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Two experiments were designed to define the behavioral functions 

that might correlate with human co~tical DC responses. These 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. In preliminary observations it was 

established that CNV occurs during a vari~ty of tasks aIl of which 

could be said to involve "time-locked concentration." In the first 

formal experiment, in which a selective reaction time task was used, 

it was shawn that CNV duration and the timing of the task stimulus 

are independent of one another. In the second experiment 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 of 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 

electroencephalography 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 "noise" 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. 
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One outstanding contribution of these recent studies has been 

the demonstration of systematic relations between averaged evoked 

potentia1s and selective attention. Two types of averaged evoked 

potentia1s have been found to be re1aten. to selective attention. 

First, brief (usua11y 1ess than 500 msec. ~n duration), cortical 

responses to sensory stimuli are modifiable by varying the re1evance, 

importance, or predictahi1ity of those stimuli (e.g., Sutton et al., 

1965). This finding is congruent with numerous empirica1 formula­

tions of cortical functiona1 organisation, especia11y that of Mi1ner 

(1957). Second, slow potentia1 changes, 500 to 5000 msec. in dura­

tion, have been shown to occur during particu1ar phases of decision 

task performance (e.g., Walter, 1964). These slow potentia1s con­

stitute a unique electrocortical phenomenon that has yet to be 

integrated into any overall theory of cortical function. The present 

paper is concerned primari1y with the functiona1 significance of the 

latter slow potentials, especial1y in relation to performance on 

simple human decision tasks. The large literature on the relation 

of the brief sensory evoked potentia1s to selective attention (e.g., 

Donchin & Lindsley, 1966; Morre11 & Morrel1, 1966; Harter & White, 

1967) is not direct1y relevant and will not be reviewed in detai1. 

The remainder of this chapter is a review of the 1iterature on 

the nature and origin of De 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 methodo1ogica1 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 surface. An oscillographic study of such poten­

tials on a time axis reveals two types of potential changes: 

oscilla tory or periodic potential changes, and aperiodic slow 

potentia1 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 De amplifier and non-polarisable electrodes are 

required. The slow aperiodic changes which are the primary con­

cern of this study require such De amplification of electrocortical 

activity and are therefore referred to as De 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 

potentia1 changes occurring regularly at a constant 1atency 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 idea1 waveform as the 

number of samples is increased. 

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 ~alter, 1964). Al­

though scalp electrodes integrate activity from more widely 
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dispersed regions than do epidural electrodes, early SEPs from 
o 

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 ~t al., 1965; 

Heath & Galbraith, 1966). Scalp-recorded DC potentials also show 

close agreement with epidural records (Walter, 1964). 

There are various sources 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 

(Bickford, 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 (~) 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 ~ to relax; (unusually 

anxious ~s are usually rejected if it is impossible to obtain an 

artifact-free record from them). 
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Eye movements, if correlated with stimulus onset or task 

performance, may be a source of artifact. Theeffect 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 chànnel 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 ~ 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; Geisler, 1964; Low et al., 1966). 

Origin and Distribution of Cortical Potentials 

The direct anatomical origins of surface-recorded electro­

cortical potentials are believed to lie in the neurons of the 

upp~r 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 ofaxon terminaIs on 

their dendritic formations and somas; many of these terminaIs 

originate in excita tory 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 excita tory 

(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 sens ory 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

fie 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 approaehes the lower frequeney 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-specifie excita tory 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 weIl as post-synaptie potentials 

(Morrell, 1967). 
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The spatial distribution of DC responses to experimental stimuli 

may vary greatly. The anterior De responses studied in this thesis 

are widely distributed, with greatest amplitude in the prefrontal 

areas, as measured by Walter (1964) with implant~d electrodes in hu­

man ~s. AlthoughSEPs 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 De 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 et al., 

1967; White & Eason, 1967). These stimulus-specific patterns of 

response are replicable within ~s 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 facto While the 

anatomical and physiological basis of electrocortical activity may 

lead one to specula te 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 Corre1ates of E1ectrocortica1 

DC Responses in Rats, Rabbits and Cats 

Much of the basic exploration of the DC response has been 

conducted on species other than man. This work, main1y on rats, 

rabbits and cats, is brief1y reviewed here before discussing the 

human experimental 1iterature. 

Cortical DC shifts in response to unconditioned stimuli in 

rats, rabbits and cats have been correlated with brain e1ectricà1 

stimulation, onset of sleep, arousa1 from sleep, satiation of 

hunger, spontaneous locomotion, and sensory stimulation. DC shifts 

in response to conditioned stimuli have been produced with both 

c1assica1 and operant conditioning of rats and cats. The DC res­

ponses corre1ated with these different phenomena vary in frequency, 

amplitude, and locus of the maximum shift. 

Unconditioned surface-negative shifts of short duration (1-5 

sec.) may be induced by e1ectrica1 stimulation of the cortex, the 

periphera1 sensory nerves, or the mesencepha1ic reticu1ar formation 

of the cat (Go1dring et al., 1954; Arduini et al., 1956; Go1dring 

& O'Leary, 1957; Brookhart et al., 1958; Vanasupa et al., 1959; 

Caspers, 1961). These responses can be measured in the upper cort­

ical layer, in the specific sens ory areas of the cortex, as we1l as 

in the nonspecific cortex. The responses of the nonspecific cortex 

are not b10cked by topectomy of specific sensory areas of the cortex, 

imp1ying that nonspecific DC responses must be mediated by a separ­

ate subcortica1 system such as the reticu1ar formation of the mes­

encepha10n (Arduini, 1961). 
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Stimulation of the exteroceptors has been found ta be 

accompanied by DC shifts in the cat cortex, corresponding in dura tian 

ta 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 ta the main focus of activity. In cats, Caspers (1961) 

also observed a DC shift of variablepolarity correlated with spon-

taneous locomotion. 

Gradual, much longer DC shifts occur during the transition from 

wakefulness ta sleep, and following arousal from sleep, in bath the 

rat and the cat (Caspers, 1961; Wurtz, 1965, 1966; Norton & 

Jewett, 1965; Pirch & Norton, 1967). Similarly, very slow DC shifts 

occur during and afteringestion 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 DCshiftn during onset of ~nd arousal from sleep 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 ta animal; the majority show a negative shift during 
.. 

eating, followed by a positive shift after eating ta 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 shawn the gradual development of a brief surface-negative DC 

shift ta the CS during acquisition of an avoidance response. Morrell 

(1960) conditioned a negative DC shift ta a tone stimulus using 

electrical stimulation of the centre median nucleus as the US. 

Rowland (1961) showed a similar DC response in cats ta 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 rather 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

specifie 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 De 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 ta complex behavior. 
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The most common interpretation of the above findings with the 

shorter duration De shifts is that a change in the De 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-riegative De shifts cor­

relate with sustained cortical excitation and behavioral activation, 

and surface-positive De shifts correlate, in several experiments, 

with reduced behavioral activation. However, Motokizawa and Fujimori 

(1964) have shown the independence of the ca t' s De response from fre­

quency changes during the EEG arousal response, thus refuting any 

simple relation between activation and De shifts. One investiçator 

(eowen, 1967) has of fered an alterna tive interpreta tion, based on 

the different cortical projections of exteroceptors and interoceptors. 

Negative anterior OC responses might occur with attention to the ex­

ternal world, tha t is, speci fic facil i ta tion of the exteroceptive 

nfferent systems. Positive responses at the same locus might indi­

cate attention directed towards internaI sensations, such as the 

visceral sensations following satiation of hunger. The two hypo­

theses, the activation hypothesis and the direction-of-attenti.on 

hypothesis, have been further studied with human subjects and will 

be referred to in the following section. 

Behavioral Correlates of E.lectrocortical 

OC Responses in Man 

Unconditioned De responses in human ~s have been correlated 

with sensory stimulation, sorne aspects of visual perception, and 

with voluntary movements. Conditioned DC rcsponses have becn 
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produced 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. Kahler (1955) and Kahler 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 sorne controversy followed the publication of these results, 

they were reinforced to some extent by Gumnit's (1960) similar 

findings with cats. The responses reported by Kahler were highly 

localised and specific and thus quite different from the non­

specific anterior responses with which the present investigation 

is concerned; therefore, they are not discussed further in this 

thesis. 

Kornhuber and Deecke (1965) reported anterior negative 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 stimulation of the peripheral nerves. 

Walter (1965) and Cohen and Walter (1966) observed a positive 

wave of 1-2 sec. duration fo11owing a brief exposure of a complex 

visua1 stimulus requiring S to keep track of correct solutions to 

a perceptua1 prob1em. This positive DC shift, reaching its highest 

amplitude in cortical prefronta1 regions was independent of stimu­

lus duration, and was maintained ev en 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 response of the anterior cortex, using 

the inion as reference, in contrast to most other studies in the 

literature, which reported using more inactive reference points 

such as the earlobe or mastoid. His results provided sorne support 

of his thesis tha t brief stimula tion of exteroceptors (tactile, 

auditory, olfactory, gustatory,visual, 'or proprioceptf.ve) is 

followed by nega tive anterior cortica i hc shiftso'f severa i seconds' 
. . . . .' . " ," 

duration, whereas stimula~ion of the'intero~eptors (visceral organs, 
'-.. ,- ." ".'" ,- ,";: :', 

carotid body, or vestibuliu organs)'isfollowed, bypositive shifti. 

Evaluation of his results is made difficult by hisfailure to re-

port his data in suffic{entdetail. 

Conditioned DC shifts have been widelystudied in hunian Ss 

during the past three years.Walter (1964) observed that when two 

stimuli are paired sequentially so that the first serves to signal 

the occurrence of the second, a negative shift reliablyoccurs ai: 

the surface of the anterior cortex immediately following the first 

stimulus and endures until the occurrence of the second stimulus. 

Since the negative shift is independent of the intensity or modality 

of the stimuli, it appears to correlate with a state of expectancy 

within the~. Thus the author called it the Expectancy Wave, or 

Contingent Negative Variation (CNV). When induced by simple pairing 

of stimuli, CNV has a relatively low amplitude arid hibituates rapidly. i// 

However, when a response is required to the second stimulus, 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 
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first stimulus, but as the interstimulus interval is prolonged past 

this point the De shift becomes less weIl timed, lower in amplitude, 

and thus more difficult to observe in an averaged record. 

The significance of eNV is not yet clear. Walter (1964) 

suggested that eNV is a sort of fronto-cortical priming which regu-

lates the time relations of the voluntary mator discharge related 

to the task, and corresponds ta the enhanced orientation of the ~. 

McAdam (1966) demonstrated that trained Ss can increase the ampli-

tude of CNV by incréasing the amount of "effort" or "concentration" 

they devote to the response to the se'cond stimulus, and also that 
'", . 

CNV increases in a~plitude with more difficul t 'tasks. The same 

author showed that eNV ismost prominentas the S learns a temporal 

interval, and that after learning has ta ken place eNV habituates 

even though time estimation reinains atits previoLis optimal level. 

Thus CNV do es not appear to be'a necessary feature of either expec-

tancy or temporal set. It is more likely that eNV is 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 automa ted· 

and less concentration is needed. 

In summary, there is considerable agreement among studies of 

human ~s concerning the conditions that elicit a negative De shift. 

Kornhuber and Deecke's "Readiness Potential" and Walter's eNV 

appear to be essentially the same phenomenon: in both cases a 

negative De shift occurs during the period immediately preceding a 

response on the part of ~, and in neither case is the De 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 ~, 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. Negative DC shifts reported 

during conditioning of cats and rats apparently resemble the CNV 

observed inhuman experiments. Responses preceding and following 

voluntary movements in cats (Caspers,1959) resemble to sorne extent 

those reported by Kornhuber and Deecke with human voluntary movements. 

Despite these few similarities betweenstudies of man and studies 

of other species, l interpret the data from human Ss as evidence 

against applying to man the explanations of the DC response generated 

from studies of infrahuman species. The activation hypothesis, 

reported in the previous section, is weakened by Walter's (1965) 

finding that positive DG shifts occur following visual stimulation 

when ~ 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 DG shift. 

A unitary activation interpretation could not account for both posi­

tive and negative DG responses. Similarly, Gowen's (1967) direction~ 

of-attention hypothesis cannot be applied to the data from human Ss. 

First, most available evidence indicates that surface-negative DG 

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, 
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exteroceptive stimulation may be fo11owed by either a positive or 

a negative De response or none at a11, depending upon the task de-

manded of~. Fina11y, eNV can occur in the absence of any c1ear1y 

defined external task stimulus; it has been e1icited in time esti-, 

mation tasks in which the signal to respond was generated within S 

himse1f (McAdam, 1966). 

Thus neither of the hypotheses which were based upon studies 

of irifrahumanspecies appears to account for the data on the human 

De response. Whether thisis due to differences between the species, 

differences in experiment~l design, or differences in recording 

techniques cannot yet be ascertained. 

The Present Study 

The present study is concernedwith the functional significance o 

of De responses in the human cortex which, like eNV, are of negative 

polarity and fa11 within a duration range of approximate1y 500 to 

5000 msec. ° In my experiments, the e1ectrocortica1 De potentia1s 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, avai1ab1e evidence shows 

that the processes under1ying CNV are not part of the primary sensory 

or motor systems, and shou1d be considered central or associative in 

nature. These central processes are not correlated ~l1ith a specific 

pattern of stimulation or a particu1ar kind of response. They are 

rather related to an internaI state which existing studies define as 

"timed expectancy in a motivated ~." This definition cou1d lead one 

to hypothesize that the substrates of eNV serve to facilitate cor-
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tical processing of anticipated sensory input. But it could equally 

well indicate another hypothesis; that eNV is related to sequential 

cortical association systems which de termine the rules and programmes 

for response--in short, the response selection process. Or finally, 

it could mean both or neither of these possibilities. In other words, 

the definition of the behavioràl correlates of CNV is not yet clear 

enough,toprovide.evidenéefor;or'agàinst, any of'these hypothes~s·. 

Anunde~st~nding of thefunctionalsignificance,ofcNV must' await . 

such evidence. 

In my studies l attempt to construct aclearer definitionofi:he 

behavioralcorrelates of CNV. Myworking hypothesis about. the beha-

vioral correlates of CNV places emphasis upon cortical control of 

performan~e, rather than upon sensory processing orgeneral activa-

tion. My tentative view is that CNV is related to the process of 

response selection--whether the task requires aperceptual, cognitive 

or overt motor response. Thus the termination of CNV would be con-

sidered as a correlate of the termination of the response selection 

process. 

In the context of my hypothesis l conducted a pilot study in 

which. CNV and similar cortical De responses were explored within a 

broader range of performance than.was used in earlier.studies. Fol­

lowing the explora tory studies, l conductedtwo experiments. . The' 
. . . 

first experiment concerned the relation of eNV tothe response selec-

tion processeswhich follow the presentation of the task stimulus in 

a selective reaction time paradigme The second experiment asked 

whether a sustained negative De response influences the late com-

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



- 19 -

THE INVESTIGATION 

Throughout the fo1lowing investigation cortical DC responses 

were elicited by having human .§.S perform various tasks in response 

to task stimuli (TS); with a fixed foreperiod precedingeither the 
. . 

TS, or .§.'s respcmse, or both. The. .§.'s De electrocortical activity 

was averaged onacomputer duringand fo11owihgthe fixedfore­

periods, and the resultingaveragedresponse~ wE!restudiedas a 

function of S' s performance. "Ther~lev~riraveraged'rèsponses were . . . .' . . , . .. '. . . . " 

always nega tive in polarity. Sincethe tertn."CNV~'hasbeen. used . 

recently (McAdam, 1966) in a broader context' than that original1y 

used by Walter (1964), the averaged responses reported be10w are 

a1ways referred to as CNV, to provide as much continuity aspossih1e 

with the existing literature. 

General M8t:hod 

The apparatus and procedures common ta aIl experiments are 

described below. The apparatus subsection includes recording, 

stimulation, programming, and data processing techniques, all of 

which are il1ustrated schematically in Figure 1. The procedure 

subsection inc1udes deta ils of electrode placement and seating of 

.§., general instructions, and the testing procedure. 

Appara tus 

Recording. AlI electrocortical potential changes reported in 

this study were obtained from the scalps ofadult human .§.s. Non-

polar~sable silver-silver chloride DC e1ectrodes (Tursky type) filled 

with a conducting jelly (Sanborn Redux) were attached to the scalp 
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with flexible collodion. The S was grounded to the recording system. 

A low-level DC preamplifier (Grass, model 5PI) 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 RS) to an oscilloscope (Tek­

tronix-, mode1502 A) and to an average-response computer (Mnemnotron 

Computer of Average Transients, or CAT 1000), which was triggered by 

a 3-volt pulse synchronised with the appropriate stimulus event. 

When necessary the data were stored on an FM tape recorder and later 

played back into the CAT computer; 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

iorai reaction times (RT) were measured from a microswitch set into 

an armrest adjusted so that ~'s right index finger rested comfortably 

beside it; thus a minimum of motor movement was required for SiS 

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 explora tory 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 explora tory 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 aIl 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 cm. in front 

of~. AlI stimuli except the second subtended a retinal angle of 

2 degrees and were centred on a fixation point. Ambient light level 

in the testing chamber was kept to a minimum so that distractions 

were minimized.A white-noise generator, an oscillator, and a 

microphone were connected to an audio mixer and an amplifier so 

that. the experimenter Œ) coulddeliver. a variety of auditory stim­

uli to S via a set of padded earphones (Koss, model SP-3X). 

Programming. Timing andordering of stimuli were achieved with 

logic modules (BRS solid-state Digibit components) programmed from 

a paper tape reader (Omnitronix, model 119). SignaIs punched on a 

paper tape served to control both stimulus events and intertrial 

intervals. The CAT computer trigger pulse and the operate pulse 

for the printout counter were synchronized with stimulus events by 

means of logic modules. 

Data Processing. Data were stored in two forms. Ink-written 

o~cillograph records of each recording session were kept, and in 

addition the CAT~averaged EEG responses were projected onto the 

oscilloscope screenand photographedwith an oscilloscope camera 

(Tektronix, model C-12). The oscillograph records contained the 

DC electroencephalograph, a record of eye movements, a record of 

SIS reaction times, and two channels of stimulus event markers. 
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Procedure 

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

trode was attached to the scalp approximately 2 cm. anterior and to 

the right of the vertex (the point at which the nasion-inion and 

interaural lines intersect), and the refere):lce De electrode tothe , 

inside face, of "the right or left earlobe~' The placement of the' 

" a c tiv~èle ctrodew~s'O,,~r'p~èmo-tor_corteX(Brodmann a rea 6) ,a ccor-: 
.. \, 

, ,-

dingtoa methodfor_c~Jc'Jlatingtherelative skull position of, 
.. ' '. . : ". . . , .: ". . . . ." . .' ' . ~ -'; '. 

the F:lssUreofR()land6.described by ehusid and McDonald (1960), 

and illustrat~~:.-inFigUre 2.' An eye-movement' electrode was placed 

withadhesivetape over the left eye orbit, with its reference on 

the right or leftearlobe. A ground lead was attached to the ear-

lobe otherthan that used as the EEG reference. S was seated in a 

comfortable chair, and the earphones were placed on his head. 

White noise at 73 db. SPL was fed through the earphones to mask 

distracting sounds. Although the masking was not complete, there 

was no stimulus-locked noise reaching~. 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 SiS eyes. 

General' instructions, calibration, artifacts. The S was told 

torelax completely, to ,close hiseyes, while the amplifiers were 

calibrated,thebalancevoltage was adjusted, and the standing De 

voltage recorded. A tthis pOintelect:rode contacts were checked, 

and the electrodesreàpplied if'electrical noise (especially 60 cycle) 

was not at a minimum. S 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 § 
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judged that .ê. had mastered the task. At this point the actual 

programmed trials were begun. S 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 response 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 further break if they felt 

drowsy or fatigued. Specific aspects of the testing procedure are 

described in each study. 

Exploratory Studies 

In several explora tory studies l 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 fema1e undergraduate 

students, aged between 19 and 24 years. Of these, two were tested 

on severa1 occasions during a period of six weeks; the remaining 

three were tested on four sessions each, usua11y within a period of 

one week. There was no strict1y determined design for any specifie 

recording session; the dura tian of the tasks, the moda1ity of stimu­

lation, and the dura tian of the averaged responses were varied from 

one session ta another, according ta each ~'s performance. 

Four kinds of stimuli were used: brief flashes of 1ight de1i­

vered from the PS-2 stimu1ator; digits presented visua11y via the 

stimulus projectors mounted in front of~; pictoria1 stimuli (car­

toons) projected from behind Santo a screen 130 cm. in front of S; 

and digits spoken by ~ into a microphone connected ta the S's ear­

phones. 

The four tasks emp10yed in the study may be described as 

fo11ows: (a) SIMPLE REACTION TIME. The ~ was required ta press 

the reaction key as fast as possible after every stimulus. Bath 

visua1 and acoustic stimuli were used. For visua1 RT, a flash from 

the PS-2 stimu1ator 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 ward "ready" 

spoken by ~ into the earphones between 1 and 4 sec. before TS. 

(b) SHORT-TERM STORAGE OF DIGIT SEQUENCES. The ~ was required 

ta memorize a series of five ta eight digits presented at regu1ar 

intervals of .8 sec., and ta repeat the series upon the instruction 
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"report" spoken by ! into the earphones about 5 sec. after the end 

of the .series. S was given practice trials until E had determined 

the maximum number of digits ~ could memorize without error, and 

without undue frowning or tensing of artifact-causing muscles. 

(c) SHORT-TERM STORAGE OF PICTORIAL STIMULI. The S was 

required to remember as·many details as possible of a complex pic tor­

ial stimulus presented for a 4 sec. exposure, and to report what he 

remembered upon the instruction "report" from !, about 5 sec. after 

the TS. Care was ta ken to eliminate 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 !, and 

to state the product upon the instruction "report" from!, 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, mu ch 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 DC responses during 

the various tasks were averaged on the GAT 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 l6ŒO 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 that recording sessions became dull and arduous for the S. 

Nevertheless, the added information proved invaluable in under­

standing CNV and planningfurther experiments. 

Results~ A typical polygraph writeout of the DC record is 

presented in Figure 3, top. It will be noticed that no correl­

ation is present between ~ye blinks or eye movements and the pre­

sentation of the stimulus. The record is 150 mm. in length; the 

paper speed, 2.5 mm./sec.; therefore, this record represents 

about one minute of recording time. 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 ar~ifact, 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 termina tes after the presentation 

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

a period of "expectancy," 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 ta ken 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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set of WS, and (5) computer sweeps. Subject: P.M. 
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Although the 2000 msec. sweep time provided a convenient time 

base from which to study CNV, l became interested in longer-lasting 

De 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 important bearing on the way we 

regard shorterCNVs.·· Examples of these phenomena are given in 

Figure 5. On the le ft side· of each trace a .typical CNV is shown· 

developing from the time of onset of the acoustic WS,and termi­

~ating shortly after the auditory TS. The remaining part of each 

trace represents the averaged DC potentials during a period of silent 

inactivity which followed the CNV The uppermost trace shows no non­

random DC activity following termination of CNV; the averaged poten­

tial following CNV is fIat, and the activity associated with CNV is 

restricted within a 5 sec. period. Themiddle trace demonstrates 

a phenomenon which frequently follows CNV during task performance: 

a protracted positive "rebound." In thistrace 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 phenomenon occurs frequently when intertrial 

intervals are long and fairly regular 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. 
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(b) SHORT-TERM STORAGE OF DIGIT SEQUENCES. During several 

trials with simple RT, l had observed negative DC shifts of much 

larger and longer amplitude than CNV on the raw EEG oscillographic 

record, which were apparently related to preparation for a trial by 
,.".. '. .: 

S on a verbal cue from~. .. In ordertci.controlthesc shifts so tha t 
,", ",". '. -

averaging was possible,.§. .was giVen~ta~kwhi~h :required,:sustained 

attention to a. TS, followed by sustai~ed;rehearsal ofa response 

until theresponse was demanded. by E." ,The time. fromTS to El s: ·in-
i • _., 

struction to respond was constant,anditwaspossibleto average 

the DC response during this constant interval. One such task was 

the short-term storage of digits presented visually or acoustically. 

Typical records from these trials are shown in Figure 6. Therewas 

a slight negative drift during the presentation of the TS, which 

became steeper in slope as the stimuli were terminated, and which 

attained an amplitude several times that of previously observed 

CNV. Following the recall of the digits by ~ on the instruction 

"report," the DC voltage returned to its previous level. The nega-

tive DC shift was sustained throughout the rehearsal period, until 

the response was termina ted by ~.' Thè phenomeiüm was the samefor 

both visua l (upper)- and auditory' (lower) TSs. 

, ' , 

(c) SHORT-TERM STORAGE OF PICTORIAL STIMULI. A similar long-
. , 

, . 

lasting, high amplituderesponse' wasobserved during trials on which 

~ was asked to store complex pictorial stimuli inmemOl;Y. A period 

of rehearsal followed each 4 sec. stimulus presentation, and, as is 

shown in the upper trace in Figùre 7, it is during the rehearsal 

period preceding recall rather than during the stimulation period 
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that large negative De 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 De shift 

develops and is sustained during rehearsal until S recalls the 

stimulus on the instruction "report." The lower trace shows the 

response of the same ~ after the tas~ had been practised and the 

same stimuli were being repeated; . the negative De shift preceding 

recall habituated in the same manner as CNV habitua tes when interest 

or effort is reduced to a minimum ~alter, 1964; McAdam, 1967). 

This implies that a direct correlation exists between amount of 

"effort" and the amplitude of these long De shifts, and is further 

evidence for considering them to be equivalent to eNV. 

(d) MULTIPLICATION OF DIGITS BY A CONSTANT. An example of 

averaged De responses during an auditory multiplication task 

(performed with the eyes closed) is given in Figure 8. In both 

upper and lower traces the stimuliwere preceded by 3 sec.by a WS 

(the word "ready"), and followed by a request for report 4 sec. 

and 7 sec., respectively, after the TS. In the two traces the De 

shift begins at the WS and continues until the report is given. 

The SEPs to the TS in these trials are almost non-existent because 

the spoken digits were physically rather imprecise stimuli producing 

SEPs of varied latency, not Iending themselves to averaging; since 

the evoked potentials to the TS are not of primary interest here, l 

do not feel that this is an important drawback to the meaning of 

these resul ts. 

A more important drawback to these experiments in generai ls the 

slow, imprecise return to previous voltage Ievei of these large responses, 
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otherwise so like. CNV.: The réason forthis undoubtedly lies. in 
.. . '. ~::. . 

the wide variance in the la tel1cYof .. the .ê.s·.respon~sefol1~~·ing §.' s· 
" ' ..... ", -,', 

requestof repôrLAnattempt'is made .inexperimedf'..i·.~to.,overcomè:/'·· 
...... ,.:...... . " ;.:.:"'.r ',.'" , n'{: 

thispI'apl~UI, bY'tneans of more pre~{~e control overRT,:a~d\~~:è:,:.'.,.,.: 
6fa shorteraveraging period. 

Conclusion. The conclusion of thisexplor~to~y 

CNV, or nega tive De shifts which '. appear ta sharethecharacteristics 

of CNV, may be elicited with a wide variety of procedures other 

the simple "expectancy" paradigm usedin previous experiments. 

Expectancy was not the common correlate of eNV throughout the four, 

different paradigms used in this study. In the simple RT tasks, 

the correla te of eNV could be termed "expectancy." But in the short.-

term storage tasks the correlate of eNV was rehearsal of the content 

of the stimulus, and in the multiplication tasks the correlate of 

CNV was the cognitive operation of multiplying two numbers. l hold 

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 fluctua tes and progresses in a continuous stream .. 

of associations more or less controlled; CNV appears ta develop 

whenever.ê. rigorously limits his associations, holdingirt i~~diate 

memory only what is immediately relevant to thetask at hand. The 
, ' 

particular task at hand does not matter--it may be simple reaction 

time, short-term storage or multiplication--except inasmuch as it 

determines the amount of effort required of.ê.. 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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cortical distribution of CNV·cannotbe. ascertained fromthis 

stlldy) .. Further interpretation ofthes~ dataisreserved·for·. 

'. th~ final chapter. 
" .. 

Tf.GNV· fèpreseritssomecortic.al electrical correl~teof.the 

"holding~fasso,ci~tions" inv61~~din ariy. kindof sustainedcon-

,,~~~'t~~:~ion, thê' qdes~ion remains: 
,,' . . 

is the neu~âlactivity under~ 
-<>.'" ',".' 

:lyiii:gCNVinvcilve~'ilrthe processing of sensory inforinàtion rele-

vant t.o' t:het:ask~6r,is 'theCNV neura 1 activity strictlyà"central" 
. , . '.. . .' ' . :' .' . ~ .', - . , 

everit', ·tha t is, ii6t \J,,6ivedi~sensqryprocessing? 
. :';':,', ~,-::; . ::. ", . ". . 

of theexploratorY~t~di~s'cNV does not' appear ~obe related to 

From the data 

theTS,;but,because of the lo~gdura tion oftlle computer sweeps 

and the relatively imprecise timing of someof the stimuli, the 

SEPs to the TS are not clearly visible in these results. In the 

two experiments which follow, the question of the "central" nature 

of CNV is explored in more detail. 

":", 

." .... 
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Experiment l 
, ' ' 

This experiment ,concerns,the relation between'decision time 

and th~ moment of termi,nat:iori of,CNV,'followingpresèntatiori' of; a, 

"task~timulus' (TS)towhichS lsrequi.red t~ respond., If the 

function of CNV 'is ,tof~cil{t~t~ '.pr~èe~s'i.n~èftheTS ,,' it,would ' 
- ' '.' . . , . ; " ... ~ , : " ".' -.. 

, , bé' pred ictedthat CNV, WOll~(l, ai~aYs'lë~t~~~,to,b~~ë.iùle .:at :~o'~~:; 

,,', constant latE!h'~'y:âftei 'pr~~~nt1ition:,oft:hè'TS,so :lbng as, the 
~ . '",' .,.. . . . ' , , ' ." : 

,"'. 

stimuluspropertieswere not changed. However, if CNV is notr'e'-

latèd to stimulus processing, but rather to sorne later associative 

stage of the response process--for instance, the stage at which the 

TS is related to a learned rule--it would be predicted that CNV 

would terminate at a constant latency after decision, and show 

no constant relation to the time of the TS. 

These two alternatives were tested in a decision task paradigm 

which allowed ~ 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 instructions regarding the rules for pressing the 

reaction key allowed ~ to manipula te task difficulty. By giving 

the appropria te instructions, ~ could control the RT distributions 

produced by ~, 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 undergraduate' 

studentsaged between 19 and 26 years. 
.'. 

'. • •• The .. TS ··th roughout .this'eXP~;i~:.~ti.tzn~ist~d~f!.r~~;.~~i~i~;8:·..·'· •. ; ....... . 
, presen te cl simultaneol.ls lYJr,()m-.·:twàGraf{oh:..~tàd,1èt'::'p'rÔjéc'tors::nîdl.1i1téd:,: . ,_. .:: i 

.adjaO~~' t: i;,~·d~~~.~i~i·~~~·.~~§~ij,~6·io*.;;'ik;~;iG~~;f;i.···· ç~: ..•..... ' ................ , ...... . 
"sùb,tend~d:~ _~{~~éÎi:~,:::~~~i!~:~~"':4':;~~g,f~~~,-~nd were' exposed for a dura tion 

: ',;',>' ;. ," .,", ;-'::',':':' . ~;·.';I·> ...... ;.; .;":: :"," ", :.<:' "> .:: .... ~.- ;.:.' '. 

;-()(ldO--m~e6) 'ati~-b'rightriès~ leV:el of 27 foot-Iamberts. On ea ch tria l 
l:"" 

a30:msè'c.:a:~A()~~ti'd~s (900 cps at 80 db) preceded the TS by l sec. 

Th~t'wodig:i,t,:sin the TS could be independently varied from 0 to 9, 

so, thàt on any given 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. 
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Tria lswerepr~sented in blocks of 80,of which. approxima tely 
. . . . . -

.. halE w.er~ "press" andl1al.f .}~nà,pressl' .tJ:'ials. Intertrialintervals .. · 
..... !:... :"::. 

' .. :::":. 
:," . ~ . " 

w~:rè;'r~~d,~~~,~~:,jij!.1:~t,~.~.;·.~tid:~angedrrOm 3 t06~e~. in:;.dura t.~on..A t,' 
·tii~ hegirin.irig"Pf,::~~/ery'"te,·stfrig': .• séssion'swas ·.g{vet1:the:·.~~~'t,tuct'i6ris· .. :·· 

•. ; .. , •• :: .. ;.,; .... :. " '."'",' _,::;1 "'. ;::: : .... ','; .•. ,.:;:".:.,." •• ~_;. ~ .; • .":', :' ::: :,"", :'.~ ". -:' _,' 

.',;for·th~,\~s~'and·"fh~~,put:ihr~ugh' a. pracÙce s'~s~i"~n lnÙ'ilhi"s per~ 

.'-. -":':'::.:;'.,' 

o'· .. 
'<,. ' .. ',: . 

....... : ... ," .: ,'., 

was E!~~àr-fr~e;" .. ,'; .. ' 
'1 ..•. :.... '. ... , ...... :., •••. :-•. :: •.•. :.' .• ;. 

The:pI'o~edu~~f~r recording De potentials, eye movements, and 
: ..... . 

stimulus events was the same as reported in the previous section. 
"'r: 

In addition, ~IS reaction time (RT) was recorded. The RT distri-

butions produced by ~ were examined periodically during the practice 

sessions, 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 eNV 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. In pilot work, l found that EPs averaged 

from stimuli with low-variance at RT distributions, were much more 

defined than EPs averaged from stimuli to which RTs had varied 

greatly. Thus l insisted upon low-variance at RT distributions for 

averaging. 

The particular tasks used to demonstrate the relation between 

RT and eNV differed from one S to another, because of individual 

differences in performance. For each ~, K 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 eNV was recorded. 
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Results. Selected averaged responses of the 5 ~s, along with 

the c.orresponding mean RTs, are presented in Figures 9, 10, Il, 

and 12, for deta.iled discussion. Supplemel~ta~y da ta are presented 

i~.·~p,p~ndi~·L .••. ,... '.'. ' .•.... ' .. ".". .'. ". 

. ,'. InF.igure 9~, three averagedresponses 

.. ' •.. ,.' .... 
are present~d, phO'to'- •. 

. ':'l 

gr~ph~d. dÙ'ec'tly fromthe original Polar()id,'pr'irits~tit.reducedi.ri< ' .. . ,":, ': '.: ;", 

.. 
. '. ~. .,. 

,size and inverted from white-an-black t~black;.;~n;'whit~~ ;,Theup'per":> 

most trace in Figure 9 is the averaged response takenclUd~~:the:'<'" 
performance of task D (Multiplication). eNV 

30 .::.v. at the time of the TS. Its return to the pretrial voltage •. '" 

level (indicated by the line emanating from the start of the a~et"ag·ed.··· 

response) coincides approxima tely wi th the position of the RT h isto.~ 

gram which ranges from 420 ta 600 msec. The second trace is the same 

~IS averaged response, in the same session, during performance of 

task B (Same-different Judgments). In this case eNV reaehes a max-

imum amplitude of 48 ~v. at the time of the TS, and its return to 

pretrial voltage level coincides again with the RT distribution, 

which ranges from 400 ta 500 msec. Finally, the lowest trace repre-

sents the averaged response of the same S in the same session during 

performance of task A (Simple RT). The eNV amplitude in this trace 

is 34·L;V. a t the TS, and the slope of its return to the previous 

voltage level is much sharper than in the previous two avèraged res-

ponses, coinciding approxima tel y with the RT distribution, wh ich 

ranges from 200 to 300 msec. 

In Figure 10 the same juxtaposition of RT distributions with 

averaged responses is shown for another ~, whose RTs were consistently 
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Figure 9. eNV 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 onset. N: 20. Subject: T,D. An up-
ward deflection indicates a negative potential change at 
the vertex. 
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. . . 
longerand.morevaried >.than those. of the S in Figure 9. 'l'he cor-

, .. ." .' ", 

·reîa.ti~n:bet:w~etl·RT.~nd .ê~\Tt'erini~~tionis. in evidencein Figure 
' .. ,-", '; ' .. 

LO·~>:~ui:::':th·e;'iëtiJt~.'.0·f:;:Cmr:t6;th~. ;prev:i()~,~,:~;?i:ta~~: 1 evé ~"" 0 c:cur scon­

,\ii~~~.Ù1·af;~~f~~,èdiS tr ibùt;~n,. illste"d. o~~;;~~~i~ing wi th}"., • 
~$.'i~·F{gÜr~·:9~>' " : ..• ,.;:.;:,'.:'" ····:r. ,; .. 

,:::'" ,::,.!:", ", ',,' '", '::'::>; ..... ,':."., .' ..... ',' "':', ::',:,' . 
. ,.' :,. ",:.", : .. : . <:;.~;: .;.: " ,," . ; :~'. ,:".: . ," :. . . 

:"i~i~:'th'~~ppermos t' trace inFigu~~·î6·,~.:itr:c·i·1~?{~~c:~:\.t~Ê/,~.èf;y',high:, .....•.. 

the RTs between 700 and 1000·~set.:.E:~~Y~~!·thë:i~~~':,':·:~b'e~·: > .. , • 

, ',"- .~ : .. '; ... ::.,> .'.; .' '.' .... :. "'"'. ".', "-.:': ': :,'-;:" .. :' ........ 
. ~ ... ' ;; ..... ' . . , ' 

juxtaposed to the other two responses in FigureTO~:;5h~:/~·~s~.?1l\~·:'~,si:· 

unambiguous, so it is used in the data analysis. cNv~mpi.{·t.J~~.·::fri:., 

this trace is rela tively low--only 10 .uv. a t the TS, and because. 

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

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

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

long enough. However, the positive slope starting from the nega-

tive peak 680 msec. after the TS is presumably the start of the re-

turn to previous voltage level and it corresponds roughly to the RT 

distribution. 

The second trace in Figure 10 helps to clarify the events in 

the first .trace. CNV in tbis case is high enough in amplitude (30 .' 
... ":" .. :" "::":"'; . ;, : 

. .:.v.) that the SEP in response te the TS cannat be confused with the 

ré turn to' prev~ous voltage levelofCNV,.which occurs about 980 msec .. 

afterTS, or rough ly 400msec .after. the ·RT distiibution,wh ich 

ranged from 400-600 msec. In the third trace, CNV ~mplitude is 

again about 30.lv. and the return to previous voltage level of CNV 

occurs about 450 msec. after TS, or roughly 150 msec. after the RT 

distribution which ranged from 250 to 300 msec. 

. ', ....... . 

'", ,': 
': .... 
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Figure 10. CNV duringthree different RT tasks using identical stimuli: multiplication of digits (upper trace), odd-even judgements (middle trace), and simple visual RT (lower trace). Sweep time:. 2000msec. 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 def­lection indicates a negative potential change at the vertex. 
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In Figure 11~i~i1~~ data are presented for another S. 
" ", '. ,,', "',,,: 

',"1 

. .... '.:. ".; , .... ; ' .. : .. : " 

CNV 

:R~tu~'n~f>CNV:to t:hé'previoLi~~ci1tage "leve1 in the two traces occurs, 

,:i:;:;'s~:s:~v;fi;~t~:"~~.~~!~i.!j~f;~~~C~;~1:;::r~:1t::n~n,e~ch "ca se about 
,,: .,' ~,:',F'~~~,.'Fig~~'~f(~/~' "'l;,O~' ,:'a'~d" iJ>':if: :i's:':~Ï'~âr ,:.:t:ha,t", there . is 'a cor-

r~l:tio~~etwe:n,:·.~; :'a~d i~~~.·· .. ·~i~~;:5";i~~:~,.,:;,,~, p(#vl:;~~;~. ~re t,r:,ia:l 
.' , ." : ;..... .... ','" 

, " ,..é~h~r~,r"~:~i~.;:,·:~~,~'~,~::·,:~s ,~b': éviëi~ri~:e; :/~r':'a>~~,rrel~ t io~ 
• betwëeilCNVampli:tûde'a~d' l~t~~cy of. 'th~',: iét~r~·'·of CN~<:tqiù; ,pre-

.. . .. ': :,' '.: .... ,.: .:' ...... ',,'" '. "".:;"~;.' ..... ".: .. ,:,- ',: ."'.:' "';:, " :~'" ":,~ '~.',' ", ',; 

vious, voltage level:'::,.F~rt:he·~,co~fil:'Ù)ation ,~f,th~pbrr~iat{brib;e'~> ' 
.; t." i' .'. .. .,' " ',' ". . ': .;' : .. ', .... ,.... : .: :~ .... 

tween RT and 'CNVduriùibnwil~·be!f~undin.,the~.i~UreS'iI1AppeJidiX I. 

!n:(i.gur~12,t~~'-trac~s, a:,:,~ prese~tedwh:ich' demonstrate, the 
,: .. " . ." .. " 

effectof.pr~ctice,on CNV. ".Itissho~he:r~ :thatif S' s:mOtivational' 
.. 'J, 

level is sustained CNVwill, not habitua te completely, , and the cor-
. .,. . , . 

" rela'tion betweeri durationof eNV and RT will continue to be found in 

lateas ,well as inear1y trials. Theuppermost trace in Figure 12 

is the same as the lower trac~ in Figure Il. The bottom trace in 

,Figure 12 is a similar averaged response taken during !'s perfor-

mance of the 'same task:butafter a great deal morepractice. Note 

that RT has ~hortened slightly but not signifièant1y, and the time 

of return to the previous voltage 1evel of dNv is unchanged, when 

compared tothe uppermosftrace. Interestingly the SEP to the TS is 

much larget in the 1ater trials; the exact cause of this i8 not 

evident, but could possib1y relate to a practice-related reduction 

of the variance of the 1ate components of the SEP, sometimes called 

the Vertex wave. Such reduction in variance would enhance the signal-

to-noise ratio of the signal, making it appear higher in amplitude. 
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Figure 11. CNV during two different RT tasks using identica1 stimuli: 
simple visua1 RT (upper trace), and same-different judge­
ments (lower trace). Sweep time: 2000 msec. WS: warning 
signal. TS: task signal. WS-TS interva1: 1000 msec. RT: 
frequency h is togram 0 f dis tr i bu t ion 0 f RTs. MRT: mean re·> 
action time, measurèd from TS onset. N: 20.' Subject: E. 
G.R. An upward def1ection indicates a negative potentia1 
change at the vertex. 
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Figure 12. 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: 1000msec. RT: frequencyhisto­
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. 
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Conclusion'. From the' resul ts ofExp~rimerit l, :i.t is evident 

that a correl~tionexists betweenthe duration of eNV and decision 

time ;ancl ç~i1Versely that eNv duration and. the timing of the TS 
'.:" 

,.' . a'l,'"eindep~riderit'o:Ë" one>anothe~ •. This 'corifirms .'one of the general 

'. ..... .' .•. }n~i~~t~';n·~aF~~~li~prora~d~ystUdi-~h?t'~\liSrela :.ed · ta ~arne 
·'.;.':~_~:s·~â;~~\i~':~.(â:&~.··,Of::.·~h:è:i~:S~6hs::;··~~~~i~~~;··.;···~~·f/:it:~:.i~.::·r:~iatêd ···to··· '._ 

s~~e' ~';.r ~'8,e.~~F 1: ~~:c ~ •• ~; ~!'r.~: cal:res p~n~ e tg eVid enti:a~ti1~ •.••. 
'.' .,,' ·à~'t·M~:i~:~èi·tli~~~~~clY··,. irt()r.th~ .. ~;~lora ta~~·s t~d:.·Jid It' .. ' 

<··.<:m~lt:~i;what itÙ.rid·of: behavf.oralrespohse wasbeihg·perf~rmed·;:.· l t: 

" .. ,.: 

... : .... '.~,'::.. . 

·;~~t.t~~edi'·cirtlytha t sorne response was invol ved in the task, and 

that ~ had to momentarily limit his range of associ~' 

i::ati()~sin order to concentra te on the task. 

"'ih~ independence of eNV dura tion from the timing of the TSis 
.. . 

strol1.g:.b~havior1:Jl evidence that eNV is not concerned with the pro-
............. .: .. 

cessi~gof stimuli per se, even in a task contingent upon a TS .. 

H~we~~r,corresponding electrophysiological evidence that eNV is 

. ··distinguishable. from the late "nonspecific" components of the 

cortical SEP to exteroceptive stimula tion would enlarge our under-

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

Experimerit 2 was ~oncern~d. 

'. ,.". 
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Experiment II 

In this experiment l a ttempted to deternaine the rela tion of 

CNV to the human "nonspecific" cortical response to exteroceptive 

stimulation, as measured by averaged sensory evoked potentials 

(SEP). Knowledge of this relation, whether it be one of inter­

dependence or of independence, is of critical importance in 

assessing the functional significance of CNV. If the SEP and CNV 

are interdependent--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 eNV 

are at least to sorne extent separate from whatever processes are 

responsible for SEPs. 

In order to test the relation of eNV to the SEP it was 

necessary to measure the SEP during the course of eNV, rather than 

near the time of presentation of the TS, when eNV 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 eNV because the two responses summate. An example of 

such distortion is given in Figure 13. The lower trace shows a 

eNV 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 

eNV to the same task from the same ~, with a more graduai return of 

CNV to baseline, and hence a more graduaI slope; the SEP to the TS 

here is less distorted, but still follows the slope of the De 

activity. Finally, in the top trace, a similar SEP from the same 
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Figure 13. 'Distortion of the SEP by CNV. Upper trace: SEP superimposed 
on relatively flat CNV.Middle trace: SEP superimposed on 
CNV at time'of gtadualreturn to pretrial voltage level. 
Lower trace: SEP superimposed on eNV at time of abrupt re­
turn to pretrial voltage level. Sweep time: 2000 msec. WS: 
warning signal. TS: task signal. WS-TS interva1: 1000 
msec. SEP: sens ory 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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~ is shown superimposed on a relatively fIat CNV which is sustained 

for the whole duration of the trace~ Note that the SEP here appears 

ta be relatively undistorted. 

In the two lower traces it is impossible to determine whether 

the amplitude of the SEPhas been modified by CNV since the real 

w:lvefqrm of tj,~ SEPhas been obscuredat least in part by summation 
.':, .. : 

··~:~ith6tl~~r~ti~e"locked neural'activüy. ·.Any attempt to measure the 

. "intè'ractiori'~t'cNV,and theamplitudecif the SEP must therefore avoid 
" .. '.' ............ : 

'dfstortïcil1'oftl~e SEP" Às much as possible. 'This means that the 
. '. ~.,. 

w~ic~ sum~at~~cwith the SEPshould be ,as fIat as 

'p:ossiblec1uring the periodoftheSEP. to thestimulu5. ,In addition 
: -, '. . 

to,avoidingdist6rtion of the SEP, '. a~tudyof.the interaction of 
: ... : ... , : .. ':, 

the'~EP,and CNV should take into account variations in the SEP due, 

,toatfentionalfactbrswhich'may be indepéndent of .eNV itselL 

Bath of thE:!se requiremènts,~voiding distortion of the SEP 

andco~troliing~ttenti6nalfactors, were met in the following 

experiment. S p'erformed a selective RT task with a fixed foreperiod 

of 1500 msec; Once ~ had become accustomed to theforeperiod and 

his CNV w~s fully developed, sensory stimuli were presented during 

the occurrence of CNV. The SEPs to these stimuli, superimposed 

upon the corresponding CNVs, were averaged on the CAT computer. 

The experiment is presented in two sections. The first part 

presents evidence that the presence or absen~e of CNV does not 

alter the late components of the SEP. The second part demonstrates 

tha t induced changes in the ampli tude of SEPs due 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 ~s and electrode placements 

were as described in the General Method section. The ~s' DC poten-

tials, eye movements and reaction times were recorded on a polygraph, 

'along with a record of stimulus events.Throughout theexperiment ~ 

performed a selective RT task; The TS was thE! same as in Experiment 
- ,:' :':.'':;: '."... ' ". 

l, exceptthat instead of two digi,ts, it consisted of a single digit. 

S was.instructed to press the' reaction key as fast as possible when-
, ' , 

ev~:ran-évenntlril.ber appeared on th~'screen. ,', S '8 DC potentials during 
.. ' 

". ' -

peif~rmance of the taskwere averaged on the GAT computer in epochs 
. ." '",' ,:'-

of 2000 mseè. " Trials were presented in blocks of 200, of which half 

were "press" and half "no press" trials. Intertrial intervals were 

randomly ordered and ranged from 3 to 6 sec. in duration. 

The RT task was performed under three conditions: 

(a) NO WARNING SIGNAL. The TS was presented at irregular in-

tervals. S had no precise timing signal by which to anticipate the 

TS. 

(b) FlXED FOREPERIOD. In this condition the accoustic WS 

described in Experiment l was presented 1500 msec. before the TS on 

aIl trials. 

(c) FlXED 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 fàre-

period was either 500 or 1000 msec. in dur.ation, never both. For 

any given session, the stimulus presented with the shorter fore-

periodwas either the. flash or the digit, never both. The S was 

instr~cted:t()conc~n.trateonproducing the shortest possible RTs 
,:, . 

, .:. . ~ , .... 

·dur.in'g .the~oref:requent.foreperiods. This was to force him to 

c~nce~·:~f~.t~:·:,:6n:·~heI5bb msec. f()r~ped.od and to minimize any 
" . '.:.,.::,'.,' ",':' 

··.tend~ii,c:y ~ô;p:edicttl1e occa~i~nalsh6rter foreperiods . 
. .. " 

The first 't:woconditions were usedonly as controls. The 

'outcOI11eof the experiment hinged largely on the third condition, 

in.which itwas attempted to superimpose an SEP on an evenly 

. sustainedCNV .Under the third condition, the.ê.' s concentra tion 

was time-locked to the more frequent 1500 msec. foreperiod. 

Because of this, CNV was often successfu1ly 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 DG record for 2000 msec. 

after WS on the 10% of the trials with shorter foreperiods it was 

possible to observe both the CNV, and the SEP to the stimulus 

superimposed on the eNV. This technique was difficu1t inasmuch as 

.ê. after several hundred trials often became aware of the relative 

frequency of the shorter 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, .ê.'s concentration upon the more fre-

quent foreperiod was sufficient1y strong in over 50% of the sessions, 



- 43 -

tha t eNV persisted 1500 msec. even on the infrequent shorter 

foreperiod trials. The Resu Its section is based on the da ta of 

such sessions. 

The criterion for judging the strength of ~IS concentration 

on the 1500 msec. foreperiod was the waveforro of the averaged De 

response during the corresponding block of trials. Typical wave­

forros are illustrated in Figure 14. Note that CNV in the upper 

trace is sustained until the point in time at which the more 

frequent TS would havebeen presented, despite the fact that the TS 

was presented at 500 msec. This is taken as indication that eNV was 

well time-conditioned. In the middle trace CNV was not sustained; 

note that eNV 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 ~ was not producing a eNV 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, aIl the traces in this analysis 

were averaged during "non-press" trials exclusively. 

Results. The averaged De 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. In both, eNV appears to have continued throughout 
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Figure 14. Illustration of a "sustained" CNV. Upper two traces: res­
ponse averaged during occasiona1 shorter foreperiods, under 
condition 3. Note that in the uppermost trace the De vol­
tage immediate1y after the SEP is the same as immediate1y 
before the TS: this is considered a "sustained" eNV, due 
to the fact that ~ was concentrating on the longer, more 
frequent 1500 msec. foreperiod. In the midd1e trace, the 
De voltage immediate1y after the SEP returns to the pretria1 
1eve1: thus eNV is not "sustained" in this case, and the 
SEP cou1d not be seen c1ear1y because of distortion. Lower 
trace: CNV obtained under condition 2; note that the De 
1eve1 drops immediate1y after the TS, and remains at the 
pretria1 1eve1. Sweep time: 2000 msec. WS: warning sig­
nal. TS: task signal. WS-TS interva1: upper trace, 
500 msec.; midd1e and 10wer traces, 1000 msec. FFP: time 
of termination of 1500 msec. frequent foreperiod. SEP: 
sensory evoked potentia1 in response to TS. N: 20. Subject: 
T.D. An upward def1ection indicates a negative potentia1 
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 thelàrge positive late waves in the two upper traces are 

virtually similar. Amplitude of the positive wave starting about 

200 msec. after the. stimulus is 30 U~ in both. cases. 

The thii-d trace was also obtained under condition 3, but the 

TS was presented 500 msec. after the WS on 10% of the trials. CNV 

appears to have been sustained throughout the SEP to the displaced 

TS, since the SEP termina tes at thesame De level as prevailed at 

the TS presentation. CNV then continues to go further negative, 

reaching a peak amplitude of about 40 uv. at the end of the more 

frequent 1500 msec. foreperiod, then slowly returning to baseline. 

The form and amplitude of the SEP are similar to those of traces 

1 and 2. 

The four th trace, obtained under condition l, provides a 

control for the upper three. There is no eNV during this trace; 

such fluctuations in the baseline as 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 eNV in these traces: the 

early components are large in traces 2 and 4, and small in traces 

land 3 . 
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Figure 15. SEP to the TS, superimposed on sustained eNV. Upper three 
traces: responses were averaged only during occasional 
shorter foreperiods, under condition 3. Lower trace: res­
ponse obtained under condition l, 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 genera1 findings emerge from Figure 15. First, slight 

fluctuattons in waveform occur independently of the presence or ab-

sence of CNV. And second, the overa11 amplitude of the SEP is not 

affected in any consistent way when it is superimposed on a fair1y 

flat CNV; these findings are reinforced by the remaining evidence 

presentedin Appendix 2. 
. . . ' . 

Aft116~gh the SEPs of most Ss were predominant1y positive in 

po1arity, .. twa§.s produced consisteni:1y negative SEPs; this provided 
.... . .. ". . '. 

an opportunity ta study the re1a.tion of SEP polarity to CNV. In 
",' ," .' 

. . . 

Figure 16 two predominant1y negative SEPs. are presented. In the 

upper trace, eNV is about 15 uv. in amplitude at the TS, and appears 

to have·· been sustained throughoutthe time of the SEP to the TS. The 

lower trace was obtained under condition 1. Note that the SEP is 

essentia11y thesame as in the upper trace, despite the absence of 

CNV. These data, taken in conjunction with those of Figure 15 and 

Appendix 2, demonstrate that the po1arity of the SEP does not affect 

the independence of the SEP from eNV. 

In Figures 17 and 18, data simi1ar to those in Figures 15 and 

16 are presented, but for the flash stimulus, de1ivered ear1ier than 

the usualTS on 10% of the trials. In Figure 17 the uppermost 

trace is the averaged response under condition 3. eNV at time of 

stimulus 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 averagedresponse to a stimulus presented 

again under condition 3. eNV 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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Figure 16. SEP to the TS, superimposed on sustained eNV. Upper trace: 
response was averagedonlyduring occasional shorter fore­
periods, under condition 3. Lowertrace: response obtained 
under condition 1 with noWS. 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. 
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Figure 17. SEP to a flash, stiperimposed onsustained eNV. Upper 

: .',. 

trace: response was averaged only during occasional 
shorter foreperiods, under condition 3. Middie traces: 
response obtained under condition l, with no WS. Lower 
trace: response was averaged only during occasional shorter 
foreperiods ,under condition 3. AU traces were obtained 
during a single testing session. Sweep time: 2000 msec. 
WS: warning signal. WS-Flash :i.nterval: 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 occasiona1 shorter 
foreperiods, under condition 3. Lower trace: response ob­
tained under condition 1, with no WS. A11 traces were ob­
tained during a single testing session. Sweep time: 2000 
msec. WS: warning signal. WS-F1ash interval: upper trace, 
1000 msec. SEP: sensory evoked potential in response to TS. 
N: 20. Subject: P.M. An upward deflection indicates a 
negative potentia1 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 

eNV 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 conditions of eNV. No significant differences exist among 

the la te components of the SEPs in Figure ÜL There are differences 
. .. . 

between the three traces· in the earlier negat~vewave at 100 msec., 

which are greatest in the upper trace; but, as mentioned. above, 

variations inthis earlier wave are common in these experiinents 

and apparently not systematically related to eNV itself. 

In summary, the data of Figures 15 to 18 support the hypo-

thesis that eNV and the late components of the De SEP in response 

to visual stimulation are functionally independent of one another. 

When experimental conditions are manipulated so that the SEP is 

superimposed upon a relatively fIat eNV, it can be seen that the 

late De SEP is virtually unchanged during eNV, whether or not the 

superimposed stimulus is similar to or different from the TS. 

The Effect of Stimulus Relevance on the De SEP 

During Sustained eNV 

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 

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

domly interspersed. Since theTS was presented on a11 trials, inc­

luding the lO%with a flash atH"OOmsec;, §.'sconcentration on the 

foreperiod was goodandal~ays served· t~sustain eNV until th~TS at 

1500 ·msec . Byaveraging fora 2000 msec. epoch after the WS, it was . 

~os~ible toobserve the SEP tb .the inf~equent flash superimpo~edon 

eNV. Th~ r~ason the flashat BOO.msec. was presented on only 10% 

of the ~rialswas so that S would not use it, rather than the WS,' 

as a tim:Lngsignal. 

The significance to §. of the infrequent flash of light was 

varied in two ways~On half the sessions S was instructed to ig-

nor~ the flash of light, and to concentra te only on the TS which 

always appeared 1500 msec. after the WS. On the other half of the 

sessions, the flash of light was made relevant. S was instructed 

to change the rule for pressing the reaction key whenever the flash 

occurred between the WS and ~S: instead of pressing when the two 

digits in the TS were the same, he was to press when they were dif-

ferent. The De record was averaged during the flash stimulus trials 

only. 

The methods for recording the De 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 1eft were obtained under the 
Relevant condition: that is, when the flash of 1ight appeared 
S was required to .change the ru1e for pressing on that trial. 
Those on the right were obtained under the Irre1evant con­
dition: that is, S was instructed to ignore an~ stimuli 
other than the TS.- The upper two traces were from session 1; 
the lower two traces, from sesslon 2, one day 1ater~ Sweep 
time: 2000 msec. WS: warning signal. TS: task signal. 
WS-TS interva1: 1500 msec. WS-F1ash interva1: 500 msec. 
SEP: sensory evoked potentia1 in response to flash. N: 20. 
Subject: E.B. An upward def1ection indicates a negative 
potentia1 change at the vertex. 
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Figure 19 presents four averaged responses obtained during the 

irrelevant and relevant sessions. Note that in aIl traces the am­

plituàe of eNV was about 10 uv. at the time of the flash stimulus. 

Two findings emerge from Figure 19. First, the SEP in response to 

the flash was smaller during the relevant condition th an 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 De 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 Ss. Note that the SEPs in response to the flash for these two 

Ss are not smaller in the relevant condition: if 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 ~s: a negative 

wave fol10ws the flash SEP. It is possib1y a continuation, or amp­

lification, of eNV 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 c1ear1y 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 a1lowed 

for a more complete record of the activity following the TS within 

the 1imits 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. SEP to a flash during the fixed foreperiod of a selective 
RT task. The responses on the le ft were obtained under 
the Relevant condition: that is, when the flash of light 
appeared, ~ was required to change the rule for pressing 
on that trial. Those on the right were obtained under the 
Irrelevant condition: that is, ~ 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, 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, ~ was required to change the rule 
for pressing on that trial. Upper trace obtained 
under the Irrelevant condition: that is, ~ 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: sensoryevoked 
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 eNV starting after the WS. 

In both traces the amplitude of eNV at the flash is l5~v. 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 eNV are precisely the same under both conditions. The CNV re­

turne to previous voltage level shortly after the TS, and there 

appears to be later "rebound" De activity such as that described in 

the explora tory study. 

In summary, the data .of Figures 19 and 21 add further support 

tO,the hypothesis of the independence of CNV from the SEP. The am­

plitude of SEPs in response to relevant and irrelevant flashes of 

white light varied with changes in the significance of the flashes 

to~. The direction of these variations differed from one S to anot­

her,::but the varia tions were not apparently rela ted ·to CNV, since eNV 

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, aWS, 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 pola rit y 

was elicited in the absence of an overt response by ~ (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 specifie 

patterns of external stimuli or responses. Walter (1964) held that 

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 explora tory studies were designed to determine the behaviora1 

corre1ates of eNV within a broader range of performance than was used 

in ear1ier studies. My studies showed that CNV indeed occurs during 

performance of a variety of tasks which may not invo1ve expectancy, 

but invo1ve other cognitive functions, such asshort-term storage and 

rehearsal, and cognitive operations, such as multiplication. A fea­

ture common to a11 these tasks was termed "time-10cked concentration." 

Such concentration is characterized by a temporary stopping of the 

normal flux of what James (1890) ca11ed "the stream of consciousness." 

It is further characterized by a focusing of attention on a narrow 

range of associations for a pro10nged period of time, that is, a holding 

of associations. 

The question then remained whether concentration accompanied 

by eNV subserves the classification and channe1ing of sensory infor­

mation, or whether it subserves primari1y the response selection 

process. Experiments l and II dea1t with this question. 

In Experiment l it was demonstrated in selective reaction time 

tasks that a correlation exists between the duration of eNV and dec­

ision time, and converse1y that eNV duration and the timing of the TS 

are independent of one another. This constitutes evidence that the 

processes under1ying eNV are not concerned primari1y with sensory 

information, even in a task contingent upon a TS. 

In Experiment II it ,vas demonstrated that the 1ate components of 

the SEPs Ti.'ere not al tered during CNV. Taken in conjunction wi th the 

results of Experiment l, this constitutes further evidence that eNV 

may be dissociated from sensory events and sens ory processing. Taken 
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in conjunction with the resu1.ts of the explora tory studies, Exper­

iments l and II indicate that CNV 1s 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 described 

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 

De shifts might also serve to "hold" associations? The two most prob­

able sources of sustained surface negative potentials with the timing 

characteristics of CNV are, first, excita tory 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). 

De 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 excita tory PSPs and inhibitory PSPs in deeper 

cortical layers both change this balance in the same direction, pro­

ducing a surface-negative De shift. 

Fromm and Bond (1964) have demonstrated decreased firing rates 

in cortical neurons coincident with surface-negative De shifts. This 

provides sorne support for the hypothesis th;lt inhibitory mechaniSlllS 

play a role in eNV. It is improbable that excitatory dendritic PSPs 
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play a dominant role in producing CNV, because in an alert ~ 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 ori 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 betweeri. task-related firing patterns and irrelevant 

background activity. 

In contrast to the origin of CNV in cell somas, the origins of 

the late components of the SEP are probably in dendritic potentials. 

A recent review of the literature by Goff (1967) suggests that the 

late bdinponents::ofthe .SEP involve transmission in conunissural struc­

tures, and particula~ly in the corpus callosum. A view of the la te 

SEP as a product of changes in the inhibitory-excitatory balance 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 raised by the results of Experiment II. 

This experiment showed that CNV and the SEP sununate 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

excita tory balance within the dendritic arborizations, and thus the 

inhibition underlying CNV would sununate 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 either climb to the sur­

face arborizations to form small loops or descend into subcortical 

tissue to participate in larger circuits. In such a schema, obviously 

oversimplified, the processes responsible for CNV would allow "hori­

zontal" patterns of neural 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 l argued tha t neither of the tl.JO theories of 

the functional significance of negative cortical DC responses which was 

developed on the 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 (Cowen, 1967), which is a morespeci­

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. If one makes the usual assumption that associations are 

in effect specifie 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 1evel on1y those patterns of 

firing activated by the task wou1d remain above thresho1d, and on a 

behaviora1 1eve1 on1y task-re1evant associations wou1d remain active. 

In conclusion, l 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 strong1y suggested by my experiments, but cannot be said 

to be an estab1ished facto However, the proposa1 might be direct1y 

verifiable with chronic intrace11u1ar recording techniques. The second 

part of the proposal, that CNV subserves concentration on response se­

lection, is estab1ished in my experiments. Whether the latter part 

of the proposal exhaustive1y describes the behavioral correlates of 

CNV remains to be determined. 

Indications for Future Research 

Having completed the discussion of my experiments, l should like 

to make an observation on a parallel between recent neuropsychological 

and behavioral thinking about the higher-order synthe tic activity of 

the brain. 

It has been shown that the late components of the SEP are re­

lated to the re1evance, importance, and predictability of stimuli 

(Chapman & Bragdon, 1964; Davis, 1964; Haider et al., 1964; Satter­

field & Cheatum, 1964; Dustman & Beck, 1965; Morrel1, L., 1965; 

Vaughan et al., 1965; Donchin & Linds1ey, 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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thn 1.: Cl'V is to be considered as separa te from the la te SEP, both in 

its behaviora1 corre1ates and in its neurophysio1ogica1 substrates. 

Rather than being concerned with information or attention to stim­

ulation, CNV appears to be re1ated toresponse selection, that is, 

to sequences of response-re1evant associations. 

In short, by means of the averaged response technique two 

types of cortical potentia1 changes have been described. Both are 

associative or central in nature,--that is, they are not part of the 

periphera1 sensory or motor systems. However, one response, the SEP, 

is a function of sens ory information, the other, CNV, a function of 

response selection. l cannot avoid observing that this latter dis­

tinction p~ra11e1s the distinction traditiona11y made in psycho1ogy 

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, Ga1anter, 

& Pribram, 1960; Hebb, 1963). Perhaps future research shou1d be 

directed towards describing separate structural features of the cortex 

that cou1d subserve these two fundamenta11y different kinds 'of psycho­

logica1 processeB~ 
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SUMMARY 

The present study is concerned with the functional signifi­

cance of DC responses in the human cortex which are of negative 

polarity and fall within a duration range of approximately 500 to 

5000 msec. To provide continuity with the existing literature, 

these DC responses are referred to as Contingent Negative Variation, 

or'::CNV. In my experiments, as well as in most of those in the pre­

vious literature, CNV is studied in a variety of experimental para­

digms which involve the use of fixed-foreperiod decision tasks. 

A review of previous studies showed that the processes under­

lying CNV are not part of the primary sensory or motor systems, and 

should be considered associative in nature. Nor are the processes 

correlated with any specific pattern of stimulation or any parti­

cular kind of response. Rather, they appear to be related to an 

internaI 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 l attempted to arrive at a clearer definition. 

My explora tory study was designed to de termine 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 storage and rehearsal, and cognitive operations, such as 

multiplication. A feature cornmon to aIl these tasks was termed 

"time-locked concentration." Such concentration may be characterized 
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as 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 question was then asked whether the kind of concentration 

accompanied by CNV subserves 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 lit was demonstrated in selective reactiontime 

tasksthat a correlation exists between the duration of eNV and decis­

ion.time, and conversely that CNV duration and the timing of the task 

stimulus élre independent of one another. This constituted evidenee 

thatthe processes underlying CNV are not concerned primarily with sen­

sory information, even in a task contingent upon sensory information. 

In Experiment II it was demonstrated that the late components of 

the cortical response to sensory stimulation were not altered during 

eNV. Taken in conjunction with the data of Experiment l, this con­

stitutes furthe~ evidence that CNV may be dissociated from sensory 

processing. Taken in conjunction with the explora tory studies, Exper­

iments l and II indicate that eNV 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 specifie 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 

specifie patterns of neural transmission, then the holding of task­

relevant associations which characterize concentration might well in­

volve the kind of widespread cortical inhibition which could underlie 

eNV. 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 l 
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Figure A. eNV 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 distrihution of RTs. MRT: mean reaction 
time, measured from TS onset. N: 20. Subject: 
R.D. An upwnrd deflection indicates a negative 
potential change nt the vertex. 
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Figure B. eNV during two different RT tasks using identica1 
stimuli: simple visual RT (upper two traces), and 
same-different judgements (lower two traces). The 
traces on the 1eft were taken during the early part, 
those on the right during the 1ater 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 RTs. MRT: mean reaction time, measured from TS 
onset. N: 20. Subject: E.G.R. An upward de­
f1ection indicates a negative potential change at 
the vertex. 
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Figure C. CNV during two different RT tasks using identica1 
stimuli: same-different judgements (upper trace) 
and odd-even judgements (lower two traces). 
Sweep time: 2000 msec. WS: warning signal. TS: 
task signal. WS-TS interva1: 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. eNV 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 
l)otentia l chal1ge a t the vertex. 
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Part 1. 
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Figure A. SEP to the TS, superimposed on sustained eNV. 
Upper trace: response obtained under condition 
1, with no WS. Lower two traces: responses 
were averaged on1y during occasiona1 shorter 
foreperiods, under condition 3. A11 traces were 
obtained during a single testing session. Sweep 
time: 2000 msec. WS: warning signal. TS: 
task signal. WS-TS interva1: midd1e trace, 500 
msec.; lower trace, 1000 msec. SEP: sensory 
evoked potential in response to TS. N: 2b. 
Subject: G.T. An upward def1ection indicates 
a negative potentia1 change at the vertex. 
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Figure B. SEP to the TS, superimposed on sustained eNV. 
Upper trace: responses were averaged only 
during occasional shorter foreperiods, 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: 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 l, with no WS. AlI traces were 
obtained during a single testing session. Sweep 
time: 2000 msec. WS: warning signal. TS: 
task signal. WS-TS intervRl; upper trace, 
275 msec.; middle trace, 500 msec. SEP: 
sensory evoked potential in response to TS. N: 
20. Subject: T.D. ~n upward deflection in­
dicates a negative potential change at the 
vertex. 
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Figure D. SEP to the TS, superirnposed on sustained CNV. 
Upper trace: responses were averaged only 
during occasional shorter foreperiods, under 
condition 3. Lower trace: response obtained 
under condition l, with no WS. Both traces 
were obtained during a single testing session. 
Sweep t.irne: 2000 rnsec. WS: warning signal. 
TS: task signal. WS-TS interval; upper 
trace, 500 rnsec. 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. 
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Figure E. SEP to the TS, superimposed on sustained eNV. 
Upper trace: responses were averaged only 
during occasional shorter foreperiods, 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, 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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Figure F. SEP to a flash; supcrimposed on sustained CNV. 
Upper trace; responses were nveraged only during 
occasionsl shorter foreperiods, under condi~ion 
3. Lower trace: response obtained under condition 
1, with no WS. Both trJces were obtained during a 
single testing session. Sweep Lime: 2000 msec. 
\-1S: warning signal. TS: task signal. WS-Flash 
interval: upper trace, 1000 msec. SEP: sensory 
evoked potentiéll in rcsponse to TS. N: 20. 
Subjecf',: J .D. An upw"rd deflect.ioll indicates a 
neg,1tive pO"en/:ial change at the vertex. 
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Figure G. 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 
l, 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: sensory 
evoked potential in respollse to TS. N: 20. 
Subject: J.D. An upward deflection indicates a 
negative potential chAnge at the vertex. 
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FigureH. SEP to a fL1sl1: 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 èignal. 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. 
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Figure 1. SEP to a flash: superimposed on su.stained CNV. 
Upper and lower traces: responses were averaged 
on1y during occasiona1 shorter foreperiods. 
Middle trace: response obtained under condition 
1, with no WS. A11 traces were obtained during 
a single testing session. Sweep time: 2000 msec. 
WS: warning signal. TS: task signal. WS-F1ash 
interva1: upper trace, 1000 msec., lower 'trace 
500 msec. SEP: sensory evoked potentia1 in 
response to TS. N: 20. Subject: G.T. An up­
ward def1ection indicates a negative potentia1 
change at the vertex. 


