decreased firing rates
in cortical neurons coincident with surface-negative DC shifts. This
provides some support for the hypothesis cthat inhibitory mechanisms

play a role in CNV. It is improbable that excitatory dendritic PSPs



- 53 =

play a dominant role in producing CNV, because in an alert S in-
creased cortical activation might serve to disorganize neural firing
patterns, rather than making firing patterns more circumscribed, as
might be required for sustained concentration. On the other hand, in-
hibitory PSPs on the somas are a more.likely source of CNV because a
burst of massive inhibition might serve as a selector device by gen-
erally raising thresholds of pyramidal cells and thus reduce the num-
ber of cells any given cell could excite, _This would improve. the sig-
nal-to-noise ratio between task-related firiﬁg'patferns and irrelevant
background activity.

In contrast to the 6rigin Qf CNV in cell sdmaé, the origins of
the late components of the SEP are probably in dendritic potentials.
A recent review of thebliteraturevby Goff (1967)lsuggests that the
late édmponentsnof'theﬂSEP involve transmission ih commissural struc-
tures, and particularly in the coréus callosum.'vA view of the late
SEP as a product of changés in the inhibitory-excitatory bélance in
dendritic arborizations mediated by‘commissural structures, combined
with a view of CNV as a product of sustained inhibition at the cell
somas, might resolve a problem raisea by the results of Experiment II.
This experiment showed thaf CNV and the SEP summate rather than inter-
act. This is consistent with the supposition that inhibition at cell
somas in layer 3 would not interfere with changes in the inhibitory-
excitatory balance ﬁithin the dendritic arborizations, and thus the
inhibition underlying CNV would summate in a surface recording with
the waves of the late SEP,

This neural model for CNV and the SEP would be consistent with
a fairly simple horizontal-vertical schema of cortical conduction

circuits. Envisage the late SEP as representing.a largely horizontal
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transmission circuit involving commissural fibres and longitudinal
association tracts; and CNV as representing a largely vertical (i.e.,
radial to the surface convolutions) transmission circuit affecting
only the activity in pyramidal axones, which eithgr climb to the sur-
face arborizations to form small loops or descend into subcortical
tissue to participaté»in‘larger circuits. 1In such a schema, obviously
oversimplified, the processes_responsiblevfor CNV would allow "hori-
zontal"bpatterns of ﬁeurél firing to continue unaltered, while '"ver-
tical' patterns would be modified. This would account for the obser-

ved independence of the SEP and CNV.

Functional Significance

In the Introduction I argued that neither of the two theories of
the functional significance of negative cortical DC responses which was
déveloped on tﬁe basis of studies of infrahuman species was compatible
with the existing literature on CNV. The activation hypothesis (Arduini,
1961; Rowland, 1964) cannot deal with the fact that both positive and
negative responses may be elicited by behavioral activation. Similarly,
the external attention hypothesis (Coﬁen, 1967), which is a more speci-
fic form of the activation hypothesis, does not receive support from
the literature on CNV.

However, as discussed in the previous sections, both the behavioral
and neurophysiological correlates of CNV would fit into an inhibition
theory of CNV. 1If one makes the usual assumption that associations are
in effect specific patterns of neural transmission, then the holding of
task-relevant associations which characterizes concentration might well
involve the kind of widespread cortical inhibition which could underlie

CNV. The function of this inhibition would be to serve as a filter,
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raising thresholds so that on a neural level only those patterns of
firing activated by the task would remain above threshold, and on a
behavioral level only task-relevant associations would remain active.
In conclusion, I am proposing that CNV is produced by widespread
cortical inhibition subserving concentration on response selection.
The first part of the proposal, that CNV is produced by cortical in-
hibition, is strongly suggested by my experiments, but cannot be said
to be an established fact. However, the proposal might be directly
verifiable with chronic intracellular recording techniques. The second
part of the proposal, that CNV subserves concentration on response se-
lection, is established in my experiments. Whether the latter part
of the proposal exhaustively desc¢ribes the behavioral correlates of

CNV remains to be determined.

Indications for Future Research

Having completed the discussion of my experiments, I should like
to make an observation on a parallel between recent neuropsychological
and behavioral thinking about the higher-order synthetic activity of
the brain.

It has been shown that the late components of the SEP are re-
lated to the relevance, importance, and predictability of stimuli
(Chapman & Bragdon, 1964; Davis, 1964; Haider et al., 1964; Satter-
field & Cheatum, 1964; Dustman & Beck, 1965; Morrell, L., 1965;
Vaughan et al., 1965; Donchin & Lindsley, 1966; Wilkinson et al.,
1966; Shevrin & Rennick, 1967; Wilkinson, 1967). Thus the late SEP
is generally considered to be related to attention and the channeling

of incoming information. On the other hand, my studies of CNV suggest
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that CKV is to be considered as separate from the late SEP, both in
its behavioral correlates and in its neurophysiological substrates.
Rather than being concerned with information or attention to stim-
ulation, CNV appears to be related to response selection, that is,
to sequences of response-relevant associations.

In short, by means of the averaged response technique two
types of cortical potential changes have been described. Both are
associative or central in nature--that is, they are not part of the
peripheral sensory or motor systems. However, one response, the SEP,
is a fuhction of sensory information, the other, CNV, a function of
response selection. I cannot avoid observing that this latter dis-
tinction parallels the distinction traditionally made in psychology
between two different aspects of the central mediating process:
the representative process, and the plans or sequences of ideas
that determine the direction of thought and action, (Miller, Galanter,
& Pribram, 1960; Hebb, 1963). Perhaps future research should be
directed towards describing separate structural features of the cortex
that could subserve these two fundamentally different kinds of psycho-

logical processes,
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SUMMARY

The present study is concerned with the functional signifi-
cance of DC respdnsés in the hﬁmaﬁ cortex which are of negative
polarity and fall within a duration range of approximately 500 to
5000 msec. To provide continuity with the existing 1itera;ufe,
these DC responses are referred to as Contingent Negative Variation,:
éf:CNV. In my experiments, as well as in most of those in”the‘pre-_
vioﬁs literature, CNV is studied in a variety of experimeﬁtal para-
digms.which involve the use of fixed-foreperidd decision tasks.

A review of previous studies showed that the procésses undéf-
1&ing~CNV are not part of the primary sehsory or motér systems, and
shouldbbe considered associative in nature.' Nor éré the.proceéseé
correlated with any specific pattern of stimulation or any parti-
cular kind of response. Rather, they appear to be related to an
internal state which previous investigators describe as '"timed
expectancy in a motivated subject.'" This definition of the behav-
ioral correlates of CNV is not clear enough to provide a basis for
an understanding of the functional significance of CNV, In my
studies I attempted to arrive at a clearer definition,

My exploratory study was designed to determine the behavioral
correlates of CNV within a broader range of task performance than was
used in earlier studies. The results showed that CNV indeed occurs
during performance of a variety of tasks which may not involve expec-
tancy, but involve other cognitive functions, such as short-term
memory sStorage and rehearsal, and cognitive operations, such as
multiplication. A feature common to all these tasks was termed

"time~-locked concentration." Such concentration may be characterized
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es a temporary stopping of the normal fluctuation of attention, and
a,focussing of attention upon a narrow range of associations for a
period of time,

.The 4uestion was then asked whether the kind of concentration

accompanied by CNV snbserves the classification and channeling of

- sensory information or whether it subserves primarily the process

- of. response selection Two experiments were designed to deal with
.this question.
| In Experiment I 1t was demonstrated in selective reaction time

'ftasks that a. correlation exists between the duration of CNV and dec1s-
'71§ﬁ tlme, and conversely that CNV duration and the timing of the task

\stimulus are. 1ndependent of one another. This constituted evidence
Athst the processes underlying CNV are not concerned primarily w1th sen-
"isbfy,lnfqrmatlon, even in a task contingent upon sensory information.
ku_InkEkperiment IIFit wss demonstrated that the late components of
hthe-corticellresponse‘to sensory stimulation were not altered during
CNV.~‘Teken in conjnnction with the data of Experiment I, this con-
stituteskfnrther evidence that CNV may be dissociated from sensory
‘processing. Taken in conjunction with the exploratory studies, Exper-
inents I and II indicate that CNV is a correlate of the response sel-
ection process. The response selection process may be described as
sequential associative activity subserving rules and programmes for
response, or more generally, sequences of task-relevant associations.
Therefore, the behavioral correlate of CNV may now be described as
time-locked concentration upon a specific set of associations relevant

to a required task,.
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The results of my experiments, taken together with other avail-
able-evidence relating to the behavioral correlates and neurophysio-
logical substrates of CNV, are best explained in terms of inhibition.
Briefly, such a hypothesis holds that inhibitory post-synaptic poten-
tials, concentrated largely upon the cell bodies of pyramidal cells in
layer 3 of the cortex, constitute the principle neural substrate of
CNV. If one makes the usual assumption that associations are in effect
specific patterns of neural transmission, then the holding of task-
relevant associations which characterize concentration might well in-
'voive the kind of widespread cortical inhibition which could underlie
CNV. The function of this inhibition would be to serve as a filter,
raising thresholds so that, at the neural level, only patterns of
firing activated by the task would remain above threshold, and, at
the behavioral level, only task-relevant associations would remain

. active,.
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APPENDIX 1

Supplementary Data, Experiment I



MRT = 302,91

MRT = 251,00

WS TS RT

Figure A. CNV during two different RT tasks using identical
stimuli: simple visual RT (lower trace), and same-
different judgements (upper trace). Sweep time:
2000 msec, WS: warning signal, TS: task signal.
WS-TS interval: 1000 msec. RT: frequency histo-
gram of distribution of RTs. MRT: mean reaction
time, measured from TS onset. N: 20. Subject:
R.D. An upward deflection indicates a negative
potential change at the vertex.



MRT = 335.67 MRT = 313.53

MRT = 499,70 MRT = 503.80

Figure B. CNV during two different RT tasks using identical
stimuli: simple visual RT (upper two traces), and
same-different judgements (lower two traces). The
traces on the left were taken during the early part,
those on the right during the later part, of a single
testing session. Sweep time: 2000 msec. WS:
warning signal. TS: task signal. WS-TS interval:
1000 msec. RT: frequency histogram of distribution
of RIs. MRT: mean reaction time, measured from TS
onset. N: 20. Subject: E.G.R. An upward de-
flection indicates a negative potential change at
the vertex.
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Figure C. CNV during two different RT tasks using identical
stimuli: same-different judgements (upper trace)
and odd-even judgements (lower two traces),

Sweep time: 2000 msec.
task signal. WS-TS interval:

warning signal. TS:
1000 msec.

RT:

frequency histogram of distribution of RTs. MRT:
mean reaction time, measured from TS onset. N: 20.
Subject: T.D. An upward deflection indicates a

negative potential change at the vertex.
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Figure D. CNV during two different RT tasks using identical
stimuli: simple visual RT (lower trace), and same-
different judgements (upper trace). Sweep time:
2000 msec. WS: warning signal. TS: task signal.
WS-TS interval: 1000 msec. RT: frequency histo-
gram of distribution of RTs. MRT: mean reaction
time, measured from TS onset. N: 20. Subject:
T.D. An upward deflection indicates a negative
notential change at the vertex.



APPENDIX 2.

Supplementary Data, Experiment II

Part 1,



Figure A.
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SEP to the TS, superimposed on sustained CNV,
Upper trace: response obtained under condition
1, with no WS. Lower two traces: responses
were averaged only during occasional shorter
foreperiods, under condition 3. All traces were
obtained during a single testing session. Sweep
time: 2000 msec. WS: warning signal. TS:
task signal., WS-~TS interval: middle trace, 500
msec.; lower trace, 1000 msec. SEP: sensory
evoked potential in response to TS. N: 20,
Subject: G.T. An upward deflection indicates

a negative potential change at the vertex,.
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TS

SEP to the TS, superimposed on sustained CNV,
Upper trace: responses were averaged only
during occasional shorter foreperiods, under
condition 3. Lower trace: response obtained
under condition 1, with no WS. Both traces
were obtained during a single testing session.
Sweep time: 2000 msec., WS: warning signal.
TS: task signal. WS-TS interval: upper trace,
500 msec. SEP: sensory evoked potential in
response to TS, N: 20. Subject: T.D. An

upward deflection indicates a negative potential
change at the vertex.
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Figure C. SEP to the TS, superimposed on sustained CNV.
Upper two traces: responses were averaged only
during occasional shorter foreperiods, under
condition 3., Lower trace: response obtained
under condition 1, with no WS, All traces were
obtained during a single testing session. Sweep
time: 2000 msec. WS: warning signal. TS:
task signal. WS-TS interval; upper trace,

275 msec.,; middle trace, 500 msec. SFEI':
sensory evoked potential in response to TS. N:
20. Subject: T.D. An upward deflection in-
dicates a mnegative potential change at the
vertex,
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SEP to the TS, superimposed on sustained CNV.
Upper trace: responses were averaged only

during occasional shorter foreperiods, under
condition 3. Lower trace: response obtained
under condition 1, with no WS. Both traces
were obtained during a single testing session.
Sweep time: 2000 msec. WS: warning signal.
TS: task signal., WS-TS interval; upper

trace, 500 msec. SEP: sensory evoked poten-
tial in response to TS. N: 20. Subject: T.D.

An upward deflection indicates a negative poten-
tial change at the vertex.



Figure E.

TS

SEP to the TS, superimposed on sustained CNV.
Upper trace: responses were averaged only
during occasional shorter foreperiods, under
condition 3. Lower trace: response obtained
under condition 1, with no WS. Both traces
were obtained during a single testing session,
Sweep time: 2000 msec, WS: warning signal.
TS: task signal. WS-TS interval; upper

trace, 1000 msec. SEP: sensory evoked poten-
tial in response to TS. N: 20. Subject: J.D.
An upward deflection indicates a negative poten-
tial change at the vertex.
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FLASH

SEP to a flash;

superimposed on sustained CNV.
Upper trace;

responses were averaged only during
occasional shorter foreperiods, under condition

3. Lower trace: response obtained under condition
1, with no WS. Both traces were obtained during a
single testing session. Sweep time: 2000 msec.
WS: warning signal. TS: task signal., WS-Flash
interval: upper trace, 1000 msec. SEP:

evoked potential in respovse to TS.
Subject: J.D,

sensory
N: 20.

An upwrrd deflection indicates a
negative pofential change at the vertex.
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‘SEP

FLASH

SEP to a flash; superimposed on sustained CNV.
Upper trace: responses were averaged only during
occasional shorter foreperiods, under condition

3. Lower trace: response obtained under condition
1, with no WS. Both traces were obtained during a
single testing session. Sweep time: 2000 msec.
WS: warning signal. TS: task signal. WS-Flash
interval: wupper trace, 1000 msec. SEP: sensory
evoked potentiial in response to TS. N: 20,
Subject: J.D., An upward deflection indicates a
negative potential change at the vertex.
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SEP to a flash:

_ superimposed on sustained CNV.
Upper trace:

responses were averaged only during
occasional shorter foreperiods, under condition

3. Lower trace: response obtained under condition
1, with no WS. Both traces were obtained during a
single testing session. Sweep time: 2000 msec.
WS: warning signal. TS: task signal. WS-Flash
interval: upper trace, 500 msec. SEP: sensory
evoked potential in response to TS. N: 20.
Subject: J.D. An upward deflection indicates a
negative potential change at the vertex.



{7

Cmeve o o s o

Figure I,

SEP

4

>

%00 0 o

N\

-

®eoseee LT,
L]

o

o o o ©
0..0':..9

Ws

-]

Q-

®404 » LIPS ® o0,

<<,

4

.00
- veser™®
v

<%

i
:
§

<,

FLASH

SEP to a flash: superimposed on sustained CNV,
Upper and lower traces: responses were averaged
only during occasional shorter foreperiods.
Middle trace: response obtained under condition
1, with no WS. All traces were obtained during
a single testing session. Sweep time: 2000 msec.
WS: warning signal. TS: task signal. WS-Flash
interval: upper trace, 1000 msec., lower ‘trace
500 msec. SEP: sensory evoked potential in
response to TS. N: 20, Subject: G.T. An up-
ward deflection indicates a negative potential
change at the vertex.



