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I. INTRODUCTION

The basic experimental psradigm for development of‘the
contingent negative variation (CNV) aﬁpears to involve that of
a sonstant-foreperiod reaction-time experiment., In this task,
a warning or a preparatsry stimulus (S1)'is followed by an
. “imperative" stimulus (82), to which the subject makes a motor
response, Tﬁs CNV occurring in this experimental situation
was alresdy reported in ths famous 1964-paper by Walter and
his colleagﬁss (1) and since then, this'task was frequently
used in slow-potential studies conducted also in.other

laboratories.

Irrespective of these research efforts and those in-
volving different kinds of experimental setups, the psycholo-

gical and behavioral significance of the CNV phenomenon is still
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far from being clear and there is no reason herein té deliver
the traditional long list of candidates for a psychological
correlate of the CNV with which so many artlcles dealing with
the Phenomenon begin. My present purpose is to discuss the
contribution'coming from the reaction-time experiments of the
‘CNV to our understanding of its psychological and behaviorai

significance., On what is it contingent in the reaction-~time

situation? Let us review recent experiments.
II. STUDIES OF THE CNV IN THE REACTION-~TIME SITUATION

All the investigations'on thé relationship between the
CNV and tﬁq reaction time report a CNV preceding the imperative
stimulus (Sz) if a warning stimulus (S1) was delivered. To
" use a relatively short, approximately omne-second interstimulus.
interval and to instruct the subject to respond motorically as
fast as possible to the second stimulus, is one of the most
reliable ways to demonstrate the CNV phenomenon and one which
usually produces a CNV of considerable size. Now, the question
is what this slow negative potential signifies.

Naturally, it was first thought that this phenomenon
~ probably is an electrophysiological sign of preparedness to
reaét, and to clafify the issue, a comnsiderable amouﬁt of
research effort was launched af the relationship between the
amplitude (sometimes‘area) of the CNV and the reaction time.
As a result, many investigators repprted a statistically
~ significant relationship between the size of the CNV and.the

speed of the reaction.
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Unfortunatély, most.of the significant relationships
provided were rathgr indirect, coming from experiments in which
the manipulation of‘a third vériable.either speeded up the
fesponsé and amplified the CNV or slowed down the response and
attenuated thé CNV. To take an example, Irwin; Knott,-McAdam
and Rebert (2) were able to produce shortened reaction times
and hqightenéd CNV's by raising the intensi#y of the electical
shock that seﬁed as S,. Hillyard (3) remarks that "the
incremented shock, however, may have caused the increase in CNV':
by one mechanism and the decrease of RT by a completely inde--
pendent one, making the. observed correlation ‘spurious?

(p. 356).
| Rebert and Tecce (4) give the following list of experi-
mentalimanipulations yhich alter the CNV or the RT and produce
~associated changes in the other variable:
; Distraétion reducea the CNV and increased the reaction time
and reward increased the CNV and decreased the reaction
time (5); '
- Stroﬁg shock increased the CNV and decreased the reaction
time (2);
- Avoidable shock incréaséd the CNV and decreased the reaction
time (6);
- Drowsiness decreased the CNV and increased the reaction
time (7);
= As interstimulus interval increased, the CNV decreased and
the reaction time increased (8);
-~ Successful lobotomy preduced an increased CNV and decreased

the reaction time (9);
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- Ahxiety produces a smaller CNV and a longer reaction time (10);
- Ahtering-nature of thé interstimulus interval produced a
smaller CNV and a slower reactlon tlme (11), -
-'-_SubJects w1th a 1arge CNV dlfference between spéed and relax

condltlons also had large dlfference in the reaction time (12).

They have, however, found also many instances where

experimental manipulations produce a dissociative change in

the CNV and the reaction time (4). - , .

A ﬁoré:direEt.apﬁroaéh t6 the'pfbflem can ﬁe foun&,
for example;.in an important and often cited work ﬁy Hillyard
(3) which; according to Rebert and Tecce (4), includes ten out
Qf the 19 correlation coefficients concerning the CNV - reaction-
" time relafionship found by tﬁe authors in.their 1it;rature
‘survey. In Hillyard;s'study, five of the ten subjects used
were reporﬁéd to demonstrate a stgtistically significant negati%e
cofrelation ﬁetweeﬁ the CNV amplitude and the RT. Thé auﬁhor
concludes that, under constant conditions, the CNV "can index
a feSponse-governing process fhat w;xes and wanes.spontaneously

over periods of seconds and determines inverse changes in

RT" (p. 357).

This'cqnclusion possibly is‘optimistic for‘the following
reasons. First, we should remark the very large fange of
reaction times of those subjects who showed significantli
correlations in this task which usually has a relativély small

_ .variance (13). This large variance apparently was due to the .
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use of inexperienced subjects. One of the effgcts of practice
in a performance task is a greatly reduced variance and

presumably this reduction can mainly be attributed to the .

elimination of conspicuous failures, i.e., very long reaction

. times. These were frequent in the data of the five subjects

showing significant correlations and a closer look on the data -

gives the impression that the statistical significance of the

-

" correlations is mainly resting on these extremely long reaction

times connected with low CNVs. If .only the normal range is

_examined, no CNV - reaction-time relationship seems to exist any

more with two of the five subjects concerned and the statistical

-

oy

[

significance of the appearing tendency is in danger with the
three other subjects (see figure 4 in Hillyard's article). The

CNV cannot be considered an indicator of preparedness if the

"CNV is able to indicate only failures but is insensitive to the

normal variation in the reaction time.

Another remark relates to the gnexceptionaily high fréquéncy
of the anticipatory reactions. In the data of two of the
subjects showing the ﬁost convincing relationship between the
CNV and the reaction time, approximately 15-30 % of all the
responses were of anticipatory nature (<L100 msec). ESpeciallyu
for naive subjects it is extremely unqsual to react with less
than 100 msec without anticipating. This naturally leads to
the assumption that these data are not reaétion—time - data.
Instead these data to a great e#tent indicate.the.degrée of
sﬁccess-of the subject in trying to synchronize the response

to S, with a delay somewhat longer than the S,-S, interval.



— 126 —

According to Ollman and Billington (14), this kind of strategy
isireadily adopted by the subjects when short constant inter-
Istimulus intervals are used without éatch trials, With a large
percentage of anticipatory responses in an experimental
session, even reaction times of mnormal length, accordiné to

. 01llman aﬁﬂ Billingtoﬁ, are no guarantee that the subject did.
not use én anticipatory sfrategy even at these trials. Thus
Hillyard's data partially reflect a process different frém
getting prepared to respond which further complicates the
'inferpretation af the significant'correlatioﬁs obtained, This
study deserves, howevgr, comﬁendation for its careful control
of ocular artifacts and of learning, habituation and fatigue

effects.

In Waszak and Obrist's iﬁvesiigation (12), the anticipatory
strategy was effectively prevented by introdﬁcing a disjunctive'
reaction éask in which the imperative stimulus could be either .
positive (respond) or negative (do not respond). Thus, the
subject had no advance knowledge of whether a response was
required or not. Also their subjects were more practiced
than in the.afore—reviewed study. Using within-subject data,
the former investigators compared only ten fastesé reaction |
times to ten slowest reaction times leaving some 25 inter-
mediate ones outside the analysis, a disadvantage in compar-
ison to Hillyard's work in which all the reaction times
obtained eniered into the statistical analysis. Now the
possible too fast and too slow fesponses became overrepre-

"sented. LIt is difficult +o estimate the significance of this
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. effect as neither the standard deviations nor the ranges of
the reaction times were indicated, In any case, a statistically
significant negative relationship between the variables was

reported.

Unfortunately, no control againét the possibility of =a
spuriﬁus relaéionshipﬂinduced by a third factor affecting both
variabiés during the course of the expérimental session wasl
reported - some amount of practice is no guarantee in this
respect. No information involving the changes of the reaction
time and the CNV during the course of the session waé given.
Moreover, the kind of the experimental task used, the dis-
Junctive reaction task, also raises the question of the
possible effect of the right and wrong guesses on the relation-
ship established. It is well es-tablished that at some Itrials
- the subject feels the possibility of the Yes-stimulus more
probable than at some other trials - this is,among'other
factors, determined by the stimulus categories of the preceding
trials. A high subjective probability, or expectancy, of the
* Yes=stimulus (the significant stimulus requiring the motor
response) presumably induces a high CNV and is also known to
expedite the resbonse (15-17). Similarly, a low subjective

probability is likely to be accompanied by a low CNV and a

slow reaction time.,

A very interesting subsidiary observation involving a much

higher amplitude of the positive component of the evoked

. response to ,the“No-_Res‘plonse__S2 at_ahlatgngxlof appro;imgte}y.ﬁ.'Lhu
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300-400 msec, compared to that associated with the Yes-Response
Sz; was reported.,. It was mentioned, however, that the latter
was much broadef.. Maybe this amplitude difference can partia;ly_
be exﬁlained by the higher degree of time-~lockedness of the
positive deflection ;ffer the No-Response Sz, owing'tﬁ the
presumabl§ smaller temporal variance of neural events in this

case,

Connor and Lang (1969),‘in a study involving simultaneous
changes.of the heart rate'and the disjunctive or the simple
. reaction during a fore-period of 5.76 sec (from the offset of
s, with a duration of 1.92 sec), also studied.within-subject
relationship between the CNV amplitude and the reaction time,
by averaging the CNV over five fast and five slow trials in

each condition for each subject. The main effect of the within-

subject reaction time was significant for the CNV.

Many of the remarks made with réSpect to the works reviewed
above also apply to this investigation, No information was
provided as to the variation of reaction times and we are not
able, therefore, to estimate if it were appropriate to consider
the relatioﬁship reported partially an effect of an "over-

' stretched" performance variable, as described above, which
possibility is ehhanced by the use of relatively inexperienced
subjects (one practice session)and the comparison of the (few)
trials with most deviating - in either direction - level of
performance., No‘check was reported with respect to the

. possibility of compariﬁg groups of trials frq@ different phases
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‘of the experimental session when the five fast and the five
slow reactioq times were compared, Moreover, in this part

of the iﬂvestigation, the eye movements were.not recorded and
the number of the anticipatory responses (both reaction tasks)
and of the wrong responses of the disjﬁnctive reaétion—time‘
task was nof.reported. The frequency of fhe antiéipatory
responses must have been félatively low, however, owing to

the use of a rather long interstimulus interval (5.76 sec).

In their imporfah% study on the nature of the psycho.
logical correiate of the CNV phenomenon by means of dis-
_ traction introduéed prior to or-within S1-S2 inter;al, Tecce
and Scheff (5) correlated the CﬁV amplitude and the simple
reaction time within their no-distraction trials using an
- interstimulus interval of 1.5 sec. For each subject, (single)
CNVs for thesfaster and slower haivés of all reaction times |

were grouped to yield two averaged CNVs - one for the faster

and one for the slower reaction times.

Né information regarding the relative positions oflthe
fast and slow reaction times within .the experimentél §ession-
was provided, unfortunately. If there wege systematic
differences in this reépect, then it would be possible that
the relationship obtained between the two variables in a
matter of fact is a reflection of their dependence on a third
variable, This possibility is increaéed by theif probable

use of inexperienced subjects = the authors make no mention

* "'as to the degree of training the subjects were given before
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experimental session. The use of inexperienced subjects is
also apt to increase the range of reaction times by intro-
ducing "failures", occasional exceptionally ipng reaction
times, a ﬁoint diécussed earlier in the present paper.
Unfortunately, reaction times, théir means, standard deviations

and ranges, were not reported.

Another remark relates to the recording of eye movements

which was done only for four subjects.

There are also étudies in'which no significant correlation
betweén the CNV and-reaction time was reportéd. The principal-
goal in the inveséigation by Peters, Knott, Miller,'van Veen
and Cohen (11) was to study the effect of the termination of the
imperative stimulus by the éubject's own response (vs. automatic
termihation) in a éimple reaction-time situation. The constant
interstimulus interval used was 1.5 sec. The CNVs developing
during the foreperiod were compared between two conditions:
the imperative stimulus is (a) a single flash; (b) a train of
flashes (lasting maximally up to 600 msec) terminated by the
subject’s response if given within 600 msec from the
imperative stimulus. It was found that the amplitude of the CNV
was remarkably larger under the latter condition which result

was suggested to reflect differential levels of motivation.

As a side result, mno significant across-subjects
correlation between the CNV and the reaction time was reported

(Spearman’s rank-order correlation) within each condition but

Lo vl L,
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within~subjects cofrelations were not calculated. The
correlétion between the reaction time and the trial number
duriLg the sessiqn were also unreported as well as the range
and the standard deviation of the-rgaction'times. No
information involving anticipatory responses was prbvided.
The reader is somewhat puzzled ﬁy.the great difference in
’reaction times between the conditions: +the single imperative
stimulus - 5&4 ﬁsgc; the répetitive imperativé stimulus -

224 msec. Eye-movement artifacts were carefully controlled

in this study.

In an early iﬁvestigation aiming at demonstrating the
importance of motivational factors in the genesis of the CNV,
Irwin, Knott, McAdam and Rebert (2) reported ﬁaving found no
statisticall& significant correlation between the CNV and the
reaction time iﬁ their first experiment.1 This observation
relates to an experimental condition in which a tone from the
right-hand loud speaker was followed by a visual stimulus at
a latency of 1500 msec, (The subjects were instructed not to
respond if the first signal was given by the.left—hand loud
speaker.) The data for responses to the right signal were

§

! In the summary of their paper, Irwin et al.,, referring to

their second experiment, write that "although reaction times
were significantly shorter to the strong shock, a significant
correlation between CNV magnitude and reaction time could be
demonstrated only within the weak shock condition", There is
no additional information on this specific point elsewhere

in the paper, however.
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analyzed to compare, for each subject, the amplitude of the
C of the ten fastest and ten slowest trials. The mean
difference was not significant (related t = 1.728, d.f. =
7, p € 0.05). |

| Unfortunately, the eye movements were not recorded in
. fhis study. Additionally; no ‘information was provided
AinVOiving-the po;sible chaﬁgeé in the reaction time during
the experimental condition'concerned.

Especially interesting data were obtéined in this
investigation by recording the EMG of the responding hand
(the motor péint of the flexors of the fourth finger which was
used to perform fhe kgy—press response ) simuitaneously with
.the CNV, In the above descriﬁed condition,.it was scored in
ferﬁs of detectable increases in activity during the foreperiod
of each reaction time trial. When the warning signal was on
. right (indicating that a response ié to be given to the soon
appearing flash), about a half of the trials showed anticipatory
EMG activity. When the signal was on left (non-response
indicatéd), only 1.6 % of the trials showed énticipatorylEMG
"activity. The difference was significant.

For each of seven subjects the mean amplitude of the CNV
during trials which showed EMG aétivity was compéred with Ehe
mean shift on an equal number of randomly chosen trials on
which no foreperiod EMG éctivity occurred. (This was done only
for trials when the warning signal was on the right, as there
were too few trials showing EMG acticity when the tone was on
the left to obtain a meaningful average.) The difference was

not significant. The mean reaction time on trials during which
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increased EMG activity occurred did not differ significantly
from thét on trials during which no increase occurred.

In addition.to these more specific remarks made in

connection to the investigations réviewed, the following
observations appear to be relevant with respect to most of
these studié§:

é) The averaged nature of the data resultiﬁg in loss in
information to some umknown dggrge;

b) If a statistically significant relationship was
reported, it usually reached only the .05 risk level;

c) -Thg CNV amplitude éorrelated with the feaction time
offen was the highest CNV amplitude during the S1-S2 interval.
This is, of course, a meaéure highly vulnerable to the
contaminating effect of noise: Moredver, it seems inappropriate
to use this measure involving remarkably yvarying iatencies as
the only CNV- 'measure in correlating the size of the CNV with a
performance measure taken at a fixed latency (at S, moment,.
Thié CNV measure should be replaced or compensated by amplitude
méésurements.at the moment of performaﬁce (e.g., five equi-
spaced amplitude measurements wifhin the last 100 msec before -
SZ)‘ If the CNV is an indicator of expectancy then it is not
only important to hawve a high CNV (somewhere) between S1 and 82

but also to have it at the right moment.

In Soesterberg, we have recently conducted two experiments
(18, 19) on the relationship between the CNV and the reaction

time. In the first study, four constant interstimulus intervals,

B R s C T T e It T T R S
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200; 400, 1000 and 2000 msec, were used. The intertrial
int%rval (S1-ST) was a constant interval of 6.2 sec. Four
highly experienced subjects were run in two sessions. The EEG
was recorded-over the vertex and the eye moveﬁents from above
and below the right eye.
The warning (S,) - = horizontal slash - and the imperative
sigﬁal (82) - an H or an X, in a random order ; were presented
on ; nixie-tube display. The subject wés seated in front of
the nixie-tube display fixating on it and keeping his left
index finger on the left key and his right index finger on the
right key. He was'instructed to press the left key when the H
and the right key Wheﬁ the X was presented.

Because the vertex-negativﬁty waslexpected to develop
already before S1,
(see_Fig; 1): a) theﬂélow negative potential occurring before

the CNV was measured within two time ranges

'S1, relative to the base-line (around 1 sec before S,i see later),

herein called CNV1 and b) the "traditional" CNV, the vertex

negativity at Sé relative to that at S,, herein called CNV

1 2°

The negativity at S, was also referred to the baseliue, i.e.,

2

the CNV, amplitude was added to the CNV amplitude. This

2

" measure is hereincalled CNV The baseline and .the negétivity

1+2°
at S1 (S1 - 1eve1) were obtained by averaging 5 equispaced
points (40 msec apart) under the periods 960-800 and 160-0

msec before S respectively, The slow-potential change at 82

1’
was measured by éveraging 5 equispaced points (40 msec apart)
under the las*% 160 msec preceding S2 with the interstimulus

intervals of 1000 .and 2000 msec. For the 400-msec interstimulus

_‘intgrval,mthe:5d§gui$pa¢eg points (20Imse9'apart) were taken
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during the last 80 msec preceding 82’ in order to reduce the
contaminating effect of the potential evoked by S1 on the

amplitﬁde measurement of CNVZ.

This way of measurement was not possible with respect to
interstimalus interval of 200 msec, becausé the vertex potential

evoked by S1 was'superimposed on CNV,_,. Therefore the average

! 2

of the negativity of the peaks of N, and P, related to S -level

2

was taken as a measure for CNV This way of measurement was

2.
based upon the assumption that without any CNV development the

peak of N, would be roughly as much higher the S, level than

the peak of P, would be below it.1 As the latency of the peak

2

of N1 generally varied between 180-200 msec and that of the

peak of P, between 200-250 msec the latencies of measurements

2
corresponded rather well to the latency of Sz. o

. To investigate the development of the CNVé, the amplitudes
around the following latencies after S, were measured: 500 and
750 msec for.the interstimulus interval of 1000 msec and 500,
1000, 1500 and.1750 msec for the interstimulus intervai of 2000

msec; an average of 5 equispaced (4o msec) points were taken

around each of these latencies,

! The validity of this assumption was tested in the 2000-msec

condition in which no CNV could be detected within the first
500 msec after S1. The peaks of N1 and P
elipited by S1
5452 uV more positive than the S1-1evel; respectively. Thus,

> of the potential

were on an average 2.95 pV more negative and

" our manner of measurement of CNV for the interstimulus interval
of 200 msec does not seem at least to favor the magnitude of

the CNV2 .
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A. 200msec ‘ . C. 1000msec

D. 2000 msec .

B. 400 miec

Fig. 1 - Vertex (upper trace) and eye potentials (lower trace)
’ of one subject, averaged over the first 16 trials of
- the 29 series of the 204 session with each inter-.
stimulus interval . TUpward deflection indicates
negativity at the vertex or superior eye electrode.
The vertical lines in the graphs illustrate the manner
of measuring the CNV amplitudes. Calibrations:

vertcal bar EEG = 10 B}V, EOG = 100 pV; horizontal bar
= 400 msec, : _ T

Also the peak-=to-peak amplitudes P1-N and N, =P, were

1 172
measured for potentials elicitated by S1. Finally, several
.cofrelations between CNV and reaction time were computed. Not
nly averaged data were utilized, but also s1ggle-tr1al data.
By correlatlng single~trial data measured within the same block
of "35 trials, i.e. within a short time range (ca. 3.5 min),
" the poss1b1e effect of long-term changes in the state of the

subject on the correlatlon coefflclent was prevented.

Typical results are illustrated in Fig. 1. Slow negative
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. Fig, 2 - Mean amplitudes of CNV%, CNV and CNV 5y Mmean P _-N

and N amplitudes of the vertex polential evoked
by S, ané the reaction time as a function of the
interstimulus interval,

1.

4

potentials could generally be observed between S, and Sz.

With the shorter interstimulus interyals there was considerable
vertex negativity already before S, (CNVl).

In Fig. 2 variables CNV1, CNVZ, CNV1+2, reaction time,

P1-N1 and N -P2 are.plottéd as a function of the interstimulus

interval across subjects.

The product-moment correlation coefficients computed

between mean CNV1, CNVZ, CNV

are presented in Table I. In general, the correlations between

142 and the median reaction time

© Tt e
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Product-moment correlations between CNV1, CNV

142

and n;ledia.n reaction time given separately for each inter-
stimalus interval (N = 32)., (From Gaillard and Ni#tinen, 1972)

ISI CNV, CNV2 CNV, .
- (msec)
. 200 © =e2l -o03 - 18
Loo -.09 -oi3xx - 49xx
1000 -.09 - tOx - lhxx
2000 - 12 —-e Ut5xx - U2xx
x p<.05
xx p<g .01

TABLE II. Product-moment correlations between CNV

2

and median

reaction time given separately for each inter-stimulus interval

and the corresponding correlations when sessions, blocks and

subjects were partialized out (N = 32). (From Gaillard and

Na#tinen, 1972)

IST ISsI ISTI Across
400 msecl| 1000 msec|{2000 msec|{ ISIs

CNV,x RT - u3** |-, ho* - li5** - 4o**
CNV, x RT, sessions -39  |-.39" - 46 -.38%%
CNVZ x RT, sessions x .
blocks - h2* -.39% - u6™* -.38%F
CNV2 x RT, sessions x
blocks x subjects -.23 -.27 -.06 -.19%

x p£0.05
xx p<0.01
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the reaction time and CNV1+2 were higher than those between

~the rTaction time and CNVz alone; this may indicate that the

vertex negativity before S, has an influence on reaction time,

1

In order to estimate the imfluence of sessions, blocks
and sﬁbjects on the significant correlations between CNV2 and
the reaction time, partial correlations wére computed. These
carfeiations'give the correlations between the CNV and the
reaction time, when the effects of sessions, blocks and sub-
jects are kept constant. Table II shows that when the effects
of'éessions and blocks were partialized out the correlatiops
were,unaffectedg ‘whén, however, the influence of subjects w?s
held constant the corrélatiohs became insignificant. With the

interstimulus interval of 2000 msec the influence of subjects
was especially strong. This subject-effect agrees with the
results of Hillyard and Galambos (20), who found a significant
negative correlation between é subject’s average CNV and his
reaction time.

The CNV amplitudes of two subjects for the inter;timulus
interval of 1000 msec were measured from the-single-trial
records (see Fig. 3).

The eight correlations, each of which were computed over
29-34 consecutive trials of a block; varied between r=+.24 and’
r=-.47; only one of them (-.47) was.statistically significant.

o Figure 4 shows that the CNV starts already before S, with
the short interstimulus intervals, whereas with the inter-
stimulus interval of 2000 msec only one of the four subjects
showed CNV development at 500 msec after S1 (one-sided t=-test,
p £ 0.01). With the shqrt interstimulus intervals the CNV2

-
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Fig. 3 - Upper trace: Vertex potential averaged over the 17th,
32nd trial with 1000-msec interstimulus interval of
the 2nd series of the 2nd session of one subject.
Lower traces: Single vertex records of the averaged
record represented in the upper trace.
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Fig. 4 - The rise of CNV in time before and during each of the
four interstimulus intervals. The arrows represent
the moment of presentation of S.. Every point
represents a mean of 32 averages, each based on 16
trials.

developed more abruptly after S, than with the long inter-

1
stimulus intervals,

We concluded that the relationship between preparedness
and the CNV seems rather complicated: During each inter-
stimulus intervai studied, the CNV grows throughout the entire
.period, as preparedness apparently also does. Also the slope

of the CNV is the more abrupt,.the shorter the interstimulus

interval; +this again being understandable when the CNV is
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thought to reflect preparedness. When, héwever, comparisons
of the'CNV amplitudes at the end of the interstimulus interval
are made between the interstimulus intervals, fhe CNV does not
seem to reflect preparedness, or it may be tﬁat it-reflects
also other aspects than preparedness of the state of the
organism preparing to react to a stimulus (21).. This conclusion
is reachéd also when the correlations between the CNV and the
reaction time calculated sepé;ately for.each interstimulus

- interval are examined: these correlations were weak, and when

the subject-effect was eliminated they became insignificant.

In our mos% recent study (19), the relafionship between
the CNV and the (simple) reaction time was our specific.scope.
Using thrge highly experienced subjects and recording the EEG
from the vertex.(C,) and frontal (FZ) electrode (time~constant
6 sec), we gave to our subjects 1000 SI-S2 pairs with a constant
interstimulus interval of one second. In the first session,
no catch trials were used; in the second session randomized
catch trials were introduced to a proportion of one to ten.
Under the latter condition, the reaction time stayed at a
constant level through the whole session and anticipatory
responses were rare, .

The single CNVs were measured by means of a PDP-8
computer., Five different measures were taken from each single
CNV after eliminating the trials contaminated by eye movements:
(a) the ﬁegativity of the period 500-392 msec before S, rélative.
-to the baseline, 108-0 msec before S1; (v) the baseline'relative

to the electrical zero of the system; (c-e) the negativity of
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the period 500-608, 772-880, 892~1000 msec from S1 relative to
the baseline, respectively. Each measure was the average of
ten equispaced points.

Table III gives the number of statistically significant

100

msec from ST relative fo the baseline; 10 equispaced points)

and insignificant correlations between the CNV o (892-1000
and the reaction timg within blocks of 32 consecutive single
trials, separately for the vertex and frontal data. It is
evident tﬁat the significan£ correlations were only accidental;
no relationship between the CNV and the reaction time seems to
exist,

Table IV gives the correlation coefficients between the
different amplitudes (a~e) of the-vertex CNV and the correspond-
ing reaction time, separately for the first quarter
(approximating the nérmal duration of a réaction-time experiment)
of the éession and for the whole session. The single-trial
coefficients.for the Quarter I were calculated over 208
consecutive single trials; for the whole session usually over
832 consecutive single trials, The coefficients involving
the means (of 16 comsecutive single trials) for Quarter I were
.célculated 6v§r 13 means; for the whole session usuall& over
52 means, Table V gives the respective correlation coefficients
for the frontal data, Again we conclude that the statistically
significant correlations were only accidental (22 of them were
negative, 15 positive, the Qertex and frontal data taken
together).

No habituation in the amplitude of the CNV was observed.
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ITY., DISCUSSION AND CONCLUSIONS

|
|

On_thé basis of this literature review and our own

expériments it seems to me that preparedness, as indicated by
the reaction time; is not correlated with the amplitude of the
CNV. This_conblusion is in-perfecf agreement with the results
of Dr. McCallﬁm reported here (22). |

A few words about another -~ and persistént - candidate

for the psychological correlate of the CNV, expectancve.

I want to stress the word "another" as many people speak about
prgparedness and éxpectancy as if these were equivalent
concepts. For expectancy, I would like to reserve its original
associative or‘cognitive meaning of subjective probability in
which case,.as far as the reaction-time performahce is
_concerned, expectancy would be one determinant of readiness
together with many other factors (15, 16). To go back to the
.specific topic of the present paper, this would mean that the
nonexistent relationship between the CNV and the reaction
time, which dropped preparedness out from fhe group of
possible correlates for the CNV, does not mecessarily do the
same with respect to expectancy. There are, however, some
other data inconsistent ﬁith the idea that expectancy is the
correlate for the CNV in the reaction time-situation, namely:
(a) The CNV starts and reaches its amplitude too late
(see, €.g., Fig. h) to be a correlate of expectancy under
certain conditions. The subject’s time-uncertainty of the
stimulus, to use Klemmer'§ (23) concept, is understood to

be at its minimum, i.e., expectancy at its maximum, at very

short interstimulus intervals from 200 to 400 msec, when the
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CNV is still very low or completely lacking.

(b) Many workers have remarked a rectangular form of the.
_QNV, i.e., a rapid rise and a long flat part in the reaction-
time condition in many subjects (3, 24). The CNV seems to
reach its maximal amplitude often in an early phase of the
interstimulus interval when it is not yet reasonable to
assume that the subject really is expecting the stimulus and

- he would react very slowly if the stimulus were presented
as early as this, '

Thus, we are led to the conclusion that expectancy is not,
at least'alone, the correlate of the CNV in the reaction-time
situation. Now it seems mecessary, in the present state of
knowledge, to coﬁsider more general - and also more vague -
concepts in our search for a psychological or behavioral
correlate for the CNV appearing during the foreperiod of the
reaction~time situation. The concept of éttention, especially
_attention directed to the task, selective attention, is
generally regarded as a good-candidate for this purpose and
there appear to be no data reported in the CNV-reaction time
‘literature in disagreement with this proposition. On the other
hand, compared to the two rejected concepts, expectancy and
preparedness, attention has the drawback of vagueness and
considerably. greater difficulties of measurement,

So we can conclude that studies on the relationship
between the CNV and the reaction time have not found the
psychological correlate of the CNV,

It seems well established that the CNV to some extent is
a relatively general activation phenomenon (25) and in this

light the weak or non~existent correlations between the CNV

'and the reaction time are in agreement'ﬁith the many results
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.. involving non-existent or only weak correlations between the

reqction time and several measures of relatively nonspecific
écfivation of the central mervous system, such as the EEG-
frequency, EEG-amplitude and c{-biocl&ing (4). The electro-
ﬁhysioloéical corrélatés of the reaction fime will probably
be provided:by more specific processes fhan is the CNV

recorded over the scalp (26, 27).

LS

IV, SUMMARY

.The'purpose‘of tﬁis paper was to discuss the contribution
of the CNV experiments of the reaction time to our under-
standing of the psychological or behavioral significance of
the CNV. The literature on the relationship between the CNV
-and reaction time was reviewed and the conclusionlréached that
ﬁhe CNV is not the corrélate of preparedness, as indicated by
the reaction fime. Dissociation phenomena also between the
CNV and expectancy were discussed, It was concluded that the
.investigations on the relationship between the CNV aﬁd the

reaction time have not found the psychological or behavioral

correlate phenomenon of the CNV,
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RESUME

EN QUOI LA VARIATION CONTINGENTE NEGATIVE
EST-ELLE CONTINGENTE DANS LES EXPERIENCES DE TEMPS DE REACTION

L'étude poursuivie ici porte sur la variation contingente néga-
tive, onde lente qui apparait sur la ré&gion antérieure du scalp au cours de si-
tuations généralement considér@es comme supposant une anticipation. Dans le pro-
- tocole expérimental qui les fait apparaitre, le sujet a pour tdche d'interrompre
immédiatement une stimulation ré&pétitive d&s son début. Une telle situation est
donc trés proche de celle des expdriences de temps de réaction &étudié en pscholo-
gie. Pour préparer le sujet i cette tache un signal précéde la stimulation d'une
seconde. Dans l'intervalle entre le signal et la stimulation on enregistre alors
1'onde 1enfe, variation éontingente négative (V.C.N.) appelée encore par WG.
WALTER “onde d'attente, ondedexpectative" car elle ﬁrécéde la stimulation et le

-

mouvement 3 effectuer.

Le but de cette étude est de discuter 1' apport des expériences,
étudiant parallelement la varlatlon contingente négative et le temps de réaction,
d la compréhension de la signification de cette onde lente envisagée dansune pers
pective aussi bien psychologique que comportementale. Les résultats aboutissent &
cette conclusion que la variation contingente négative n'est pas en relation avec
la préparation motrice, telle qu'elle est indiquée par le temps de réaction. Des
phénoménes de dissociation entre la variation contingente négative et l'expecta-

tive sont discutés.

La conclusion est que les investigations sur les relations entre
variation contingente négative et temps de réaction n'ont pas mis en &vidence les

correspondances psychologiques ou comportementales de ce phénoméne.






