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Neuroelectric Correlates of Conditioning

Gabriel ef al. (1) reported changes in
multiple-unit responses in the rabbit’s
medial geniculate body associated with
the acquisition and reversal of a discrimi-
native conditioned avoidance response.
In both stages of the experiment the
positive conditional stimulus (CS™),
which was followed by shock, purportedly
evoked larger neural responses than the
CS -, which was not followed by shock.
The conditioned discrimination and its
reversal were regarded as adequate con-
ditions for ‘‘producing unambiguous as-
sociative effects.”

The controls employed by Gabriel et
al. are appropriate for one kind of non-
associative effect, specifically, effects
that are not correlated with conditioned
changes in behavior. They are not ade-
quate, however, for nonassociative ef-
fects that actually depend on conditioned
changes in behavior. Suppose, for ex-
ample, that an increase in level of arous-
al leads to an increase in neural activity
evoked by a CS. Such an increase in
arousal can result from the presentation
of a noxious unconditional stimulus
(UCS) like electric shock. A general in-
crease in arousal might occur in an aver-
sive conditioning situation and have little
or no relationship to the conditioned
changes in behavior. It might, never-
theless, enhance the neural activity
evoked by the CS as long as the height-
ened arousal is maintained by the re-
peated presentation of shock in the con-
ditioning procedure. Such a change in
evoked activity would be revealed as
nonassociative by the discrimination and
reversal controls employed by Gabriel et
al. If, on the other hand, the increase in
arousal were itself conditioned together
with, say, an instrumental avoidance re-
sponse, one might expect the condi-
tioned arousal to lead secondarily to a
“conditioned’” increase in the CS-
evoked response. Is this an associative
change in the evoked response? Only in
a trivial sense, because it is not unique to
the conditioning operation and throws
little light on the conditioning process. It
is, nevertheless, correlated with condi-
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tioned changes in behavior, and one
would expect it to remain so throughout
discrimination and reversal learning.

It is possible that the effects reported
by Gabriel et al. are of this kind, al-
though that is not the only possibility.
Other behavioral changes, for example,
in orientation toward conditional stimuli,
may also be confounded with condi-
tioned changes in behavior, and one
needs assurances that adequate mea-
sures have been taken to eliminate such
possibilities. Level of arousal seemed
the most appropriate variable to illus-
trate the argument, however, for we (2)
and others (3) have shown that changes
in late components of evoked activity in
primary afferent pathways during condi-
tioning can reflect mainly conditioned
arousal or fear responses. Such changes
in the later components of evoked activi-
ty remain a strong possibility in the ex-
periment by Gabriel et al. To show that
modifications in evoked activity are in
some way unique to a conditioning pro-
cess or are primary changes not depen-
dent upon behavioral modifications has
become a demanding task. This is not to
argue that such modifications cannot be
found; there is some evidence for them
4), but very little considering the numer-
ous claims. Ad hoc arguments that the
data have not been compromised are
encountered more often than adequate
controls.

My main intention in this note has
been to call attention to conceptual diffi-
culties in the study by Gabriel ef al.
which are not, however, peculiar to this
study. There are, however, several tech-
nical shortcomings in their report. Con-
sider, for example, the data in the left-
hand column of their figure 1, which
presumably support the conclusion that
in the final stage of acquisition the ge-
niculate responses to the CS* were larger
during the first 40 msec than the re-
sponses to the CS™. This appears to be
the case for subject 44; but the opposite
relationship is seen in the data from sub-
ject 42, and it is difficult to distinguish
any systematic differences between the

curves for the other three subjects.
There is no statistical evaluation of this
difference. Moreover, the arbitrary selec-
tion of different points on the curves of
individual subjects as illustrative of sig-
nificant differences is at variance with
accepted statistical practices; and the
standard deviations used as the measure
of those differences have no relevance to
statistical decisions about the differences
between the curves for the CS* and
CS~ conditions. The reversal data in the
right-hand column are only a little less
disturbing, especially in view of a con-
founding difference between the initial
(preconditioning) amplitudes of the re-
sponses to the two CS’s (which Gabriel
et al. were preparing to explain in a later
publication) and a statistical evaluation
based on not just the early ( 5 to 40 msec)
activity, but on the complete response.
ROBERT D. HALL
Neurosciences Research Program,
165 Allandale Street,
Boston, Massachusetts 02130
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Hall agrees that differential condi-
tioning and reversal of short-latency me-
dial geniculate nucleus (MGN) neuronal
activity (/) is an associative neuronal
effect. However, he argues that the ef-
fect may be associative ‘‘only in a trivial
sense.”” Hall’s judgment of triviality
seems to us to be based on his belief that
our effect ‘““‘depend[s] on conditioned
changes in behavior.”” We presume Hall
expects a trivial neuronal effect to be
““correlated with conditioned changes in
behavior . .. and to remain so [corre-
lated] throughout discrimination and re-
versal learning.”’

We interpreted Hall’s phrase, ‘‘de-
pend[s] on conditioned changes in behav-
ior,”” to mean either (or both) of the
following: (i) the associative neuronal
responses were mediated by prior condi-
tioned behavioral activity; (ii) the effects
were positively correlated with condi-
tioned behavioral activity in all stages of
conditioning and reversal. Neither asser-
tion is descriptive of the data. The la-
tencies of the differential neuronal re-
sponses (5 to 40 msec) were too brief for
those responses to have been mediated
by prior conditioned stimulus (CS) re-
lated behavioral responses. In fact, it is
unlikely that the briefest latencies of neu-

SCIENCE, VOL. 193



ronal discrimination and reversal (5 to 15
msec) in our study were mediated by any
prior CS-related activity except transmis-
sion from the auditory periphery (2).
Moreover, the random sequence of CS*
and CS~ controlled for differential behav-
ioral predispositions (for example, recep-
tor orientation) prior to CS onset. Our
study was designed with these problems
in mind (3). We did not make ‘‘ad hoc
arguments that the data have not been
compromised.”’

The differential neuronal responses
showed positive covariation with differ-
ential behavioral responses at the end of
conditioning and at the end of reversal
training. However, MGN activity
showed abrupt shifts between the condi-
tioning pattern and the reversal pattern
of the differential response in the early
and intermediate sessions of reversal
training. Behaviorally, the subjects re-
sponded nondifferentially (that is, equal-
ly to CS* and CS™) in these sessions. In
short, there was absence of positive co-
variation of neuronal and behavioral re-
sponses in these sessions (¢). These re-
sults are at odds with interpretation (ii)
above. The neuronal responses clearly
were not ‘‘correlated’’ with conditioned
behavior in all stages of conditioning and
reversal. Unfortunately, Hall did not ask
to see our detailed report which, in (1),
we cited as ‘‘in preparation.”’ [This re-
port has subsequently been accepted for
publication (¢).] Had he requested it, we
would have sent it to him.

Suppose, hypothetically, that short-la-
tency neuronal responses were corre-
lated with behavioral responses in all
stages of conditioning and reversal. This
outcome would not be a trivial one. In-
stead, it would suggest an important neu-
ronal precursor of conditioned behavior
whose specific behavioral function
should be explored in subsequent experi-
ments. Hall’s assertion that such an out-
come would not be ‘‘unique to the condi-
tioning operation’”” seems uninterpret-
able to us. In fact, this result would be a
specific product of the conditioning oper-
ation, just as learned behavior. More-
over, the associative character of the
effect would not be negated, nor would
understanding of the effect be promoted,
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by arbitrary application of a label such as
““‘conditioned arousal’’ (5).

The major point of our study was the
empirical demonstration of short-latency
associative change of neuronal activity
in MGN. This had not clearly been
shown before. However, we also at-
tempted to develop testable ideas about
the function of the associative activity
based on its relations to the learning
task, learned behavior, the neuroanatom-
ical context, and so forth (4). Given the
role of MGN in auditory processing, cor-
ticofugal projections to MGN, and the
unique neuron-behavior relations ob-
served in our study, we proposed ac-
quired sensory filtering as the adaptive
function reflected by our data. Studies
are under way to test this idea. This
approach seems preferable to any based
on a priori assumptions about the rele-
vance (for example, triviality) of the
data.

On the technical side, Hall points out
that not every subject showed condi-
tioning and reversal in every bin from §
to 40 msec. However, we did not claim
that differences occurred in every bin,
and our conclusions did not depend on
such invariant differences.

We demonstrated a significant ‘‘cross-
over’”’ effect from conditioning to rever-
sal in each subject in the first 100 msec,
using a standard statistical test. Given
that the effect was significant in the first
100 msec, and given the conceptual im-
portance of latency, we sought to deter-
mine the ‘“‘earliest’” 10-msec bin in each
subject to show a significant differential
effect both in conditioning and in rever-
sal. The claims of significance of the
differences between CS* and CS™ effects
in these earliest bins were questioned by
Hall. Although not stated explicitly in
our report, the claims were based on the
distribution of differences between pre-
CS* and pre-CS™ (baseline) bin values. A
difference of 2.8 or greater in our units
represents a significant (P < .05) normal
deviate in that distribution. A significant
difference in conditioning alone, or in
reversal alone, could by this criterion be
attributed to ‘‘prewired’’ effects of the
tones. However, significant superiority
of the response to CS*, relative to CS-,

both in conditioning and in reversal, can-
not be attributed to prewired effects of
the tones. Rather, this outcome indicates
associative modification of neuronal ac-
tivity. Moreover, if prewired effects ac-
counted for the differential responses in
conditioning, or in reversal, then differ-
ential responses should also have been
present during pretraining with tones and
noncontingent shock. Although small dif-
ferences did exist in pretraining, signifi-
cant short-latency (single-bin) differ-
ential responses occurred both in condi-
tioning and in reversal when the pre-
training responses to the tones were
subtracted from the data (¢). Based on
these outcomes, our claims of signifi-
cance of differences at the earliest bins
stand as reported. Again, we would have
sent the analyses involving corrections
for pretraining differences to Hall, had
he requested them.

MICHAEL GABRIEL

STEVEN E. SALTWICK

JosepH D. MILLER
Department of Psychology, University
of Texas at Austin, Austin 78712
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