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A veraged evoked cortical responses
(CER) from the scalp of human Ss were
recorded within an experimental paradigm
that permitted the performance criterion
to be varied. The signals evoking the
corticalresponses were contingent upon S's
pressing a button to bisect a temporal
interval within certain tolerance limits.
Under passive conditions averagedresponse
waveforms lacked a second, late
component that became prominent under
temporal bisection conditions. The late
component P2 - N2 increased regularly in
magnitude as the performance criterion
was made more stringent. The effect of
performance criterion on the earlier
component, N] - P2, was neither as large
nor as systematic as that shown by
P2 -N2.

Many investigators have shown that the
waveform of the cortical evoked response
(CER) recorded from the scalp of human
Ss varies with the state of the S. The CER
has been investigated in relation to
psychological parameters, labeled
variously: significance (Larson, 1960),
vigilance (Ritter & Vaughan, 1969),
attention (Tecce & Scheff, 1969; Donchin
& Cohen, 1967; Mast & Watson, 1968;
Satterfield, 1965; Garcia-Austt et al, 1964;
Spong et al, 1965), decision (Debecker &
Desmedt, 1966; Davis, 1964), expectancy

CONDITIONS

(Walter et al, 1964), contingency (Hillyard
& Galambos, 1967), and conditioning
(Low et al, 1966). Although various
properties of the CER waveform were
emphasized and the investigators used
different tasks in their experiments, there
is general agreement that the relation of S's
"psychological state" to the relevant
stimuli is significant.

The objective of the study reported here
was to assess variation in the CER, not in
the sense of the labels enumerated above,
but simply as a function of the levels of S's
performance, where the delivery of the
stimuli evoking the CER depended upon
that performance. Ss were required to
bisect a temporal interval with graded
restrictions on the acceptability of their
error. The signals were contingent upon S's
temporal bisection occurring within
specified tolerance limits that were
expanded or contracted systematically.

PROCEDURE
Throughout the experiment S's scalp

activity was monitored continually with an
oscilloscope and on-line averaging of
responses. The data were also recorded on
magnetic tape. Pulses representing the
occurrence of the stimuli (light and noise
burst), button pressed, incorrect responses,
and voice markers were recorded on other
tracks of the tape. The electrical activity

PROCEDURE

from the scalp was recorded with C1 ~l1ver

disk electrode attached to the vertex (Cz)
with electrode paste and referenced to the
ear lobes. The electrical activity was passed
through a Grass P-SII amplifier, with its
band-pass set at 0.3 to 100 Hz. For off-line
processing, the electrical activity was
further filtered at 60 Hz, low-pass, unless
specifically noted otherwise, through a
Kronhite low-frequency filter.

An experimental setting for a S
consisted of different conditions, or
phases. Figure 1 shows a schematic diagram
of the experimental program. Stimuli that
evoked responses were: (1) on- and
off-lights marking the beginning and end of
the 2-sec interval, and (2) a noise burst that
occurred at different times during the 2-sec
interval, depending on the condition.

In the first passive (PA) phase of the
experiment, S's task was simply to observe
the on-light (lSO-msec duration), listen to
the noise burst (ISO-msec, 40-dB SL white
noise) that commenced at the midpoint of
the 2-sec interval, and to observe the
off-light that marked the end of the
interval. One such sequence was considered
a trial. Fifty trials were run. In this and all
other conditions, the intertrial interval was
2 sec.

In the second phase of the experiment,
the stimulus configuration remained the
same as for PA. S's task in this condition
was to press a button (silent switch)
located on the arm of the chair at exactly
the same time as the onset of the noise
burst. S was instructed that the onset of
the noise burst occurred at the exact

Fig. 1. Each S received the experimental
condition in order (top to bottom). On­
and off-lights were present for all
conditions. Passive: S received signals
passively. no behavioral response occurred.
Temporal conditioning: noise burst
presented each trial, S attempted to press
button contiguously with onset of noise
burst. Temporal bisection: noise burst
contingent on correct bisection. This
condition repeated three times with
tolerance limits on acceptable error of S's
bisection varied. If button press occurred
within specified tolerances, a noise burst
occurred 500 msec following the correct
button press. A fourth condition was run,
repeating the passive.
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midpoint of the 2-sec interval, that the
temporal accuracy of his button press
would be recorded for 50 trials, and that
his accuracy should improve during the 50
trials. This phase of the experiment is
treated, therefore, as a temporal
conditioning (TC) phase.

The third phase of the experiment was
the temporal bisection (TB) condition. In
this condition, the 2-sec temporal interval
was again marked off by the lights, but the
noise burst was made contingent upon a
correct temporal bisection of the interval
between the on- and off-lights. 8 was
instructed to bisect the 2-sec interval by
pressing the button at the exact center of
the interval. It was pointed out that the
center of the interval occurred exactly at
that point in time that had been marked by
the onset of the noise burst in the two
previous tasks. 8 was informed that the
accuracy of his temporal bisection would
be recorded and that he would hear the
noise burst 500 msec after the button press
if his accuracy was within certain temporal
limits.

Each 8 was run for three consecutive
blocks of 50 trials in TB. Before each block
of trials, he was given a short break and
was informed of the amount of accuracy
required to consider the response "correct"
and thus for him to produce the noise
burst. The three tolerance limits used were
±75 msec, ±106 msec, and ±150 msec. Five
Ss were run with increasing restriction on
the acceptability of "correctness" and four
Ss were run so that the tolerance limits
became wider for each block of 50 trials.
No differences in either performance or
evoked responses were seen for the two
groups.

The fourth phase of the experiment was
another passive condition (PB) exactly like
the first, Thus, for each 8 in each condition
scalp response activity was recoverable to
three stimuli, the "on-light," the
"off-light," and the noise burst. In the PA

and PB conditions, S's role was that of a
passive filter. In the TC condition, 8 was an
active element in the experiment, and in

TB his performance determined whether or
not the noise burst occurred. The three
conditions therefore represent three
different degrees of participation in the
experiment by the 8.

Data Analysis
Recovery of the average responses was

carried out after the experimental session
from the taped records. The off-line
processing permitted the recovery of
estimates of evoked activity, i.e., averages,
to the noise burst and to the on- and
off-lights. The noise burst was delayed
from the button press by 500 msec and
bears no consistent temporal relation with
the lights. For recovery of the averaged
response to the noise burst, the computer
was synchronized on S's button press. The
trigger was then delayed by 400 msec so
that the sweep began 100 msec before the
noise burst.

For averaged responses to the on-light,
the computer was triggered with a pulse
representing the on-light. For responses to
the off-light. the on-light trigger was
delayed by 1,800 msec. All averages were
computed for a l-sec sweep duration
(sample period).

For the TC section of the experiment,
the latency of S's button press was
recorded for each trial. From these
latencies, trials were selected for which
(I) the latencies closely approximated the
onset of the noise burst, (2) the latencies <
onset of the noise burst, and (3) the
latencies > onset of the noise burst. The
distribution of latencies for each subgroup
of responses from each 8 fell within
10 msec. Our objective was to extract any
deflections antedating the button press. No
reliable indicators of such antedating
activity were found. Perhaps the 10-msec
range of the distributions reduced
synchrony so that any small, brief, but
regular, deflections were obscured.

Although 50-trial blocks were run for
the PA, PB, and TC phases of the
experiment, average responses were based

on subsets within the blocks. The objective
was to sum as few samples as necessary to
obtain an estimate of evoked activity. It
was found that an N of six samples of
evoked activity provided an optimum
estimate. This made possible a comparison
of evoked activity at the beginning of each
block of 50 trials with that close to the end
of each 50-trial block.

RESULTS
There are two types of signals in the

experiment that evoke CERs: (I) the light
pulses marking the beginning and end of
each trial, and (2) the signal of principal
interest, the acoustic noise burst. Both
visual and acoustic signals were presented
under all experimental conditions. The
visual signals were never subject to control
by S's performance. The acoustic signals in
the contingent conditions were subject to
such control and, in passive conditions,
were not. The principal comparisons, then,
are for the CERs to the acoustic signal in
passive vs temporal bisection conditions,
and within the temporal bisection
condition for the three tolerance limits
defining acceptable error. A secondary
comparison is the CER to the regularly
occurring visual signal, not under
performance control, for passive and
temporal bisection conditions. That is, is
the effect of contingency (noise burst)
general for all signals presented during the
contingency condition or is the effect
specific for the contingent signal?

Figure 2 shows average responses for one
8 and contrasts CERs between passive and
temporal bisection conditions for both the
light pulses and the acoustic signal.

Passive CERs
The first row of Fig. 2 (PA) shows that

the on-light and the noise burst produce
CERs similar in magnitude at the beginning
of the experimental session. The off-light,
however, produces practically no
discernible deflection in this example. For
the on-light and noise burst, the CER for

Fig. 2. Averaged cortical evoked
response waveforms for lights and noise
burst under various experimental
conditions. Passive A and Passive B show
comparisons for the average of the rust 6
trials and the last 6 trials for the SO-trial
block. Acoustic noise bursts following
correct temporal bisections produced CER
waveforms that differ in magnitude and
complexity as compared to CERs in passive
conditions. The center column shows that
the magnitude of CER to noise burst
increases with stringency of criterion. N for
all responses is 6; sweep duration, 1 sec, all
responses shown at same gain.
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the first six trials is larger than that for the
last six trials of the first 50-trial block (i.e.,
PA)' The wavefonn becomes smaller but
shows little alteration in temporal features
over the 50 trials. This habituation is
further advanced particularly for the
on-light in the final row of Fig. 2 (PB). The
CER to the noise burst shows no further
decrease in magnitude after the first
50-trial block.
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Fig. 4. Mean number of correct temporal
bisections for nine Ss. Compare the
increase in number of correct behavioral
responses as tolerance limits widen with
the decrease in N2 - P2 magnitude shown
in Fig. 3.

same signal during the passive condition.
Not expected, however, was the additional
strength of the P2 - N2 component, which
increased systematically with stringency of
the criterion for acceptable performance.

The data demonstrate therefore that
electrical activity evoked by an acoustic
signal can be made to wax or wane by
permitting or by withholding opportunity
for S's performance to control the
occurrence of the signal evoking the
electrical response. Simply requiring S to
make a behavioral response (TC) prevents
habituation for 50 trials-at least in this
study-but did not produce as great an
increment in response magnitude or
alteration in response waveform as did
temporal bisection.

During the TB condition, response
magnitude to the acoustic signal increased
but that to the on-light continued to
decrease. That is, the enhancement of the
averaged response to the contingent signal
was contemporaneous with the decrement
in the response to the invariant signal.
Thus, enhancement is not a general arousal
phenomenon, but is specific to the
particular signal that is contingent upon
the S's behavioral responses .

The inverse relation between magnitude
of P2 - N2 and number of correct
responses is striking. The relation suggests
that the temporal bisection procedure,
utilizing a delayed sensory input as a sign
of correct performance and to evoke the
CER, will be a useful procedure for
maintaining specified steady-state levels of
performance over a prolonged period.

Fig. 3. Mean values of measurements
indicated in inset for nine Ss. Note the
regular increase in magnitude of P2 - N2

component with temporal conditioning
(self-imposed criterion) and increasing
restriction on tolerance limit of S error
(Edmposed criteria).
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contrasted with passive, but P2 - N2
increased more than Nt - P2 • Within the
temporal bisection condition, P2 - N2

increased regularly in magnitude with the
decrease in the tolerance limits that
defined an acceptable temporal bisection
by the S. Although Nt - P2 also increased
for the temporal bisection condition, the
increment was less systematic than was the
P2 - N2 deflection.

Confidence limits were calculated for
each deflection. Only the P2 - N2
deflection for the ±75-msec tolerance limit
exceeded the 95% confidence interval. All
other differences fell within the confidence
interval to be expected on the basis of the
variability in the magnitude of the
averages.

Correct temporal bisections were well
distributed throughout each block of 50
trials for the temporal bisection conditions.
Since the noise bursts were contingent
upon S's performance, the number of
stimuli delivered decreased as the limit of
tolerance defining correct button presses
decreased. Figure 4 shows the number of
correct button presses for each T8
tolerance limit. As the tolerance limits
increased, the number of correct bisections
also increased. However, the magnitude of
N2 - P2 in the CER shows an inverse
relation with the size of the tolerance
interval for averagesof six responses.

DISCUSSION
The different experimental conditions

within the recording session produced the
anticipated changes in the averaged evoked
responses. In the initial passive condition,
evoked response magnitudes to the noise
burst decreased over trials, but when the
signal was made contingent upon S's
performance, evoked response magnitude
increased and exceeded that elicited by the
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Contingent CERs
The middle column of Fig. 2 (noise

burst) shows that CER wavefonn is altered
in the TB condition. Although the initial
Nt - P2 deflection changes only slightly,
the later portions of the wavefonn increase
in magnitude and are followed by a net
negative deflection of the baseline. The
positivity at P2 is, in the averaged response,
extended in time and, finally, drops to the
negative value, i.e., below the baseline
established prior to the onset of the
response to the noise burst. The alteration
in waveform occurs only when the noise
burst is contingent upon S's performance
and does not appear for either passive
condition.

With respect to alteration in average
response magnitude and waveform, the
temporal conditioning phase falls between
the passive and temporal bisection
conditions. Figure 3 shows average
(calculated) values for the two
measurements based on the responses from
nine Ss. The passive condition represents
the responses from first passive conditions,
chosen to avoid including the effects of
habituation. Notice that the P2 - N2

deflection is smaller than the N, - P2

deflection for the passive condition only.
The responses in the temporal

conditioning phase show, on the average, a
slight increment for both deflections, as
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