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Evoked Potentials: Modifications
by Classical Conditioning

Abstract. Visual evoked potentials to
a positive discriminative stimulus change
systematically during sensory condition-
ing and extinction. Changes due to con-
ditioning are manifested in the increased
amplitude of the late component of the
evoked response. This effect is attenu-
ated . during extinction and reappears
after reconditioning.

Many changes in brain evoked poten-
tials obtained during conditioning have
been demonstrated in animals (7).
Comparisons of wave forms obtained
during “correct” and “incorrect” be-
havioral responses suggest that differ-
ences occur primarily in the late com-
ponents. Inspection of simultaneously
computed wave forms suggests a co-
variation between late components and
the poentials evoked in mesencephalic
reticular formation and cenfralis later-
alis (2). During the conditioning pro-

cedure, changes in the significance of
the conditioned stimulus are accom-
panied by modifications of the later
activity of the evoked potentials.

We now report the results of a study
in which we explored the relation be-
tween classical conditioning and the late
components of the visual evoked poten-
tials (VEP) in humans. All data were
derived from monopolar scalp record-
ings of 16 college students. The active
electrode was located on the midline 2.5
cm above the inion; the combination of
the two ear lobes formed the reference
electrode. Evoked potentials were re-
corded by means ‘of a Grass Model 7
PSA wide-band AC EEG amplifier,
whose low-frequency .cutoff filter wag
set at 0.15 hz. The driver amplifier
high-frequency cutoff filter was set at
75 hz, and the gain was set at 50 hz.
Amplifier time-constant setting was 0.1.
The averaged evoked potentials were
computed with the Mnemotron (CAT
1000) and written out on a Moseley
(7590 CMR) XY plotter.



The subject was seated in an acous-
tically shielded enclosure, so that he or
she was looking directly into a viewing
hood which was flush against the one-
way mirror of the enclosure. On the
other side of the glass window a Grass
PS-2 photo stimulator was mounted and
set at No. 8 intensity. The stimuli were
presented in front of the photo stimu-
lator located 50 cm from the subject’s
eyes, and subtended the central 25° of
the visual field.

The two visual stimuli were black ar-
rows mounted on a transparent slide,
one arrow pointing upward, the other
downward. Each arrow was 9 cm long
and 2 cm wide and was placed in the
center of a round slide 13 cm in diam-
eter. The slides were placed in a random
access projector which used the photo
stimulator as its light source.

Since a discriminative procedure was
used, one arrow served as the positive
conditioned stimulus (CS4) and the
other as the negative conditioned stimu-
lus (CS—); the stimuli were presented
individually and were counterbalanced
across subjects. During the initial base
line (B;), both stimuli were presented
randomly for 50 presentations per stim-
ulus, with a 2- to 4-second interval be-
tween stimuli. Habituation of the evoked
potentials to both stimuli was estab-
lished by repeating the same procedure

Table 1. Means for amplitude C (N = 16)
in microvolts for CS+ and CS-— during
various phases of conditioning,

Item B: A, E, E, A,

Positive conditioned stimulus

Mean 1420 16.89 1433 13,12 1446
S.D, 586 725 591 616 6.03
Negative conditioned stimulus
Mean 1375 13.85 1229 1269 12.23
S.D. 522 1738 567 650 593

for base line 2 (B,) and base line 3
(B3).

The unconditioned stimulus (UCS)
was a train of clicks delivered through a
loudspeaker. The onset of the 20-hz train
of clicks began with the onset of the
10-usec CS+ and lasted for a period of
500 msec. The click was a stimulus of
0.1-msec duration and an intensity of
90 db with reference to 0.0002 dyne/
cm?.

During the conditioning procedure
(Acquisition, A;) the CS+4 was rein-
forced on 50 percent of the trials, and
the CS— was never reinforced. Alto-
gether, 150 stimuli were presented ran-
domly during A;. The CS— was pre-
sented 50 times, the reinforced CS+
50 times, and the nonreinforced CS+
50 times. Subsequent to A,, an extinc-
tion procedure was used during which
time both CS+ and CS— were again
presented at random without UCS for
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Fig. 1. Visual evoked potentials to positive conditioned stimulus (CS+) and negative
conditioned stimulus (CS—) for one subject during base line (Bs), acquisition (A,),
extinction (E; and E.), and reacquisition (A.). Reinforced trials (R) were given only
during A: and A.. Negative deflections are up; time base is SO0 msec. The calibration
pulse at the end of each wave form is equal to 5 uv.

50 presentations per stimulus, This pro-
cedure was repeated twice (E,, E,). To
study the effectiveness of the condition-
ing paradigm we used a reacquisition
block (Ay).

The characteristics of the visual evoked
potential were measured in accordance
with described methods (3, 4). Statis-
tical comparisons of the data obtained
were always done between the CS— and
the nonreinforced CS+.

Figure 1 shows the visual evoked po-
tential of a typical subject through the
five blocks of trials. Major changes in
the later components of the wave form
take place during conditioning and ex-
tinction. These changes are most marked
in amplitude C (negative peak at 155
to 160 msec).

Prior to conditioning, amplitude C of
the evoked responses to the CS+ and
CS— is not significantly different (Fig.
2, Table 1). During A, the response to
the CS+- is significantly enhanced, while
the response to the CS— remains un-
changed. The change in response to the
CS+ during blank trials is similar to the
enhanced response during the reinforced
trials when both the CS+ flashes and
the clicks are presented. During the ex-
tinction blocks, the difference between
the CS+ and the CS— becomes pro-
gressively smaller and is enhanced again
during the second acquisition period.

An analysis of variance and a trend
test (5) for amplitude C show that the
conditioning (CS+) and control (CS—)
curves are significantly different at P =
0.01 (F =10.34; 1, 15 d.f.). The cubic
component of the interaction between
curves and blocks of trials js also sig-
nificant as predicted (F =427, P<
.05; 1, 15 d.f.). The significant cubic
component reflects the double inflection
in the conditioning curve at A; and B,.
The only noticeable change in the con-
trol curve is a drop from A, to E,. The
generally lower amplitudes of the con-
trol curve during the later blocks, as
well as the smaller increase in the con-
ditioning curve during reconditioning,
possibly reflect some habituation of the
cortical response.

The CS— trials also provide a con-
trol for possible sensitization effects
caused by the UCS during conditioning.
Since the response to the CS— remains
unchanged from base line to A, the sig-
nificant enhancement in the response to
the CS+ suggests that the change in
wave form is not due to pseudocondi-
tioning. The change in wave form ap-
pears to be a differentiated response
conditioned only to the specific stimulus



(CS+) previously paired with the UCS.

The comparable points for the con-
ditioning and control curves within each
block were subsequently evaluated by
t-tests. The two curves were not sig-
nificantly different at base line or at E,.
At A, the curves differed significantly at
P <.001 (+r=4.15; 60 d.f.), and at E,
and A, they differed at P < .01 (¢t =
2.78 and 3.04 respectively).

Analyses of variance for amplitudes
A (negative peak at 65 to 70 msec) and
B (positive trough at 105 to 110 msec)
showed no differences related to either
blocks or trials. Amplitude D (positive
trough at 210 to 220 msec) was sig-
nificantly different at P = .05 (F == 5.20;
1, 15 d.f.) for the combined CS4 and
CS— curves, but the cubic component
.of the curves was not significantly dif-
ferent. The latencies were not signifi-
cantly different between curves or across
training blocks.

Four additional subjects were tested
according to the same procedure so that
eye movements and changes in myo-
genic potential during acquisition and
extinction could be recorded. The fail-
ure to find changes in these measures
paralleling the evoked potential sug-
gests that the observed changes in the
cortical response are not mediated by
peripheral response mechanisms but re-
flect changes within the central nervous
system accompanying condijtioning and
extinction.

The late components of the VEP have
been related to the conscious perception
of the external stimulus (6), the cogni-
tive meaning of the stimulus (7), the
conditioned affective meaning of figures
(4,8), and the affective meaning of
words (9). Thus, the later activity of the
wave form appears to reflect the psycho-
logical significance or meaning of the
stimulus to the organism. John (10),
in a series of studies on cats implanted
with electrodes, showed that changes in
the late components of the evoked po-
tential are also particularly important
during conditioning. His findings suggest
that the wave form of the cortical re-
sponse to the CS has two major deter-
minants, one reflecting exogenous ac-
tivity evoked by the physical stimulus
and a second reflecting endogenous ac-
tivity which is released by the stimulus.
The latter is dependent upon the past
association of the stimulus and may rep-
resent the storage of information in
the form of a representational system
formed during conditioning. When com-
pared to the cortical response to the CS
before conditioning, the occurrence of
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Fig. 2. Changes in amplitude C of the
visual evoked potentials during condition-
ing and extinction. Mean values are based
on 16 subjects. Cross, CS+, reinforced
trials; broken line, CS{-, blank trials;
solid line, CS—, never reinforced.

additional released activity to the same
stimulus after conditioning is most easi-
ly seen in the modifications of the late
component of the wave form (10, 11).

Our study demonstrates a similar ef-
fect in human conditioning. Before con-
ditioning, the CS+ and CS— elicit sim-
ilar wave forms. After the flash and
clicks have been paired, the CS+ when
presented alone shows an enhancement
of the late component similar to the re-
sponse to the combined CS+ and UCS.
Since this increase occurs only after con-
ditioning and is reduced during extinc-
tion, it may be argued that two separate
processes are determining the wave
form: (i) the neuronal activity normally
evoked by the flash; and (ii) the neu-
ronal activity that represents the storage
of information produced by the previous
pairing of the CS+ and the UCS, now
released by the former.

Perhaps the specific mechanism in-
volved in the conditioning observed in
our study is suggested by Yoshii and
Ogura (12) who report that approxi-
mately a third of the neurons in the
reticular formation of the cat are poly-
sensory in function and that repeated
pairing of stimuli from different modali-
ties produces a change in responsiveness
in the majority of the cells to either
stimulus when presented alone. Simi-
larly, Morell et al. (I13) recorded single
unit responses in the visual cortex to
flash and shock presented alone and in
combination. After pairing, the pattern
of firing to the flash alone appeared to

be a simple summation of the responses
elicited by the flash and shock alone
prior to pairing. In both studies the re-
sponse to the CS after pairing appears
primarily additive, with the CS now elic-
iting both its former response (exog-
enous or evoked) plus the response
elicited by the second stimulus during
pairing (endogenous or released).
Although the surface cortical poten-
tial is recorded over a relatively large
anatomical area, there is some reason
to believe that the wave form reflects the
overall activity of its constituent units
(14). As a result, the increased respon-
siveness of single cells after stimulus
pairing would be manifested in the
heightened amplitude of the surface re-
sponse. Analogous to the findings of
Morell et al. (13), the evoked potential
to the flash alone in our study is signifi-
cantly larger after the flash has been
paired with the clicks (A;) than before
(B3). This result appears generally con-
sistent with a hypothesis of increased
rate of neuronal firing to the CS+ after
conditioning. Thus, the late components
of the VEP reflect the release of pat-
terns of neuronal activity which relate
to the perception of the stimulus and
to the previous relevant experience of
the organism.
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