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INTRODUCTION

Pavioy (1927) asserted that refiexes were "the elemental units
in the mechanism of perpetual equilibration," and that they con-
stituted the foundation of the nervous activities of both men and
animals. He distinguished between those reflexes that were inborn
or unconditioned and those which were acquired or conditioned during
the 1ife of the organism. Using the 1anguagé of the classical
physiologist, he suggested that reflexes could be either excitatory
or inhibitory, and viewed excitation and inhibition as fundamental
properties, the two most important manifestations of activity in
Tiving neryous elements. Despite the bias in American psychology
in favor of research on excitatory associative processes, the
application of the excitatory-inhibitory distinction to behavioral
phenomena has weathered psychology's usurpation of the conditioned
reflex, and this distinction remains very much a part of present-
day learning theory (see Boakes & Halliday, 1972).

Conditioned excitation is often typified by Pavlov's finding
that a behaviorally "neutral" stimulus event (such as a light or
tone) will acquire the ability to produce an increase in salivation
as a result of repeated pairings with food or acid in the mouth.

In general terms; the conditioned stimulus (CS) is said to acquire
the ability to elicit a conditioned response (CR) as a result of
repeated pairings with an unconditioned stimulus (US). In contrast,
conditioned inhibition (Pavlov's "internal inhibition") refers to

an acquired tendency that is opposite that produced by the con-

ditioned excitor, and is usually thought to result from a negative



relation between the CS and US. When presented together with a
conditioned excitatory stimulus, a conditioned inhibitor presumably
will actively suppress the excitatory response tendency.

The present dissertation is concerned with conditioned excitation
and inhibition in Pavloyian fear conditioning, and in particular,
with the role that excitatory strength plays in determining strength
of inhibition during the learning process. Before considering that
relation, however, the definition and measurement of acquired fear
and its inhibition must be examined, as well as the conditions that
are belieyed to affect the development of those tendencies.

The Definition of Conditioned Fearfulness
and Conditioned Inhibition of Fearfulness

The early formulations of Mowrer (Mowrer, 1939, 1947; Mowrer &
Lamoreaux, 1942, 1946) and Miller (1948, 1951) did much to promote
the idea that the learning of emotional reactions might best be
viewed in terms of Pavlovian conditioning. Following the Pavlovian
schema, they suggested that by being paired with some aversive
(painfu])‘event, a formerly neutral stimulus could acquire the
ability to evoke an emotional response (fear) in anticipation of
the aversive event. In the context of their larger views of the
interaction between associative and motivational processes, they
suggested further that the internal stimulus consequences of the
fear reaction had drive-arousing properties, and that a reduction
in fear could reinforce a contingent response. This type of
analysis was used to interpret behdvior in signalled-avoidance

paradigms and in "acquired-drive" paradigms, and has been extended



to a variety of other situations (see McAllister & McAllister, 1971;
Rescorla & Solomon, 1967).

Although the formulations of Mowrer and Miller clearly impli-
cated an aversive US and its paired relation to some antedating
stimulus eyent, it was not clear that those conditions by themselves
defined fear. The question arises, for example, whether a stimulus
that has been paired with an aversive US, yet fails to exert a
motivational effect, is still to be regarded as eliciting fear.
Mowrer's (1947) suggestion that the fear response was a complex
conditioned viscéra] reaction generated a good deal of research
into the re]ationship among fear conditioning procedures, changes
in a variety of physiological measures, and performance on tasks
alleged to be dependent upon conditioned fear (see Rescorla &
Solomon, 1967). This concern, however, only postponed consideration
of the problem of definition. What if physiological response
measures failed to correlate with behavioral response measures or
with variations in conditioning parameters? Had fear been improperly
defined by that measure or was fear simply not related to the
target task?

In an attempt to reduce the confusion produced by this lack of
clarity in the early treatments of the fear concept, McAllister and
McAllister (1967) suggested that fear might be most usefully defined
in terms of exposure to CS-US pairings. Moreover, they proposed that
the task of "measuring" or "indexing" fear remain apart from that of
defining fear. In this manner, a clear and reliable operational
definition could be had, despite a lack of correspondence among the

various response measures used to "index" fear.



Brown (1974) has reviewed the problem of the definition and
measurement of fear and has suggested a different approach. First,
rather than define fear per se, he proposes to define fearfulness.
The word "fearfulness" is a label given to a property or character-
istic that an individual may possess to varying degrees, or not at
all. To determine whether an individual is "fearful," reference
must be made to the criteria described in a standard definition.

The worth of any given'definition will depend upon the extent to
which the concept of fearfulness (as it is defined) can be shown to
relate to other concepts or behaviors in a lawful manner.

Using the McAllisters' "pairings definition," an organism might
be said by Brown to be "fearful" if it had received so many pairings
of such and such a CS with such and such a US under specified temporal
conditions. Presumably, one could incorporate the notion of relative
fearfulness into this type of definition by asserting that amount or
degree of fearfulness was an increasing monotonic function of the
number of CS-US pairings. Given this definition, the behavior
scientist's task would then be to see whether fearfulness was a
useful or significant concept in the sense of uniquely describing
a characteristic that was lawfully related to other behaviors or
characteristics.

Even though the McAllister's "pairings" definition provides an
adequate and potentially significant definition of "fearfulness,"
Brown finds their separation of definition and measurement
unnecessary. When one wishes both to define and measure, the

statement of the definition and the statement of the measurement



procedures are inextricable. Because the McAllisters clearly wish to
avoid a "response" definition of fear, the business of relating fear
(defined in terms of antecedent conditions) to overt responses should
not be characterized as somehow "indexing" or "measuring" fear. If the
"number of pairings" definition described in the previous paragraph
correctly reflects their position, "measurement" of fearfulness consists
simply of counting CS-US occurrences. Re]ating the number of pairings
to oyert responses is more properly viewed as part of the process of
determining and evaluating the significance of the defined concept.
Brown argues further that a definition of fearfulness that in-
cludes reference to the behavioral outcome of some standardized test
(an "outcome" definition) may have certain advantages over one that re-
fers only to antecedent conditions. Individual differences in "con-
ditionability" or "sensitivity" to the CS or US (defined independently)
might reduce the probability that a pairings definition would be as
useful as a definition that included reference to some behavior. More-
over, the pairings definition would appear to be insensitive to "real
changes" in response strength such as might‘occur as a function of time
following extinction (spontaneous recovery). Finally, Brown pro-
poses not only that an "outcome" definition might prove more useful,
but that an outcome definition that excludes reference to antecedent
conditions may be the most useful of all. If "pairings" remained a
part of the definition, the concept would be restricted to a fearfulness
that was learned, and learned only in the manner specified in the defi-
nition. Response outcomes that were dependent upon "innate" predisposi-

tions, or learning that occurred as a result of something other than



forward CS-US pairings could not be construed as reflecting fearfulness,
even if those outcomes were identical to those produced by forward CS-
US pairings. An "outcome-only" definition places no restrictions on the
"source" of fearfulness and, in this respect, more closely resembles

the procedures used to define other behavior characteristics such as
intelligence.

Adoption of the outcome definition, however, is no guarantee of
success. After choosing any given behavioral test or composite of
tests for the definition, one must continually evaluate its worth by
examining the types of behavior relations that appear as a result of
its application. The McAllisters (1971) see two problems with response
definitions of fear. First, different response measures may not be
highly correlated with one another, and therefore, fearfulness defined
by one behavior may not be the same as that defined by a different be-
havior. This problem, however, is as relevant to the pairings defini-
tion as it is to the outcome definition. Fearfulness defined by 12
pairings at one interstimulus interval (ISI) may be different from
fearfulness defined by 12 pairings at another interval. Only compari-
sons among the types of laws that emerge from the careful use of each
definition can show which is best. It may be that some composite or
weighted average will provide the "best" definition.

The second objection that the McAllisters raise is that the re-
sponse measures typically used to index fear are affected by variables
unrelated to fear. This objection can only make sense if reference is
made to some definition of fearfulness other than that being considered.

Since their remarks occurred in the context of their distinction between



definition and measurement, presumably they were arguing that behavior
on the fear-indexing task could be affected by factors unrelated to the
pairing of the CS and US. However, if one accepts the outcome-only
definition outlihed above, logically there can be no variable that af-
fects the response measure that is unrelated to fearfulness.

To summarize, it has been suggested that the concept of fearfulness
must be adequately defined before we can decide whether it deserves to
be included in the scientist's vocabulary. Although previous treat-
ments of the concept appeared to contain implicit defining conditions,
there was no clear distinction between the criteria that defined the
concept and the outcomes predicted by theories relating it to overt
behayior. Recent suggestions to provide precise definitions of fear-
fulness have focused on the nature of past experiences with CS and US
and/or on performance on standardized tests.

With respect to the original concern over conditioned fearfulness
and conditioned inhibition of fearfulness, only a small part of the
picture has been presented. The "outcome-only" definition explicitly
ignores‘any distinction between conditioned and unconditioned fearful-
ness. In addition, although it has been implied that certain test
outcomes will define greater degrees of fearfulness than other outcomes,
no mention has been made of an inhibitory-excitatory dimension or
whether, indeed, if such a distinction is desirable, the same test can
be used to define both excitation and inhibition of fearfulness. In
the remainder of this discussion, consideration will be given to what
might be entailed in extending the basic definition of fearfulness to
incorporate the notions of acquired fearfulness and inhibition of fear-

fulness.



The reader should be aware that although the following formulations
will be expressed primarily in terms of a classical-conditioning model
of acquired fearfulness, they need not be restricted to that model. As
Kimmel (1974) has recently suggested, an instrumental-conditioning
model of the acquisition of fearfulness may more accurately describe
the learning process, particularly when fearfulness is Tikened to
chronic anxiety as diagnosed by the clinician. The choice of the
language of classical conditioning was made for convenience in presenta-
tion and because most of the data and theories to be discussed later
were derived from a Pavlovian model.

In general terms, we say that a response tendency has been learned

if there has been a measurable change in some aspect of the response

(e.g., its frequency, latency or magnitude) that occurs due to par-

ticular stimulus-reinforcer (classical conditioning) or response-

reinforcer (instrumental or operant conditioning) relations. The

classical conditioning paradigm is usually distinguished by the inde-
pendence between CS-US presentation and the organism's responding,
whereas in instrumental or operant conditioning, presentation of the
reinforcer is contingent upon the response. Although the classical CR
has traditionally been characterized as being "similar" to the uncon-
ditioned response (UR) elicited by the US (cf. Gormezano & Moore, 1969,
p. 124), the present formulation will place no restrictions on the types
or behavior changes that may qualify as learned changes (CRs). For now,
similarity or lack of similarity between CR and UR will be treated as

an empirical or theoretical problem, not a definitional one (see

Rescorla, 1969d, p. 78, for similar comments). Eventually, it may



prove useful to include restrictions in the definition of acquired
fearfulness, but it seems unnecessary at this point, and might exclude
consideration of a number of potentially useful test-~outcome procedures
(e.g., those involying anticipatory heart-rate changes).

Thus, to say that a response tendency has been learned, we require
both that a change in behavior occur and that the change be attributable
to a particular relation between the CS and US. The question arises,
however, as to the exact nature of that CS-US relation. What are the
boundary conditions or criteria that distinguish associative CS-US
relationships from nonassociative CS-US relationships? We can ask
further, whether, or to what extent, these boundary conditions ought
to be included in our formal definition. Usually, a change that occurs
concomitantly with repeated forward pairings is considered possibly to
be due to learning. However, simply observing a change in behavior
following forward pairings may not be sufficient if it can be argued
that the change was due to such processes as sensitization (enhance-
ment of the unconditioned reactions to the CS and/or US), adaptation
(depression of those unconditioned reactions), maturation, or chemical
or surgical intervention. It may also be desirable to distinguish
"learned changes" from changes that occur following CS-alone presenta-
tions (habituatioh, "latent inhibition") or US-alone presentations
(habituation, "pseudo-conditioning"). Although changes falling into

these latter categories might be regarded as "learned" in some broader
sense of the word, they will not be considered as such here, since
they do not result specifically from exposure to both the CS and US.

There appear to be several ways in which the learning definition
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can be formalized so as to incorporate the views expressed in the pre-
ceding paragraphs. First, the notion of "change" implies at least the
first, and possibly both of the following: (a) There must be at least
one occasion on which the response is shown to occur to a greater de-
gree in the presence of the CS than in its absence (or vice versa),
and (b) there must be a difference (positive or negative) between the
response to the CS prior to CS-US exposure and the response to the CS
following CS-US exposure ("response to the CS" may refer either to some
absolute Teyel of responding in the presence of the CS, or to some
relative level of responding in the sense implied in [a]). The exact
way that "change" enters the definition depends upon the criteria
chosen to distinguish associative changes from nonassociative ones.

At this point, it will be helpful to consider how those criteria might
be applied, and the consequences of choosing any particular method.

One might simply assert that any pre- to post-conditioning change
that occurs when conditioning involves forward CS-US pairings (the
exact 1imits of this relation would have to be specified) defines
learning. If the specified training had been given, any change would
have to be considered a learned change. Unfortunately, it could be
argued that such factors as sensitization, adaptation, maturation, etc.,
equally well described such an outcome, and therefore, these concepts
overlapped or were redundant. Moreover, any similar change that occur-
red following exposure to a CS-US sequence other than that specified by
the definition would be excluded. Perhaps this last restriction could
be lessened by modifying the definition to include not only changes

that occur following forward pairings, but also any changes that occur
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(following exposure to an equal number of CSs and USs) that are quali-
tatively the same as those produced by forward pairings (e.g., in the
same direction). In essence, this Tatter type of definition was the one
used by Pavlov to define excitatory conditioning.

To refine the definition of learning to eliminate the possibility
of overlap with other concepts, it is necessary to include a "control-
condition" comparison in the definition. The changes in responding observed
under the conditions of interest (the experimental condition) are compared.
with those in some control condition. To assert that the response ob-
served under the experimental condition was learned, there must be a dif-
ference between the changes in behavior measured under each condition.
The comparison can be made either within the same group (e.g., CS+ vs
CS- in differential conditioning) or between different groups (e.g., CS+
in Group 1 ys random-CS in Group 2). In either case, the stimulus used
on the contro]-condition test cannot have been related to the US in the
same way as the stimulus in the experimental condition. For a within-
group comparison, the control-condition stimulus cannot be the same as
the experimental-condition stimulus, whereas for a between-group compari-
son, the same stimulus may be used in both conditions.

The response observed under the control-condition sets a standard
against which "learned responses" are evaluated. The difference be-
tween the scores under the experimental and control conditions after
conditioning, or the change in the difference between those scores due
to conditioning trials becomes critical to the assertion that the re-
sponse was learned. If these differences are not obtained, no learning

can be said to have occurred. When using the control-condition procedure,
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administration of the experimental and control condition tests before
conditioning may not be absolutely necessary. When they are not given,
however, {t is generally assumed that the response to the stimulus
would have been the same in each condition.

The control condition, in essence, sets the boundary conditions for
learning. The decision to use any one or set of control conditions is
inevitably affected by empirical and theoretical considerations (see
McAllister & McAllister, 1971; Rescorla, 1967b; Seligman, 1969). How-
ever, discussion of the types of controls that haye actually been used
to define learning will be postponed until the notion of inhibition has
been evaluated, since the choice of control procedures may depend criti-
cally upon the manner in which inhibition is viewed (cf. Rescorla, 1967b).

Haying outlined briefly what a definition of learning might entail,
let us consider what is involved in asserting that fearfulness, or more
generally, that some change in Tevel of fearfulness is due to learning.
First, it must be shown that the organism's level of fearfulness in the
presence of a potential CS differs from its level in the absence of
that stimulus. Assuming an "outcome" definition, the test specified
by the definition must be given both in the presence of the putative CS
and in its absence, and both before and after exposure to the experi-
mental conditioning procedure. One's definition of learning might go
on to demand comparison with an "appropriate" control condition as
described previously. If the changes following stimulus onset meet the
requirements of our definitions, the change in level of fearfulness can
be said to be the result of learning.

How might the notions of excitation or inhibition apply to fearful-
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ness? To begin, to say that a response tendency is excited or inhibited
necessarily implies that there is some reference point ("zerc") along the
scale that defines response strength. A response tendency is either
excited or inhibited with respect to that reference point. It should

be noted that the direction of the change in response strength does not
invariably determine whether the change is to be said to reflect excita-
tion or inhibition for all possible responses. The decision to apply
one label or the other in the case of a single change in behavior is
arbitrary. As an example, in the conditioned-emotional-response {CER)
paradigm (to be discussed shortly), a decrease in rate of barpressing
during a conditioned stimulus may be used to define excitation of fear-
fulness. That same decrease in behavior also might be said to reflect
inhibition of the barpress response. In any event, in order to apply the
excitatory-inhibitory distinction, one must refer to a particular re-
sponse and to some "zero" point along the scale that defines response
strength.

In the case of fearfulness, one might use the average score obtained
on the fearfulness test for some population (or any other score) as the
"neutral point," defining fearfulness above that point as excited and be-
Tow that point as inhibited. A single application of the test would be
all that would be required to determine whether the fearfulness shown by
an individual exemplified excitation or inhibition with respect to the
population norm. This simple classification might have Tittle value,
however, if the effects of "fearfulness variables" were no different
above and below the zero point.

A potentially more useful way of handling excitation and inhibition
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might be to compare an individual's fearfulness score under the condi-
tions of interest with his own score under some reference set of con-
ditions. In this‘1nstance9 to say that changes in fearfulness reflected
either excitation or inhibition would require that the fearfulness test
be given at least two times, once under the reference conditions, and
again following some change in those conditions. The choice of ref-
erence conditions is completely arbitrary. At one extreme, they might
be whatever conditions precede the stimulus change of interest. If the
difference between the Tevel of fearfuiness just before and just after
some stimulus change were in the direction of increased fearfulness,
then the change could be said to be excitatory. If level of fearfulness
decreased, the change would be inhibitory.

Such flexibility, however, may not be desirable. Consider the
following example. Suppose that a test for fearfulness were given
during each of the 1-min intervals that preceded, coincided with, and
followed the presentation of a 1-min tone. Suppose further that scores
of 50, 100, and 50, were obtained during each minute, respectively.

What could be said about the effect of the tone on fearfulness? The
change from the tone-off condition (Interval 1) to the tone-on condi-
tion (Interval 2) could be said to have been excitatory. However,

might it not also be reasonable to ask whether the change from Interval

1 to 2 was due to the removal of some inhibitory condition, rather than
to the onset of an excitatory one? And what of the change that occurred
following tone offset (Interval 3)? With respect to the second interval,
tone offset was inhibitory. But, if the change is labeled inhibitory,

has anything more been said than that an excitatory stimulus (defined
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by the difference between Intervals 1 and 2) was removed?

The preceding example simply illustrates that, given a variable
set of reference conditions or no reference conditions at all, an in-
crease in level of fearfulness might be said to be due either to an in-
crease in excitation or a decrease in inhibition. Similarly, a decrease
in level of fearfulness might be due to an increase in inhibition or a
decrease in excitation. The only way to use the terms excitation and
inhibition uniquely to describe changes in level of fearfulness is to
standardize the reference conditions. For instance, the score obtained
on the fearfulness test in the absence of any discrete stimuli known to
affect level of fearfulness (determined empirically)} might be used to
define the "neutral" (zero) point. The utility of any such arbitrarily
chosen "zero" point would ultimately have to be evaluated in terms of
the significance of the behavioral laws generated by its application.

Stimulus~produced departures in level of fearfulness from the
reference could clearly be labeled excitatory (if the change were an
increase in fearfulness) or inhibitory (if the change were a decrease
in fearfulness). However, there would still be a problem in handling
changes that originated from non-zero levels of fearfulness. Increases
in absolute level of fearfulness from above or below zero might be due
either to an excitatory stimulus change, or to the removal of an inhibi-
tory stimulus. Decreases from above or below zero would be equally
ambiguous.

How can the ambiguous cases be handled? It would seem that it is
only when the conditions of which a given level of fearfulness is a

function remain constant that one can hope to apply the labels excita-~
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tory and inhibitory in a meaningful way. Above~zero decreases in level
of fearfulness might only be called inhibitory if it can be shown that
the stimulus conditions that aroused the initial level of fearfulness
have not been altered, either physically or in some (measurable)
"psychological" sense (e.g., attentional increases or decreases).

The foregoing considerations may be especially important if the
response used to define level of fearfulness were at a minimum (or
maximum) strength in the absence of any alleged fear inhibitors or
excitors. Because the level of fearfulness could change in only one
direction from the reference point, only excitation or only inhibition
could be directly defined by a change from the reference point. In
order to find evidence for the opposite type of change under these con-
ditions, fearfulness would have to be at some non-zero level to begin
with, and the stimulus change of interest would have to bring the level
of fearfulness closer to the zero point. And even then, one would need
to be reasonably sure that this return toward zero was not simply due
to a modification in the stimulus conditions that produced the original
non-zero level of fearfulness. This procedure could be standardized
for purposes of definition by always testing for the opposite type of
change in the presence of a stimulus of known (excitatory or inhibitory)
strength.

The preceding discussion has been noncommittal as to whether
excitatory or inhibitory changes in level of fearfuTness reflect the
conditioned or unconditioned properties of the stimuli under considera-
tion. Presumably, a stimulus can produce an excitatory (inhibitory)

change in Tevel of fearfulness whether or not the requirements of our
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definition of learning have been met. Moreover, there appears to be
no reason why a stimulus that has acquired inhibitory (excitatory)
properties can not affect fearfulness due either to conditioned or
unconditioned excitatijon (inhibition). Similarly, a stimulus with un-
conditioned inhibitory (excitatory) properties may affect either type
of excitation (inhibition).

At this point, our formulations can be quite readily extended to
encompass the notions of acquired excitation and inhibition of fearful-
ness. The general definitions of excitation and inhibition already in-
clude part of the idea of response change that is contained in the
definition of learning. That is, the test must be given once before
and once after the stimulus change of interest. All that is needed is
the addition of the control condition to rule out nonassociative
excitatory and inhibitory influences. The logic here parallels that
described before. If the change in level of fearfulness produced by
the alleged conditioned stimulus differs from that produced by the
stimulus in the control condition, the change can be said to be due to
learning. If that change is in the direction of increased fearfulness,
the stimulus is called a conditioned excitor. If the change is a de-
crease, the stimulus is called a conditioned inhibitor.

To summarize all of the foregoing, it has been suggested that, in
order to understand what is meant by the phrases "conditioned excitation
of fear" and "conditioned inhibition of fear," it is necessary to con-
sider carefu]]y}what it might mean to say that an individual is fearful,
that a response tendency has been learned, and that a change in the

strength of a response tendency reflects excitation or inhibition. It
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was proposed that a definition of fearfulness that depends, in part,
upon some behayioral outcome might prove more useful in the delineation
of important behavioral relations than one which does not. Moreover,

a definition that does not restrict the concept by including or exclud-
ing certain types of antecedent experiences in the statement of the
definition may prove the most useful of all. Examination of the con-
cept of a learned response tendency led to the suggestion that changes
in level of fearfu]ness might be attributed to learning if certain re-
quirements were met. Most important among these requirements were that
the changes had to be attributable to CS~US exposure, and different
from those shown in some control condition. Although specific control
strategies have not yet been discussed, it was noted that the choice of
the control condition, in effect, sets 1imits on the types of CS-US
relations that would be said to produce associative changes in response
tendency. Finally, in the discussion of excitation and inhibition, it
was suggested that level of fearfulness could be said to reflect
excitation or inhibition if there were a shift in level of fearfulness
away or toward the level shown under a reference set of conditions.
Only those shifts in fearfulness that could be attributed to stimulus
changes that did not affect the conditions responsible for the original
deviation from the reference level could reasonably be said to be
either only excitatory or only inhibitory. To assert that a given change
in Tevel of fearfulness reflected acquired excitation or iphibition
would require consideration of both the direction of the change with
respect to the reference condition, and the nature of the change

shown by an "appropriate" control condition.
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Tests for Fearfulness and the Inhibition of Fearfulness

Hopefully, the preceding discussion has provided a conceptual
framework for a more detailed consideration of two critical issues:
(a) specification of the types of behavioral tests that might be used
to define fearfulness and/or its inhibition, and (b} specification of
the control procedures that might be used to assess whether changes in
Tevel of fearfulness are due to Tearning. Attention will be given to
these problems in this section and the next section, respectively.

McATlister and McAllister (1971) have recently furnished an exten-
sive review of behavioral measures of conditioned fear. They focused
primarily on situations in which the conditioning of fear was presumed
to be independent of its measurement. Specifically, they were inter-
ested in situations in which the US did not appear directly to elict
the measured response. Thus, they were not concerned with avoidance
conditioning or classical defense conditioning. They admitted that fear
might well be conditioned in these types of situations, but preferred to
avoid the complications that may arise in interpreting such measures.
As noted before, the present analysis places no restrictions on the
nature of the test used to define fearfulness. However, when changes
in level of fearfulness are believed to be produced by conditioned
stimuli, we shall consider only those instances in which the CS and US
have been presented independently of any particular response during con-
ditioning. This approach is consistent with our interest in a Pavlovian
view of acquired fearfulness, and rules out tests in which the experi-
menter does not maintain precise control over the number, duration, and

temporal distribution of CSs and USs. Thus, as the McAllisters suggest,



20

avoidance conditioning will be ignored. However, there appears to be no
apriori reason to exclude consideration of traditional defense condi-
tioning procedures.

The fear measures described by the McAllisters fall into three
general categories: (a) changes in level of performance resulting from
the response~contingent removal of a fear-arousing stimulus, (b) changes
in performance resulting from the response-contingent introduction of a
fear-arousing stimulus, and (c) changes in the strength of responses
(Tearned or unlearned) that occur in the presence of a fear-arousing
stimulus. A brief review of fearfulness tests that fall into these
categories follows.

An example of the first method is the so-called "escape-from-fear"
paradigm. The organism is simply placed into a situation and given an
opportunity to escape the alleged fear-arousing stimulus. The frequency
or speed with which the escape response occurs can be used to define
level of fearfulness. Faster or more frequent responding is usually
associated with higher levels of fearfulness. The classic experiments
of Miller (1948) and Brown and Jacobs (1949) typify this procedure.

In the second category, fearfuiness is defined by the ability of a
given stimulus to punish responding. The more a response-contingent
event weakens a response (e.g., increases its latency or decreases its
frequency or yigor), the more fear-arousing that event can be said to
be. The studies of Mowrer and Solomon (1954) and Mowrer and Aiken (1954)
are offered as examples of this type of procedure.

Test methods falling into the last category are characterized by

the fact that the supposed fear-arousing event is presented noncontin-
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gently while the organism is performing (or about to perform) some re-
sponse. Dependfng upon the paradigm, increases or decreases in strength
of responding may be used to define increases in level of fearfulness.
Changes in the rates of two types of operant baselines are often used
for this purpose-~instrumental or consummatory responding for food rein-
forcement, and instrumental responding in unsignalled shock-avoidance
paradigms. When an appetitive baseline is used, and a conditioned
stimulus is presented, the method is typically referred to as the con-
ditioned-emotional-response (CER) or conditioned-suppression paradigm.
Decreases in rate of responding define increases in level of fearfulness
(cf. Estes & Skinner, 1941). The aversively-motivated response baseline
usually involves a Sidman avoidance task (Sidman, 1953). This method
will be referred to here as the "transfer-to-Sidman" procedure. In this
instance, increases above baseline response rate correspond to increases
(excitation) in fearfulness, and decreases below baseline response rate
correspond to decreases (inhibition) in fearfulness (cf. Rescorla &
LoLordo, 1965).

When interest is specifically in acquired fearfulness, fear condi-
tioning may take place either while the animal is performing a response
such as barpressing ("on-the-baseline" conditioning) or under circum-
stances where responding is impossible ("off-the-baseline" conditioning).
In the on-the-baseline procedure, conditioning and testing occur at the
same time. However, in the off-the-baseline procedure, in order to test
for fearfulness, the baseline must be re-established before the stimulus
can be presented. There are advantages and disadvantages to each method.

On-the-baseline conditioning permits a trial-by-trial record of the level



22

of fearfulness, whereas acquired fearfulness must always be measured in
extinction when using the off—the-baSeline method. In off-the-baseline
conditioning, one can avoid the possible complications introduced by
accidental punishment of the bperant response by the US, or interactions
with situational CRs related to the operant response during conditioning.
However, because testing must always occur on-the-baseline, there is
greater opportunity for stimulus-generalization-decrement effects in the
off-the-baseline procedure. Although the data derived from both methods
often permit the same conclusions to be made concerning the effects of
variables purported to affect conditioned fear, in certain instances,
different conclusions are reached (Wagner, Siegel, & Fein, 1967). There
has not been a great deal of systematic comparison of these methods.

The transfer techniques involving appetitively- and aversively-
motivated operant responses are instances in which fearfulness is defined
in terms of the ability of a stimulus to affect the strength of a learned
response. There are several techniques that define fearfulness in terms
of a change in the strength of an unlearned response. An increase in the
strength of the UR "normally" elicited by some US can be taken to define
an increase in level of fearfulness. A decrease may indicate inhibition
of fearfulness. The startle-probe method described by Brown, Kalish,
and Farber (1951) is an example of this. They found that a stimulus that
had been forwardly paired with shock enhanced the startle response elicit-
ed by a Toud auditory stimulus. Changes in level of gross motor activity
in the presence of fear-arousing stimuli might also be an example of a
procedure falling into this category (e.g., open-field behavior; see

also Klare, 1974). Another possibility has recently been proposed by
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Rakover (1975). He measured the rat's response to electric shock when
escape from shock required the rat to appreach the alleged fear-arousing
stimulus.

Several points must be made with respect to the test procedures de-
scribed aboye. First, all may be used to define changes in level of fear-
fulness due to the conditioned or unconditioned effects of various stim-
uli. In each instance, to say that a change in fearfulness was due to
Tearning would require comparison with some control condition. Second,
to assess the effects of a "non-stimulus" factor (e.g., genetic back-
round) on level of fearfulness, one must correlate variations in that
factor with the level of fearfulness aroused by some standard stimulus
(or in certain instances, the test conditions themselves provide the
stimulus, e.g., the open field). Third, most of the tests were designed
to measure fear excitation, and without modification, may not be appropri-
ate for measuring fear inhibition. For example, in the escape-from-fear
paradigm, an alleged inhibitory stimulus might not be expected appreciably
to reduce the operant level of the target response if that response
occurs infrequently in the absence of an explicit fear-arousing stimulus.
This could be due simply to a measurement problem (e.g., a "floor effect"),
or to the absence of any fear to inhibit. This point wi11 be discussed
again later.

Before continuing, two other test strategies must be added to the
list. The first involves the use of physiological response measures
(e.g., heart rate, respiration, blood pressure, muscle tension, skin
conductance, etc.), and the second, verbal (written or spoken) responses.

In these instances, level of fearfulness can be defined simply in terms
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of the response to some standardized set of conditions in the presence
of the supposed fear-arousing stimulus.

These are but a few of the tests that have been offered as candi-
dates for the definition of fearfulness. McAllister and McAllister (1971)
have discussed the merits and demerits of many of them at length. As
has been suggested before, it may be necessary to use some combination
of testsin arriving at the "best" (most useful) definition. For example,
suppose that a stimulus has been found to depress response rate in a CER
paradigm. Because stimuli that have been paired with food also depress
response rate (Azrin & Hake, 1969), we may not wish to accept that be-
havior alone as defining fearfulness, especially if we want to restrict
our notion of fearfulness to the effects of conditioned and unconditioned
aversive stimulation. In that case, one might further demand that the
stimulus enhance responding in a transfer-to-Sidman test or that it not
affect the response in a startle-probe test. In both of these tests,
conditioned appetitive stimuli do not appear to have the same effects as
conditioned aversive stimuli (Grossen, Kostansek & Bolles, 1969; Trapold,
1962). |

The tests for fearfulness described above have primarily been used
to assess a level of fearfulness that was thought to be "excited." With
the addition of a few conditions, however, all can be used to define in-
hibition of fearfulness as well. In the remainder of this section, at-
tention will be focused upon techniques that might be used to define
inhibition, and the logic behind their use. Because our interest is in
conditioned inhibition of fearfulness, it will be assumed that control

conditions are available to assess nonassociative factors (see next
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section). In addition, although the discussion will be directed toward
measuring conditioned inhibition, the techniques apply to the measure-
ment of unconditioned inhibition as well.

Both Rescorla (1967b, 1969d) and Hearst (1972) have noted the bias a-
mong Western psychologists to view conditioning as either excitatory or
absent. They have suggested that this bias is, in part, due to a
measurement problem. When a stimulus that does not initially elicit a
CR (the so-called "neutral" CS) acquires that ability through repeated
pairings with the US, it seems reasonable to conclude that excitatory
conditioning has 6ccurred. However, consider the "neutral" CS that is
imbedded in operations thought to make it inhibitory. According to the
general definition proposed earlier, the conditioned inhibitor should
produce a tendency opposite that produced by an excitor. But if the CS
elicits no response prior to conditioning, it is difficult if not im-
possible to show a decrease in responding. Since no change in behavior
is observed, one cannot say that learning has occurred. For this reason,
a variety of special measurement technigues have been devised to show
that an alleged inhibitor is no longer "neutral."

The first procedure, called the "summation" or "combined-cue" test,

was first suggested by Pavlov. It involves the superimposition of the
alleged inhibitory stimulus on a known excitatory stimulus. Given

the assumptions that excitation and inhibition work in opposite direc-
tions and that theif effects are algebraically additive, one might re-
gard any loss in the strength of the response normally elicited by the
excitor as evidence for inhibition. Implicit in this procedure is the

notion that in order to demonstrate inhibition, there must be something
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(excitation) there to inhibit. The types of excitors that have been
used in combined-cue tests include: (1) an explicit excitatory condi-
tioned stimulus (CS+), (2) backround cues and internal cues that have
been paired with the US (Rescorla & LolLordo, 1965), and (c) the US it-
self. Experiments in which these techniques have been used are described
in Appendix A.

With reference to the fearfulness tests already outlined, it is
clear that each can be transformed into a combined-cue test for the in-
hibition of fearfulness. For example, a stimulus that has met the re~-
quirements of an excitatory stimulus in an escape-from-fear, CER, trans-
fer-to-Sidman, startle-probe, or classical defense conditioning situation
can be compounded (presented simultaneously) with the supposed inhibitor.
In the case of the startle-probe and transfer-to-Sidman techniques, it
may not even be necessary to provide an explicit excitor since the test
procedures themselves may produce sufficient excitation. 1In each in-
stance, there should be a decrease in the level of fearfulness if one
is to say that the event was 1nh1b1tory: To assert that the change was
due to conditioning, it must be shown to differ from that found in the
control condition(s).

The results of a combined-cue test may not unambiguously support a
conditioned-inhibition interpretation. Both the inhibitory-conditioning
and control-condition procedures must be examined for their potential to
produce differential stimulus generalization decrement and/or differ-
ential changes in attention. This will be discussed again shortly.

" "resistance-to-rein-

A second test procedure is the "retardation,

forcement," or "new-learning" procedure. Here, the potentially
Yorcement p
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inhibitory properties of a given stimulus are evaluated by examining the
development of a new excitatory conditioned response to that stimulus.
If the conditioned inhibitor elicits a negative tendency, it would be
expected to retard the develdpment of an excitatory one. Actual exam-
ples of these procedures are presented in Appendix A, but with respect
to the fearfulness tests described previously, again, all can be used

to assess the effect of prior inhibitory-conditioning procedures on the
development of an excitatory tendency.

In this case, as before, however, retardation may not be due solely
to conditioned inhibition. Thus, as Hearst (1972) has suggested, one
might argue that through some attentional mechanism, the organism comes
to "ignore" the stimulus that is used during inhibitory conditioning.
Because ignoring the CS may retard the subsequent development of an
excitatory tendency, and because th%s would not necessarily depend upon
the prior CS - US experiences of the organism, this type of result
could not be interpreted in terms of acquired inhibition. If the atten-
tional deficit were purely a function of nonreinforced pre-exposure to
the to-be-conditioned excitor, a control group that received an equal
number of CS-US exposures, but in such a way as to preclude the develop-
ment of an inhibitory tendency, might be an appropriate control for
these types of deficits.

Rescorla (1969d) and Hearst (1972) have advocated the use of mul-
tiple tests to rule out interpretations contrary to conditioned inhibi-
tion. If the attentional mechanism described in the previous paragraph
were responsible for retardation during a new-learning test, one would

not expect to see evidence for inhibition during a combined-cue test. A -
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stimulus that was "ignored" should not affect responding to the excitor.
Similarly, the attentional mechanism that might be invoked to explain
positive evidence for inhibition on the combined-cue test could not
explain retardation on a new-learning test. One might argue that the
alleged inhibitor attracted the organism's attention during the combined-
cue test, decreasing its attention to the excitor, and thereby produced

a loss 1in response strength. However, if the supposed inhibitor were

an "attention getter," it would be expected to facilitate rather than
retard responding during a new-learning test.

Depending upon one's view of conditioned inhibition, there may be
other ways to rule out nonassociative, attentional mechanisms. Rescorla's
(1969d) definition of inhibition demands that the effects of the inhibi-
tor be specific to excitation associated with the same US used to estab-
Tish conditioned inhibition. Thus, whereas an attentional mechanism
might predict retardation on all new-learning tests, Rescorla's condi-
tioned inhibitor would only be expected to retard new learning involving
the same US. Hearst's (1972) definition, however, does not restrict
the action of the conditioned inhibitor. In contrast to Rescorla's
approach, the question of specificity was left an empirical one, not a
definitional one. Hearst suggested that the use of both combined-cue
and new-learning tests may be sufficient to assess attentional hypotheses.

As can be seen in the review of the Titerature in Appendix A, com-
bined-cue and new-learning tests have been used most widely to assess
conditioned inhibition. However, there are other possibilities that
have not yet been fully investigated. For instance, positive evidence

for the response-reinforcing effects of an alleged inhibitory stimulus
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might be used to define inhibition. As before, control conditions would
be required to evaluate the associative nature of such a finding. Data
in support of the putative reinforcing effects of a conditioned inhibi-
tor will not be discussed heré, but reference is made to a review by
LoLordo (1969), and the studies of Braud (1968), Cunningham (1973, Exp.
3), Rescorla (1969c), and Weisman and Litner (1969b, 1972), for examples
of this technique. There are several interesting issues posed by the
secondary-reinforcement procedure. For instance, one might want to know
whether a conditioned inhibitor can reinforce responding in the absence
of an excited Tevel of fearfulness. If conditioned inhibitors were to
exert reinforcing effects in the absence of any excitation to be re-
duced might suggest that they actually have positive affective proper-
ties (cf. Solomon & Corbit, 1974).

Another alternative procedure for testing for inhibition might be
based on the potential punishing effects of the response-contingent re-
moval of a conditioned inhibitor. There appear to be no data available
on the use of this type of procedure.

To summarize, a variety of techniques for defining level of fear-
fulness have been discussed in the preceding section. Although most of
these procedures were developed in the context of measuring excitation
of fearfulness, it has been suggested that through the use of combined-
cue and/or new-learning test strategies, all can be used to assess in-
hibition of fearfulness as well. Whether defining excitation or inhi-
bition, however, in order to assert that a change in level of fearful-
ness has been due to learning, one must consider the role of nonassocia-

tive factors. This topic will be discussed in the next section.
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The Problem of Control Procedures in
Paviovian Conditioning

In the initial discussion of learning, it was suggested that if one's
definition of learning required comparison of the experimental condition
with a control condition(s), then the control condition(s), in effect,
established the boundary conditions for "learning." The experimental
group would only be said to have learned some response if the change
in its behavior were different from that seen in the control condition(s).
This approach is consistent with the general notion of control strategy--
hold all operations constant except for the critical one--any differences
that are observed can then be attributed to the critical operation; The
problem of control procedures in Pavlovian conditioning has centered
around two issues: (a) specifying the so-called "critical operation,"
and (b) determining whether the control condition has effects beyond the
elimination of the critical operation.

Gormezano and Moore (1969, pp. 127-128) have pointed to three types
of changes in the response to the CS that are generally considered not
to be due to 1earhing-—sensitization, pseudoconditioning, and increases
in the spontaneous rate of emission of the response. Sensitization re-
fers to a reinstatement or augmentation of the original reflex response
(alpha response) to the CS. This response may resemble the CR, but it
is assumed to occur independently of the pairing of the CS and US. In
some response systems, a latency criterion can be used to eliminate
such responses, but in the case of most tests for fearfulness, a control
condition must be employed. Differential~ (within-subject control) and

explicitly~unpaired- (between-~subject control) conditioning procedures
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have commonly been used to control for sensitization.

Pseudoconditioning refers to the emergence of a CR-1ike response to
the CS as a result of prior US exposure. Because this effect occurs in-
dependently of CS-US pairings, it is also assumed not to be due to
learning in the sense implied by our definition. Increases in spon-
taneous rate may also occur independently of CS-US pairing. US-only
and CS-only control groups can be compared to a group that receives no
CSs or USs to assess the contribution of each to spontaneous response
rate, but a group that receives both may be better. In addition, a
correction procedure can often be used to adjust responses observed
during the interstimulus interval for responses occUrring during non-

CS intervals (e.g., difference scores, percentages). Gormezano and
Moore conclude that a group that receives explicitly-unpaired presenta-
tions of the CS and US can be used to control for both pseudoconditioning
and spontaneous rate changes. Since this type of control group receives
the same number of CSs and USs as the experimental group, it is preferred
to CS-alone, US-alone, or novel-CS controls.

The considerations in the preceding paragraphs reveal a potential
bias in the approaches to control procedures in classical conditioning.
A11 of the nonassociative effects that were mentioned were such as
might be confused with conditioned excitatory changes in response
strength. Moreover, all were evaluated with reference to an experi-
mental condition in which the pairing of the CS and US was viewed as
critical to learning. In a seminal review paper, Rescorla (1967b)
noted this, and after a detailed consideration of a variety of control

procedures, suggested that the traditional approach was biased against
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inhibitory conditioning because its statement of the critical factor in
conditioning was incomplete. Thus, all of the control procedures that
had generally been used were said to be inappropriate. In his restate-
ment of the critical aspect of conditioning, Rescorla proposed that the
"contingency" between CS and US was the relevant relation. In contrast
to the traditidna] "pairings" view, the contingency position emphasized
not only what was paired with the CS, but also what was not paired with
the CS. Specifically, cantingency was said to be a function of the
probability that a US occurred during or within a certain time interval
following the CS (Pr[US/CS]). With precise specification of that time
interval, this statement alone might be perfectly consistent with the
pairings formulation. However, Rescorla insisted that the contingency
formulation required consideration not only of this positive relation,
but also of the negative relation, that is, the relation between the

US and the absence of the CS. This "negative contingency" was assumed
to be a function of the probability of the US in the absence of the CS
(Pr[US/CS]). Given this view, he argued that the only appropriate con-
trol group for conditioning was one in which there was no contingency
between CS and US, that is, Pr (US/CS) = Pr (US/CS). A group of this
sort would receive CSs and USs, but these events would be programmed
randomly and independently (the "truly-random" control).

Conventional control procedures were judged inappropriate either
because the control did not receive the same number of CSs and USs
(cS-alone, US-alone, and novel~CS groups), or because the control con-
dition involved a negative CS-US contingency (Pr[US/CS]¢Pr[US/CS])

(explicitly~unpaired, backward, and differential-conditioning groups).
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In Rescorla's view, negative contingencies may produce inhibitory effects.
Therefore, even if an excitatory response were not "really" elicited in
the experimental group, comparison with one of these controls might Tead
to the erroneous conclusion that excitatory conditioning had occurred.
Presumably, the truly-random control provided the only "neutral" base-
line against which to assess both excitatory and inhibitory effects.

Rescorla argued that one great advantage of the truly~random con-
trol was that it held all factors constant except CS-US contingency with-
out demanding that the experimenter be able to specify in advance what
factors might be operating. Moreover, regardiess of whatever changes
in behavior accompanied the truly-random treatment, conditioned changes
(i.e., changes due to CS-US contingency) were to be evaluated as devia-
tions from those shown by the random control.

Adoption of the truly-random control procedure as the control pro-
cedure in the definition of learning requires acceptance of Rescorla's
contingency theory of learning--that positive contingencies produce
excitatory conditioning and negative contingencies produce inhibitory
conditioning. Much of the reluctance to accept the random control in
recent years stems from disagreement with Rescorla's view of condition-
ing. From the traditional point of view, the chance pairings of CS and
US that can occur during truly-random conditioning may be sufficient to
establish an excitatory tendency. The difference between groups re-
ceiving forward conditioning and truly-random conditioning, then, is not
the difference between "conditioning" and "no-conditioning," but between
two levels of excitatory conditioning (the result of continuous vs par-

tial reinforcement). Several studies involving the random control claim
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to have shown this excitatory effect (Ayres, Benedict, & Witcher, 1975;
Benedict & Ayres, 1972; Kremer, 1971; Kremer & Kamin, 1971; Quinsey,
1970). According to the traditional view, therefore, differences between
a negative-contingency condition and a truly-random control might re-
flect excitation in the random group rather than inhibition in the
negative-contingency group.

Even if one were to accept the contingency view, there may be
reasons for rejecting the random control. For example, Seligman (1968)
reported a CER study in which the truly-random control was used in an
on-the-baseline conditioning procedure. The rats exposed to this con-
dition soon stopped barpressing completely. In addition, they developed
a mean of 9.1 ulcers each. Rats in a standard, forward-conditioning
group gradually resumed barpressing between trials and developed no ul-
cers. Seligman argued that the unpredictability of shock had made the
rats in the truly-random condition "chronically fearful," and that al-
though the procedure had eliminated CS-US contingency, its side effects
precluded meaningful comparison of the control condition with the experi-
mental condition. In a subsequent paper, Seligman (1969) suggested that
this experiment was but one example of the need to control not only for
the presumed critical operation, but to consider carefully the empirical
and theoretical implications of using any particular control condition.
If the cohtro1 condition produces side effects, the difference between
the experimental and control groups may be due either to the elimination
of the supposed critical operation or to the absence of the side effect
in the experimental condition.

Because the control condition determines the empirical phenomena
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that one's theory must account for, the theory cannot be said to be in-
dependent of the choice of the control condition. For example, choice
of the truly-random control entails the assumption that the occurrence
of the US during the CS is as effective in producing conditioned excita-
tion as the occurrence of the US in the absence of the CS (CS) is in re-
ducing that excitation. The net associative value of the CS must be pre-
sumed to be zero, and any behavioral changes that occur (such as those
shown by Ayres et é]., 1975; etc) must be attributed to nonassociative

factors. It is only with reference to some other control condition

that one might argue that such changes were excitatory.

Interestingly, Rescorla and Wagner (1972) have subseguently attempted
to account for excitatory-like effects in truly-random conditioning by
proposing that the truly-random CS actually possesses excitatory associa-
tive value early in conditioning (although it presumably loses all assoc-
jative value at asymptote). Thus, in terms of associative value, the
truly-random control cannot always be considered an appropriate '"zero"
at every point during conditioning according to their theory. The
associative value of the CS in a CS-only, US-only, or novel-CS group
would more properly represent the neutral point within their theory,
because the operations involved in those control procedures are not
expected to affect the associative strength of the CS. Unfortunately,
the theory contains no statements concerning the nonassociative conse-
quences of using these types of control procedures (e.g., how does failure
to equate for total number of CSs and USs affect the strength of the ob-
served response), and it is not clear if they are to be preferred to the

truly-random control early in conditioning.



36

Lacking theoretical structures that adequately take into account
both excitatory and inhibitory associative factors and all possible
nonassociative factors in conditioning, it is perhaps not surprising
that the problem of control in Pavlovian conditioning has not yet been
resolved to everyone's satisfaction. Any given control procedure can
only be said to be "appropriate" to the extent that it maintains non-
associative factors constant, yet eliminates the relation(s) that,
according to one's theory, produce excitatory and inhibitory changes in

response strength.
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Variables Affecting Strength of Conditioned Inhibition

It has already been stated that the present dissertation is con-
cerned with factors that affect the strength of conditioned inhibition
of fearfulness. Assuming that certain inhibitory changes in level
of fearfulness are due to learning, it seems reasonable to expect that
the strength of those associative tendencies will be a function of the
same types of variables believed to affect excitatory associative ten-
dencies (e.g., stimulus intensity and duration, temporal relations
among stimuli, number of trials, etc.). Although extensive reviews
of the effects of these variables on the conditioned excitation of
fearfulness are readily available (e.g., McAllister & McAllister, 1971),
there have been very few critical reviews of recent literature in the
area of conditioned inhibition of fearfulness. It therefore seems
appropriate to provide such a review here. This review is contained
in Appendix A, and is briefly summarized in the following paragraphs.

In what was essentially a combined-cue procedure, Rescorla and
LoLordo (1965) demonstrated that rate of responding by dogs on a Sidman
avoidance schedule (hurdle jumping) was depressed by stimuli that had
previously been (a) used as CS- in differential conditioning, (b) pre-
sented in close proximity to nonreinforced presentations of an estab-
lished excitatory CS (before or after), or (c) "explicitly unpaired"
with the US. Presumably, these stimuli reduced excitation associated
with enyironmental, shock and internal cues, temporarily reducing moti-
vation for the instrumental response. This finding has been repTicated
by several inyestigators, not only with dogs, but with rats in both

wheel-turning and hurdle-jumping tasks (Bull & Overmier, 1968; Grossen
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& Bolles, 1968; Herendeen & Anderson, 1968; Rescorla, 1966; Weisman &
Litner, 1969a, 1971). Moreover, the effect appears following backward-
and "cessation-" conditioning procedures (Moscovitch, 1972; Moscovitch
- & LolLordo, 1968). Control conditions have included presentation of a
novel CS, prior CS-alone or US-alone exposures, as well as truly-random
CS-US presentations.

Similar conditioning procedures have yielded outcomes consistent
with a conditioned~iphibition interpretation in combined-cue and new-
learning tests in both CER and eyelid (or nictitating membrane) con-
ditioning (Cappell, Herring, & Webster, 1970; Hammond, 1966, 1967, 1968;
Hammond & Daniel, 1970; Marchant, Mis, & Moore, 1972; Marchant & Moore,
1974; Plotkin & Oakley, 1975; Reberg & Black, 1969; Rescorla, 1969b;
Rescorla & Wagner, 1972; Siegel & Domjan, 1971, 1974; Wagner, 1971;
Wagner & Rescorla, 1972).

Although some of the following conclusions may be equivocal be-
cause of inappropriate control procedures (see Appendix A), generally,
strength of conditioned inhibition has been shown to be: (a) an increas-
ing function of number of conditioning trials (Hammond, 1968; Herendeen
& Anderson, 1968; Rescorla, 1972 ; Siegel & Domjan, 1974; Weisman &
Litner, 1969a), (b) positively related to the strength of the condi-
tioned excitor with which the to-be-conditioned inhibitor is contrasted
(Rescorla & Wagner, 1972), (c) inversely related to the amount of inhi-
bition elicited by stimuli with which the stimulus 1is contrasted
(Suiter & Lolordo, 1971), (d) positively related to the amount of
shock-free time the stimulus precedes (Moscovitch & LolLordo, 1968;

Weisman & Litner, 1971), and (e) positively related to the similarity
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between place of conditioning and place of testing (Desiderato, 1970;
Grossen, 1971).

In general, these findings are consistent with Pavlov's claim that
the procedures that produce internal (conditioned) inhibition fall into
the following categories: (a) extinction (nonreinforcement of an es-
tablished conditioned excitor), (b) extended CS-US intervals (inhibition
of delay), (c) differential conditioning (CSy is reinforced while CSy
is not), and (d) "conditioned-inhibition" training (similar to differ-
ential conditioning except that nonreinforced presentations of C357
overlap [or occur closely to] CSp presentations). Rescorla (1969d)
has suggested that all of these situations have one thing in common--

a negative contingency between the US and CS.

The amount of research into the variables believed to determine
strength of conditioned inhibition is clearly not as extensive as that
devoted to the study of conditioned excitation. One reason for this
might be that there have been few behavioral frameworks within which
to view the 1nhibitory-conditioning process, particularly in a manner
similar to that in which excitatory conditioning is handled. However,
this trend may be reversing (cf. Boakes & Halliday, 1972). Recently,

a model of conditioning that treats excitation and inhibition in a sym-
metrical fashion has been proposed by Rescorla and Wagner (1972). This
model may offer a reasonable starting point for a thorough examination

of the relations among the variables determining Pavlovian conditioning,

and will be discussed in the next section.
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THE RESCORLA-WAGNER MODEL OF PAVLOVIAN CONDITIONING

It can be argued that all of the procedures that Pavlov suggested
would produce internal inhibition have one thing in common--nonrein-
forcement 1n the presence of stimuli that have been, or are similar to
those that haye been, associated with reinforcement. According to Paviov
(1927, p. 127), the strength of inhibition that develops under conditions
of nonreinforcement is directly related to the strength of the excitatory
process on the basis of which the inhibition is established. This is "
the hypothesis towards which the present dissertation is directed. Re-
cently, Rescorla and Wagner have proposed a model of conditioning that
incorporates these Pavloyian tenets in its treatment of conditioned in-
hibition. Because their theory provides a convenient reference point
for the present series of experiments, a brief description of the theory
will be given.

Basically, their model states that the effectiveness of reinforce-
ment or nonreinforcement in changing the associative strength (V) of a
stimulus depends on the existing associative strength of that stimulus
as well as the associative strengths of all other stimuli present at
the same time. In many respects, it is quite similar to Hullian theory,
and in particular, proposes that changes in the associative strength of
a particular stimulus, i, can be expressed in terms of a linear model:

A Vi=ip(N-7)

where & represents stimulus salience (i.e., a learning-rate parameter
associated with the CS), fB a learning-rate parameter associated with the
Us, and A, the asymptotic level of associative strength that the par-

ticular US is capable of supporting. Alpha and beta are confined to the
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unit interval (04 & ,8 £ 1), whereas A is not formally bounded (although
it is generally assumed to be equal to or greater than zero). Finally,
V represents the combined strength of all stimuli present on any given
trial. For purposes of simplicity, this has been assumed to be the sum
of the strengths of the component stimuli (i.e., V =£ V1-)

Several things should be noted: First, the V v;{Jes represent
associative strengths (habits), and can be either positive (excitatory)
or negative (inhibitory). Changes in associative strength on any given
trial are excitatory if A » V and inhibitory if V>N . Second, the
changes in associative strength of elements (i) in stimulus compounds
are dependent upon the discrepancy between A and V, not Vi. This repre-
sents one of the major changes from the linear model proposed by Hull
(1943). With this assumption, the theory can account for the "blocking"
effect (Kamin; 1969), as well as a variety of other outcomes involving
compound stimulus conditioning. Finally, the theory as yet provides
no performance rules, that is, no explicit rules for mapping V values
into response magnitude or probability. The specification of such
rules presumably will require inyestigation of a variety of "performance"
or "motivational” variables. For the present, it has been suggested
that this mapping procedure will preserve the ordering of the V values.
Tests of the theory, therefore, usually involve comparison among the
relative effects of different conditioning procedures.

Since the present experiments are concerned primarily with inhibi-
tory conditioning, the remainder of this discussion will focus upon the
manner in which the Rescorla-Wagner model might handle inhibitory-con-

ditioning procedures. Specifically, we will consider the "A+,AX-"



42

inhibitory~conditioning procedure. This}was the paradigm originally
proposed by Pavlov for establishing "conditioned inhibition," and
Wagner and Rescorla (1972) have suggested that perhaps all inhibitory-
conditioning paradigms can be viewed as special cases of this procedure.
In this procedure, reinforced conditioning trials to some stimulus, A,
are contrasted with nonreinforced presentations of A in combination with
a second stimulus, X. FEventually, A alone elicits a strong CR, whereas
the AX compound elicits Tittle or no response. To see how the Rescorla-
Wagner model treats this, assume first that A has been paired sufficiently
often with some US to bring its associative value (Vp) very close to
asymptote (i.e., Vj = h1). Now, consider what happens when AX- trials
are interspersed among the A+ trials. Assuming that the asymptote of
conditioning that is supported by nonreinforcement is equal to zero
(i.e.,N2 = 0)(see Rescorla & Wagner, 1972, p. 80), the changes in Vp
and Vy that occur on each AX- trial can be expressed as follows:

A Va=oaBy (N2 - [Va+ Vx1)

A vy = wyxBa (N2 - [va + VD)
If X is "associatively neutral" to begin with, the initial value of
(Vp + Vx) will be equal to Va. Since that value is positive, the
quantity (N2 - [Va + VxI) will be negative, and changes in associative
strength will be decremental. The positive V associated with A will be
reduced on AX trials and Vy will actually become negative (inhibitory).
A+ trials should restrengthen A, while not affecting X. As A+,AX-
training continues, the quantity (Vp + Vx = V) should eventually approach
A 2 (zero), and the changes occurring on any particular trial should be

minimal. Vg will have a net positive value equal to the net negative
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value of Vy.

It is clear that the amount of inhibition that accrues to X should
be a function of the excitatory value of A. The stonger the A cue, the
more inhibitory X should become as a result of being nonreinforced in
the AX compound. Rescorla and Wagner (1972) reported three experiments
that bear on this issue. In two of these studies, the strength of the
response to A was manipulated by varying the number of conditioning
trials, and in the third study, by varying US intensity.

In the first experiment, two groups of rabbits initially received
forward eyelid conditioning to each of three stimuli, A, B, and X. A
and X were each paired with shock 224 times, whereés B was paired only
28 times. Empirically, A and X elicited the CR more often than B, and
presumably, their associative strengths differed. During the second
phase of the experiment, one group received 32 nonreinforced AX trials
and the other group received 32 nonreinforced BX trials. Because the
strength of X was the same in each group, the groups differed only in
terms of the excitatory value of the stimulus that was compounded with
X. According to the theory, the decrement in the strength of X on each
compound trial should have been greater in the AX group, because the
discrepancy between V and N was greater in that group. In the final
phase of the experiment, X-alone was again paired with shock during a
relearning test for the strength of X. As predicted by the model, the
group that had received AX extinction trials was slower to recondition
than the BX group. Presumably, the value of X had declined to a greater
degree in the AX condition.

The eyelid preparation was also used in the second study. This
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time, howeyer, the X cue was associatively "neutral" when it was first
compounded with the excitor during inhibitory training. During the
first phase, A and B were each paired with shock (240 vs 8 trials,
respectively) in two groups of rabbits. A third cue, C, was also paired
with shock (548 trials). This cue was to be used as the conditioned
excitor during a final combined-cue test. During the second phase, one
group received A+, AX- training, and the second group received B+,BX-
training (64 trials each). In both groups, X should have acquired a nega-
tive associative value. Moreover, because the conditioned excitors were
expected to have different positive associative values (empirically, A
elicited more CRs than B), X was expected to become more inhibitory when
compounded with the stronger excitor. During the test phase, X was pre-
sented together with C in both groups. Although both groups responded
at the same high level to C alone (about 80% CRs), Group AX responded
reliably less often to the CX compound {about 40%) than did Group BX
(about 65%). That X attenuated the response to C to a greater degree

in the AX condition again supports the hypothesis that strength of con-
ditioned inhibition depends upon the strength of the excitor with which
the to-be-conditioned inhibitor is contrasted.

In the final experiment, the strength of the excitor was manipu-
lated by varying US intensity during on-the-baseline CER conditioning.
After VI food-rewarded barpress training, three groups of rats were
given A+,AX- training. A1l AX trials were nonreinforced and the groups
differed in terms of the intensity of the US paired with A (0, .5, or
1.0 mA). After 45 A+ and 75 AX~ trials, a third cue, C, was established

as a conditioned excitor on a 50% reinforcement schedule using a .5-mA
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shock US. Testing inyolved a combined-cue procedure in which nonrein-
forced presentations of C and CX (two each per day) were given over a
six-day perijod. Suppression ratios from the differential-conditioning
phase were not reported, but presumably the associative strength of A
was greatest fn the 1-mA group, followed by the .5~ and 0-mA groups,
respectively (cf. Annau & Kamin, 1961). Suppression to the C cue was
nearly complete in all groups (the median suppression ratios were about
.03 or less). However, the stronger the US that had been paired with A,
the greater the reduction in suppression when X was combined with C.

Presumably, the stronger the A cue, the more inhibitory the X cue.
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EXPERIMENT 1

In the present series of experiments, an attempt has been made to
substantiate further the notion that the strength of conditioned inhibi-
tion is a function of the strength of the excitation on which the inhi-
bition is based. Specifically, excitatory value was manipulated by
varying US intensity in a CER situation. However, in contrast to the
US-intensity experiment described above, a new-learning test was used
to assess strength of inhibition. The more inhibitory the stimulus,
the Tonger it should take for it to become excitatory when newly paired
with shock. |

There are $evera1 reasons for examining the US-intensity relation.
First, there is a general lack of data concerning the dependence of
strength of inhibition on strength of excitation, Of the variables
believed to affect strength of excitation that have been manipulated
(number of conditioning trials and US intensity), US intensity seems
less firmly established as a determinant of strength of inhibition.
Second, assuming that the combined-cue test showing the US-intensity
effect was valid, the arguments presented by Rescorla (1969b) and Hearst
(1972) seem to suggest that a new-learning test is required to rule out
certain nonassociative attentional hypotheses. For example, one might
propose that the differences among the groups in the US-intensity study
described above were due to differences in attention to X. If for any
reason, it could be argued that attentiveness to X was some increasing
function of US intensity, then one might predict Tess suppression to CX,
the greater the intensity of the US experienced during conditioning.

This same argument, however, could not be used to explain positive
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resuylts for conditioned inhibition on a new-learning test.

Finally, there are several potential confounding factors in the
US-intensity study. In all fairness, it should be noted that the un-
published report by Rescorla and Wagner was quite brief, and that a
complete presentation of the procedure and results might clarify some
of the problems discussed below.

A major problem may 1ie in the failure to equate the groups for
the number and kind of USs each group received. Because of this, the
outcome might have been due to: (a) differences in habituation, sensi-
tization, or attentiveness to the alleged inhibitory stimulus; (b) dif-
ferences in drive level during conditioning that might have affected
the strength of the inhibitory tendency independently of its relation
to a nonreinforced excitor of a particular associative value; and/or
(c) differences in the amount of fearfulness conditioned to apparatus
cues. A comparison among the response baselines across groups might
have shed light on this last possibility (cf. Annau & Kamin, 1961).

In addition, there may be a problem in interpreting the results of
the combined-cue test if it can be argued that the C cue was not equally
excitatory across all groups. That the groups did not differ in amount
of suppression to C does not necessarily contradict this, because sup-
pression was virtually complete in all groups. There may have been
differences in associative value that were obscured due to a "floor
effect" (e.g., as in the study of Annau & Kamip, 1961).  Moreover,
there are reasons to believe that C might not have been equally
excitatory across groups. Several studies suggest that prior expo-
sure to the US retards subsequent development of the CR (Kamin,

1961; Mis & Moore, 1973; Siegel &
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Domjan, 1971; Taylor, 1956), so it is not unreasonable to expect C to
have been less excitatory in the two experimental (pre-shocked) groups
than in the nonshocked control. In addition, there are data that show
this effect to be dependent upon the intensity of the US during the
pre-exposure phase (Mis & Moore, 1973; Rescorla, 1974).

Another problem might be that both C and A were in the same moda]ity
(250-Hz vs 1.2-kHz tone). If, as the theory demands, A were differentially
excitatory across groups, it might be reasonable to expect differences
in amount of generalized excitation to C. In any event, there appear to
be a variety of ways in which C might have attained a different associa-
tive value in each of the groups. If that were the case, the assumptions
of the combined-cue test were violated, and the outcome would have to be
judged equivocal. Perhaps data on the rate of acquisition of suppression
to C would illuminate these possibilities.

The use of different US intensities introduces one other potential
problem. In the study described earlier, all groups were switched from
the various training-level intensities to a common intensity during
the final phase of the experiment. Thus, it might be possible to ex-
plain the obtained results in terms of between-group differences in the
amount of stimulus generalization decrement between the training and
test phases of the experiment. The conditions during the final test
phase were probably most similar to those of the .5-mA group. during
conditioning.

As has already been mentioned, the Rescorla-Wagner model does not
incorporate the types of nonassociative mechanisms described in the

preyious paragraphs. It would appear, then, that the only way to
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manipulate US intensity and still provide a test of the model would be
to equate the groups for the number of exposures to each US intensity
in much the same way that Spence and his associates did in their in-
vestigations of the effects of US intensity on excitatory associative
strength (e.g., Spence, Haggard, & Ross, 1958). Thus, in the present
experiments, all groups were exposed to all US-intensity values during
conditioning. However, in each group, the to-be-conditioned inhibitor
was compounded only with nonreinforced presentations of a CS that had
been paired with a particular intensity US. To minimize the possibility
of differential conditioning of fear to the apparatus cues and to permit
on-the-baseline assessment of the development of the excitatory tendencies,
the “extra" USs were preceded by another stimulus (cf. Rescorla, 1972). To
circumvent problems possibly introduced by generalization decrement be-
tween conditioning and the new-Tlearning test, all the US-intensity values
used during conditioning were also used during the new-Tearning test.
Specifiba]]y, in Experiment 1, two groups of rats were initially
trained to barpress for food reward, and were then exposed to a condi-
tioning procedure designed to endow two stimuli, A and B, with positive
(excitatory) associative value. The groups differed in the intensity of
the US paired with A (.65 vs 1.3 mA), the stimulus that was subsequently
to be contrasted with the to-be-conditioned inhibitor, X. For each group,
B was paired with whichever US had not been paired with A. A stimulus
diagram of the conditioning trials given to each group is presented in
Figure 1. This training began on the baseline to monitor the development
of excitation and to see whether between- or within-group differences in

amount of suppression to each CS would emerge as a function of US intensity.
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Simulus diagrams of the three types of condi-
tioning trials given to Groups Lo and Hi in
Experiment 1. A flashing light or tone was used
for the A stimulus and the X stimulus (coun~
terbalanced), and a buzzer was used for the

B stimulus.
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These intensities were chosen because a previous study involving US
intensity in the CER paradigm had shown differences in suppression with
similar values (Annau & Kamin, 1961). However, average US intensity
had not been equated across groups in that study, and it was not clear
that a within-group effect could be obtained. Once suppression to A
and B had developed in the present study, excitétory conditioning was
continued off-the-baseline. This was done in order to bring‘the‘associa—
tive value of each stimulus to asymptote without risking loss of the
baseline level of barpressing unnecessarily. These tendencies were
brought to asymptote before inhibitory training to assess certain predic-
tions of the model regarding the development of thé inhibitory tendency.
During the next phase of the experiment, reinforced A (A+) and
reinforced B (B+) trials were still given, but in addition, nonreinforced
presentations of the AX compound (AX-) were given. Presumably, these are
the conditions that are appropriate for establishing an inhibitory ten-
dency to X, a tendency that should be greater, the greater the associa-
tive value of A. ‘This training began on-the-baseline, and when strong
differential reSponding had appeared, conditioning was continued off-
the-baseline in order to bring the strength of X to asymptote. The theory
predicts that the group differences should be maximal at asymptote.
During the last phase, strength of inhibition to X was assessed
by determining the rate at which X acquired suppressive properties when
paired with shock on-the-baseline (a new-learning test). Specificaily,
X was paired with shock on a 50% reinforcement schedule. On half of
the reinforced trials, X was paired with the weak US and on the other

half, X was paired with the strong US. Finally, a series of 100%
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nonreinforced X trials was given in order to assess the rate of extinc-
tion of the response ponditioned to X in each group. It was expected
that suppression would be less rapidly acquired and would dissipate more
readily in the group for which A had been paired with the high-intensity
us.
Method

Subjects

Sixteen naive, female albino rats, approximately 85-95 days old
were used. These rats were Sprague-Dawley derived and were purchased
from Carworth Farms, Portage, Michigan. All were caged individually
and maintained in constant temperature conditions under a normal 12-hr
light/dark Cyc]e. Experimental sessions were conducted during the
light part of the cycle at the same time each day.

The rats were gradually reduced to 80% of their initial body
weight during thé 15 days prior to the first day of barpress training.
Throughout the experiment, each animal was weighed daily after its ses-
sion and given lab chow in the home cage to maintain the 80% level.
Water was available at all times in the home cage.
Apparatus

Four IOTEK (Iowa City, Iowa) operant-conditioning chambers (22.5 x
23 x 19 cm, inside) were used during all phases of the experiment. The
end panels of each chamber were made of 1.5-mm aluminum and the side
walls and ceiling were made of 6-mm clear Plexiglas. A Gerbrands feeder
(Model D or D-1) delivered food pellets (45 mg, P. J. Noyes) to a Plexi-
glas foodcup attached in the center at the bottom of one of the end-

panels. A Gerbrands rat lever was mounted to the Teft of the foodcup,
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2.5 cm aboye the floor of the chamber. White pilot Tights (6 W) were
mounted on the panel to the left and to the right above the foodcup.
These lights were 12 ém above the grid floor, and 11.5 cm apart, center
to center. The grid floor of the chamber consisted of 2.3-mm stainless-
steel rods mounted 1.27 cm apart. Each conditioning chamber was housed
in a separate IOTEK ventilated, sound-attenuating chamber (36 x 71 x

34 cm, inside). A 6-W houselight was attached to the end wall of each
chamber.

A Sonalert signalling device (4.5 kHz; Mallory SC628H) was mounted
in the center of fhe ceiling in each operant chamber. The sound-pres-
sure leyel of the tone was adjusted to 90 dB (re .0002 dyne/cm2) as
measured near the center of the chamber, 3 cm above the grid (H. H.
Scott Sound-Level Meter, Type 450-B, A scale). A standard ac buzzer
was attached to the ceiling of the sound-attenuating chamber, behind
the wall opposite the food cup. Its intensity was 76 dB. In the ab-
sence of the tone and buzzer, the ventilating fans provided a masking
noise of approximately 71 dB (+ 2 dB).

The US was the 350-V ac output of a step-up transformer wired in
series with either 270 k£dor 540 kg£i. These resistances provided
short-circuit current values of 1.3 and .65 mA, respectively. Shock
was deliyered to the grid floor of each chamber via BRS grid scramblers
(Model SC901).

A PDP8/F cohputer controiled all stimulus presentations and re-
corded all response measures.

Procedure

The experimental procedure is outlined in Table 1. On the first
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Table 1

Procedure for Experiment 1

Treatment

A1l rats reduced to 80% initial body weight;
weighed and fed daily

Barpress training

Shaping: minimum of 50 responses on CRF
schedule

VI-2-min barpress training (90-min sessions)
On-the-baseline preconditioning exposures to

A, B, X, and AX (once each per 100-min session)

Excitatory conditioning (Phase 1)

Group Hi: A + hi-US; B + 10-US
Group Lo: A + To-US; B + hi-US
(totals: 42 A+ and 42 B+ trials)

On-the-baseline conditioning
Off-the-baseline conditioning

VI response baseline recovery sessions
(no conditioning trials)

Differential conditioning (Phase 2)

Group Hi: A + hi-US; B + 10-~US; AX alone
Group Lo: A + 10-US; B + hi-US; AX alone
(final totals: 84 A+; 84 B+; 100 AX-)

On-the-baseline conditioning
0ff-the-baseline conditioning
VI response baseline recovery sessions
On-the-baseline conditioning

New-learning test phase (On-the-baseline)

Pretest: Four nonreinforced X trials

CER acquisition to X: Four trials per 100-
min session on 50% reinforcement schedule;
half of reinforced trials with hi-US and
half with To-US

CER extinction: Four nonreinforced X trials
per 100-min session
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day of the experiment, all rats were magazine trained automatically
with food pellets deliyered on a varfab]e-time 1-min schedule. In addi-
tion, the bar was smeared with wet food mash, and each barpress yielded
a food pellet. The session continued until each animal had made 50 or
more responses. Hand-shaping procedures were introduced if necessary.
The next eight sessions (Days 2 ~ 9) were each 90 min long, and a
variable-interval (VI) schedule of reinforcement was in effect. During
the first 20 min of Day 2, the schedule was VI 1-min. During the re-
mainder of that session, and during all subsequent sessions, the
schedule was VI 2-min. The variable intervals were generated according
to the constant probability formula proposed by Catania and Reynolds
(1968) and their order was randomized. |

Beginning on Day 10, all sessions were 100 min long. On each of
Days 10 and 11, each of the following stimuli was presented while the
rats were barpressing: flashing lights (houselight off/panel-lights on,
twice per second), tone, flashing-lights-plus-tone compound, and buzzer.
Each stimulus was presented for 2 min, and the order of presentation
was randomized. Stimulus onsets occurred 17, 40, 65 and 80 min after
the beginning of the session. Total responses were recorded during
each stimulus presentation and during the 2 min preceding each CS. 1In
order to compensate for individual differences in response rate, the
relative-rate measure proposed by Annau and Kamin (1961) was used to
index response strength. This suppression ratio was of the form
€S/ (CS + Pre~CS), where "CS" is the number of responses during the
stimulus and "Pre-CS" is the number of responses during the 2 min be-

fore the stimulus. A ratio near .5 indicates little change in response .
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rate during the CS, whereas a ratio of 0.0 indicates complete cessation
of responding during the CS.

At the conclysion of Day 11, four subgroups were formed (four rats
each). Two of these groups were equated on the basis of their mean
suppression ratio to the tone and the other two were equated on the
basis of suppression to the flashing 1ight. Tone or flashing light was
the to-be~conditioned inhibitory stimulus (designated X) for each set
of subgroups, respectiyely. One tone group and one Tight group were
‘randomly assigned to each of the experimental conditions.

The first phase of Pavlovian conditioning began on Day 12. During
this phase, each group received two types of conditioning trials. The
buzzer (B) was presented on one of these trials for all groups. The
flashing light or tone (whichever was not the X stimulus) was presented
on the other trié]s. This latter stimulus, designated A, waé the |
stimulus that was to be contrasted with X during subsequent differential
conditioning. The groups differed in terms of the intensity of the
US that was paired with A. In Group Hi, A overlapped and coterminated
with a .5-sec, 1.3-mA shock, whereas B was paired with a .65-mA shock.
These conditions were reversed in Group Lo.

An equal number of A+ and B+ trials was given on each conditioning
day. The first eight trials (Days 12 - 18) to each stimulus were given
while the animal was barpressing in order to monitor the development of
suppression to each stimulus. Two trials to each stimulus were given
on Day 12, and one trial to each stimulus was given on éach of Days 13 -
18. The trials were distributed in this way in order to minimize the

possibility of weakening the operant baseline. On Day 19, the foodcup
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was removed and an aluminum cover was placed over the bar. Over the

next six days (Days 19 - 24), conditioning was continued off-the-baseline.
Six trials to each stimulus were given during each session at a mean
intertrial interval of 6.9 min. Thus at the end of Day 24, each rat

had been exposed to a total of 42 A+ and 42 B+ conditioning trials.

The exact order of presentation of these trials is contained in the
Appendix. The order of presentation was counterbalanced.

Days 25 - 27 were baseline recovery days. The foodcups were re-
turned to the chambers and each animal was allowed to barpress for food
on the VI-2 schedule. No stimuli were presented.

Differentia] conditioning was conducted over the next 28 days
(Days 28 - 55). Each animal continued to receive A+ and B+ condition-
ing trials, but in addition, received nonreinforced AX compound trials.
For the first 20 days, conditioning occurred on-the-baseline, with one
A+, one B+, and two AX- trials each day. During the last eight days,
conditioning was continued off-the-baseline. The intertrial interval
was 6.9 min during off-~the-baseline conditioning, and 12 trials were
given during each session. By the end of this phase, a total of 82 A+,
82 B+, and 96 AX- trials had been given. The exact order of the trials
is presented in Appendix B. Note that each AX- trial was preceded by
an equal number of A+ and B+ trials. Also, the order of presentation
of A+ and B+ trials was counterbalanced.

After two days of baseline recovery (Days 56 - 57), two more days
of on-the-baseline differential conditioning were given (Days 58 - 59).
On Day 60, X was presented alone on four trials, and no other stimuli

were presented. The new-learning test was conducted oyer the next six
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days (Days 61 -~ 66). On each of these days, X was paired with shock on
a 50% reinforcement schedule--one trial terminated with the high-intensity
US, one with the low-intensity US, and two trials were not reinforced.
Extinction conditions were in}effect over the final six days (Days 67 -
72). Four nonreinforced X trials were given during each session.
Results

The alpha level was set at .05 in all of the analyses described
below. The data and major analysis of variance summary tables are con-
tained in Appendix B.

Body Weights

There were no differences in the initial weights of the rats as-
signed to each group (F [1, 14] = 1.5). A mean weight was calculated
for each rat over various phases of the experiment (see Appendix B) and
a groups x phases analysis of variance was applied to these data. There
was no groups effect or groups x phases interaction (Fs< 1.7), but there
was a reliable overall change in weight across the various phases (F
[7, 98] = 86.5). A followup comparison indiéated that the effect was
in part due to an overall 10-gm decrease in weight over the course of
the experiment. Each group's mean weight weight over all phases was
within .5% of 80% of its initial mean weight.

Response Baselines

Between-group differences in suppression ratios may be difficult to
interpret if there are also between-group differences in the average rate
of barpressing in the absence of the CS. To see whether baseline differ-
ences existed in the present experiﬁent, the mean numbers of responses
occurring during the 2-min pre-CS intervals were calculated for each rat

during every on-the-baseline conditioning session. Baseline measures
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were also obtained on the last VI-training day and on the baseline recovery
days by recording the responses occurring in the intervals that would nor-
mally have preceded a conditioning trial. These scores were averaged over
sessions across various phases of the experiment (see Appendix B), and be-
tween-groups (or Qroups x blocks) analyses were conducted. A reliable
group difference appeared only once, during the first series of VI recov-
ery days (Days 25 - 27)(F [1, 14] = 5.8). Group Lo responded less often
than Group Hi on these days. However, since no group differences appeared
during any phase in which stimuli were presented, it was concluded that
interpretation of the suppression ratio data would not be obscured by
differences in the baseline level of barpressing.

Two other effects emerged from these analyses, both due to increases
in response rate over blocks of conditioning sessions. The first occurred
during Phase-1 excitatory conditioning (Days 12 - 18)(F [3, 42] = 4.4),
and the second during the initial Phase-2 differential conditioning (Days
28 ~ 47)(F [4, 56] = 6.2).

Suppression Ratios

Preconditioning exposures. A mean suppression ratio was calculated

for each rat for each of the four types of stimulus pre-exposures. The
overall mean suppression ratios were .48, .58, .47, and .51 for the stimuli
that were to be used as A, B, X, and AX, respectively. The ratios for A
and B are shown as the "P" points in Figures 2, 3, and 4. Group assignment
(Hi or Lo) and stimulus designation (A, B, X, or AX) were used as "dummy"
}factors in an analysis of these data. There was no group difference, but
there was an overall effect due to stimulus-type (F [3, 42] = 5.3). Simple
followup comparisons indicated that the difference between the ratios to B
and to every other stimulus was reliable. There were no differences among

the ratios to A, X, and AX. These analyses suggested that there were no
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Mean suppression ratios for Group Lo subgroups
during Phase-1 and Phase-2 oh—the-baseline con-
ditioning. The "P" points represent the pre-
conditioning suppression ratios obtained on
Days 10 - 11. The "F" points represent the
last two days of differential conditioning

(Days 58 - 59).
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Figure 3.
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Mean suppression ratios for Group Hi subgroups
during Phase-1 and Phase~2 on-the-baseline con-
ditioning. The "P" points represent the pre-
conditioning suppression ratios obtained on
Days 10 - 11. The "F" points represent the
last two days of differential conditioning

(Days 58 - 59).
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Figure 4. Mean suppression ratios for Groups Lo and Hi
during Phase~1 and Phase-2 on-the-baseline con-
ditioning. These data are the same as those
presented in Figures 2 and 3, with the sub-
group factor eliminated. The "P" points
represent the preconditioning suppresSion ratios
obtained on Days 10 - 11. The "F" points repre-
sent the last two days of differential condition-

ing (Days 58 - 59).
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pre~treatment differences 1n the uncenditioned responses to the stimuli
of major importance in this experiment.

Because of the counterbalancing of A and X, the above analysis
did not completely reflect the unconditioned reactions to the specific
stimulus events used as CSs. In a second analysis, therefore, responses
to the flashing light, tone, flashing-1ight-plus-tone, and buzzer were
compared. The effect of stimulus type was reliable (F [3, 45] = 8.4),
and followup comparisons suggested that the rats suppressed more to the
light and 1ight-tone compound (mean ratios of .45 and .47, respectively)
than they did to the tone or buzzer (.53 and .58, respectively). In
general, the auditory stimuli slightly facilitated barpressing whereas
the visual stimulus had a mild suppressive effect. The unconditioned
response to the compound appeared to be dominated by the visual com-
ponent. |

Acquisition: Phase 1. Data gathered during the initial excitatory-

conditioning phase were analyzed in two-trial blocks according to stim-
ulus type (A vs B). The mean suppression ratios during each block in
Phase 1 are depicted for each of the four subgroups in Figures 2 (Group
Lo) and 3 (Group Hi). Figure 4 shows these same data collapsed over
subgroups. In general, the subgroups that received two auditory stim-
uli conditioned more readily than those receiving a visual and auditory
stimulus. That the development of suppression to the buzzer was slower
in the groups receiving buzzer and 1ight than it was in the groups re-
ceiving buzzer and tone suggests the influence of stimulus generalization
v effects. The light appeared to acquire suppressive properties less

rapidly regardless of the intensity of the US with which it was paired. .
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Overall, there seemed to be no within- or between-group effects of US
intensity. A groups x stimulus-type x blocks ana]ysfs yielded signifi-
cant main effects for stimulus-type (F [1, 14] = 6.2) and blocks (F

[3, 42] = 81.5). Examination of the subgroup graphs suggests that the
overall difference between suppression to A (mean = .21) and B (mean =
.18) was due to the fact that when A was the flashing light, suppres-
sion developed less rapidly.

Acquisition: Phase 2. The mean suppression ratios to A, B, and AX

during differential conditioning (Phase 2) are shown in the right-hand
sides of the panels in Figures 2, 3, and 4. Mean ratios were computed

in four-day blocks over the first 20 days of conditioning (Days 28 - 47).
The final Phase-2 data point (marked "F" on the graphs) represents the
mean suppression‘ratios for the two days following Phase-2 off-the-
baseline conditioning (Days 58 - 59). From the figures it can be seen
that in each subgroup, the compound (AX) came to elicit less suppression
than either A or B over the first 20 days. Moreover, in three of the
four subgroups, the mean suppression ratios to A, B, and AX were ordered
according to the intensity of the US paired with each stimulus (Group

HI1 being the exception). In terms of individual Mean suppression ratios
over these 20 days, all eight rats in Group Lo were less suppressed to A
(paired with the weak US) than they were to B (paired with the strong
US). Five of the eight rats in Group Hi were more suppressed to A
(paired with the strong US) than to B (paired with the weak US). Al1l
rats were 1essvsuppressed to the AX compound than they were to the stim-
ulus paired with the high-intensity US, and 14 out of 16 (seven of eight

in each group) were less suppressed to the compound than they were to the
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stimulus paired with the low-intensity US.

A groups x type-of~stimulus x blocks analysis over the first 20
days of Phase 2 indicated reliable effects due to stimulus type (F [2,
28] = 24.2), blocks (F [4, 56] = 14.7), the stimulus-type x blocks
interaction (F [8, 112] = 24.8) and the three-way interaction (F [8,
~112] = 2.5). Examination of the data suggested that the triple-order
interaction may have been due, in part, to the between-group difference
in the divergence of suppression to A and to the AX compound over
blocks. These data have been replotted in Figure 5. As can be seen,
suppression to A and AX was the same within each group at Block 1, but
overall, Group Hi was more suppressed thén Group Lo. Over blocks, both
groups showed a divergence in amount of suppression to these stimuli,
but the absolute difference in suppression between stimuli was greater
at Block 5 in Group Hi than it was in Group Lo. These observations
were supported by a reliable group difference between the interaction
contrasts based on responding to A and to AX in Blocks 1 and 5 (F [1,
112] = 4.7; see Table 2).

In an attempt to interpret further the higher-order interaction,
groups x blocks analyses were applied separately for each stimd]us type.
The two-way interaction was nonsignificant in every case (Fs [4, 56] =
1.5, 1.9, and 1.7, for A, B, and AX, respectively), suggesting that the
blocks effect for each stimulus did not differ as a function of groups.
The only reliable main effectsto emerge from these analyses were the
group differences in responding to A (F [1, 14] = 5.5) and the blocks
effect in responding to AX (F [4, 56] = 30.9). Responding to A was

ordered in accord with the intensity of the US paired with A in each
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Mean suppression ratios to A and to AX in

Groups Lo and Hi during Phase-2 differential

~ conditioning. Each trial-block mean is an

average over four days of conditioning. The
“F" points represent the last two days of

differential conditioning (Days 58 - 59).
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Table 2

Followup comparison between interaction contrasts
based on responding to A and to AX during Blocks

1 and 5 of differential conditioning

Computational formula for numerator of F-ratio:

n/8 [[(AXy - AX5) - (A} - A5)] - [(AXy ~ AX5) - (A} - Ks)]]z =
N _ ) N 5
—_— g
Group Lo Group Hi

[[(.140 - .412) ~ (.152 - .180)] - [(.039 ~ .411) - (.039 - .031)]]2
= .018496

F-test:

F (1, 112) = .018496 / MS error (stimuli x blocks)

.018496 / .003951

1

1

4.68 (p £ .05)
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group. That is, Group Hi was more suppressed (mean = .05) than Group
Lo (mean = .15). The group difference in responding to B was nonsignifi-
cant (F< 1; means of .072 and .070 for Groups Hi and Lo, respectively).

The stimulus-type x b]oéks interaction proved significant in |
separate two-way analyses for each group (Fs [8, 56] = 10.2 and 15.9,
for Groups Lo and Hi, respectively). In each instance, these effects
appeared primarily to be due to the divergence between the Tevel of re-
sponding to AX (gradually increasing over blocks) and the levels of re-
sponding to A and B (relatively constant over blocks). Each of these
analyses also indicated a reliable effect of stimulus type (Fs [2, 14] =
11.1 and 15.5, for Groups Lo and Hi, respectively). Because the contrast
derived from the overall analysis had already examined the divergence be-
tween Tevel of responding to A and to AX, only the difference between re-
sponding to A and B in each group was evaluated as a followup to these
main effects. Essentia]ly, these tests were directed towards determining
whether within-group differences appeared as a function of US intensity.
The difference between A and B was not reliable in either group (Fs [1,
14] = 3.3 and .4, for Groups Lo and Hi, respectively).

Although the subgroup condition was not formally considered as a
factor in the above analyses, 1t would appear that the Group-Hi subgroup
for which the flashing 1ight had been the A stimulus (Group HIp in Figure
3) showed a much larger difference in responding to A and to AX than did
the HI7 subgroup. On the other hand, the Group-Lo subgroup that re-
ceived the 1light as the A stimulus (Group LOp in Figure 2.) showed about
the same, if not less of a differential response than the LOj subgroup.

However, because of the small n in each subgroup, and because there was
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no reason to expect between-group differences in the direction of these
effects, the counterbalancing factor was ignored in the present analysis.
A separate groups x type-of-stimulus analysis was applied to the
mean suppression ratios recorded on the final two days of on-the-baseline
differential conditioning (the points marked "F" in Figures 4 and 5).
The main effect due to type-of-stimuius was the sole reliable outcome
of this analysis (F [2, 28] = 22.5), and it appeared simply to reflect
the greater suppression to A and B (means = .07 and .07, respectively)
than to AX (mean = .36). The failure to find a reliable interaction
suggested that the earlier between-group difference in the magnitude
of the difference in responding to A and AX had diséppeared. This
seemed primarily to be due to an increase in suppression to A in Group
Lo and an increase in suppression to AX in Group Hi. Visual inspection
of the subgroup data (Figures 2 and 3) indicated that this latter in-
crease was the result of a near complete loss of differential responding
in the Group~Hi subgroup receiving 1ight as the X stimulus (Group HIy).
To see whether the earlier between-group difference in responding to A
had been maintained, a separate comparison was made between each group's
responses to A on these two days. Group Lo showed a mean ratio of .11,
whereas Group Hi showed a mean ratio of .03. This difference was of
marginal significance (F [1, 14] = 4.42, p £ .054).

New-learning test phase: Pre-exposures to X alone. A mean suppres-

sion ratio was computed for each rat based on responding to the nonrein-
forced presentations of X prior to the new-learning test. The data are

represented by the "P" points in Figure 6. To see whether the groups
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Mean suppression ratios to X in two-day blocks
for Groups Lo and Hi during new-learning-phase
acquisition and extinction. The "P" points

represent the mean preconditioning suppression

ratios obtained on Day 60.
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differed at this point, and to see whether their reactions to X alone
were any different from their pre-conditioning reactions to X (as mea-
sured on Days 10 and 11 of the experiment), a groups x days analysis
was applied to these data and to the mean pre-conditioning ratios to X.
The mean pre-to-post conditioning ratios were .50 to .56 for Group Lo,
and .51 to .54 for Group Hi. There was a slight but nonreliable in-
crease from the pre- to post-conditioning session for both groups, and
no differences between groups. These data were re-examined in terms
of the actual stimulus event used as X (1ight or tone). The mean re-
sponse ratio to the light was .49, and to the tone, .57. Once again,
the mean post-conditioning ratios were slightly higher than the pre-
conditioning ratios (.45 and .53 for light and tone, respectively).
Moreover, the visual stimulus was slightly suppressive and the auditory
stimulus was facilitative.

New-learning test phase: Acquisition and extinction. A mean sup-

pression ratio was calculated for each rat in blocks of two days (eight
trials) during both acquisition and extinction in the new-learning
phase. These data are shown in Figure 6. Separate groups x days
analyses were app]ied to each of these sets of data. In each case, the
only reliable outcome of the analysis was the days effect (Acquisition:
F [2, 28] = 73.6; Extinction: F [2, 28] = 20.4).

A "trials-to-criterion" measure was also derived from the acquisi-
tion suppression-ratio data. The scores were divided into two-trial
blocks and the number of trials until each rat's mean suppression ratio
was .2 or less was calculated. The median numbers of trials to criterion

were 10.5 and 14.5 for Groups Hi and Lo, respectively. A Mann-Whitney



78

comparison indicated that this difference was not significant (U = 19.5).

Response Latencies

To obtain independent evidence for the effect of US intensity, the
median latency to the first response after each type of conditioning
trial (hi-US vs 10~US) was recorded during the initial portion of Phase-
1 excitatory conditioning (Days 12 - 18). Overall, the rats waited an
average of 10.4 sec after the weak US and 14.9 sec after the strong US.
On the preconditioning exposure days (Days 10 - 11), the average
median latency in the absence of shock had been 6.8 sec. A groups x
US intensity analysis of the Phase-1 latencies indicated that the rats
responded reliably slower after the strong US (F [1, 14] = 8.5).

The post-CS latencies were also recorded during the new-learning
test phase. The median Tatency to the first response following non-
reinforced, weak-US, and strong-US trials was calculated for each rat
in two-day blocks during both the acquisition and extinction of suppres-
sion to X. A groups x trial-type x blocks analysis of the acquisition
scores failed to show any reliable effects, although the interaction of
trial-type x blocks approached significance (F [4, 56] = 2.45, p <.1).
No reliable effects appeared in the analysis of extinction scores.

A median latency to the first response during the CS was also
“calculated in two-~day blocks during the new-learning test phase. Sepa-
rate groups x blocks analyses were performed on the acquisition and
extinction scores. No group differences emerged, and the sole reliable
outcome of these analyses was due to the change in response latency
over blocks during acquisition (F [2, 28] = 5.8)(Means: Block 1 = 5.2;
Block 2 = 20.2; Block 3 = 36.6 sec).
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Discussion

The new-learning test phase of the preceding experiment failed to
provide any support for the prediction that X would become more inhibi-
tory the greater the excitatory value of the stimulus with which it
had been compounded and nonreinforced. If anything, there was a ten-
dency for the group that should have had the stronger inhibitory ten-
dency (Group Hi) to become more suppressed during the test-phase CER
acquisition and extinction. There are several ways to interpret this
lTack of a difference.

First, the theory may be wrong. Strength of conditioned inhibition
might simply be a function of nonreinforcement, independent of the ex-
citatory value of the stimulus compounded with the to-~be-conditioned in-
hibitor. A theory that described the inhibitory process in terms of the
relation between the to-be-conditioned inhibitor and the US, regardless
of US intensity or the excitatory strength of any other stimuli in the
conditioning situation, might more adequately account for the present
results. The US-intensity effect reported by Rescorla and Wagner (1972)
would then have to be attributed to the nonassociative factors discussed
earlier. Rescorla's (1967b) contingency account of conditioning might
provide an appropriate model because, as it was stated, only the relative
probability of US occurrence was importdnt, not US intensity. However,
it might be that in using different US intensities, one might want to
redefine the size of the time intervals used to bound "CS" and "non-CS"
periods within the contingency framework.

Advocates of the hypothesized relation between strength of condi-

tioned inhibition and strength of conditioned excitation might judge
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abandopment of the Rescorla-Wagner model premature. There is always a
danger in accepting the nuli hypothe$1s as evidence against a theory

that predicts a difference in behavior. For example, it might be ar-
gued that the US~intensity values used in the preceding study were

“not different enough." There have been no parametric studies of US
intensity as a within-subject variable in the CER situation, so this
argument cannot be countered by appealing to data other than that
derived from the present experiment. One can only point to the reliable
between-group difference in suppression to A during differential con-
ditioning as support for the yiew that A had acquired a different associa-
tive value in each group. However, the failure to find within-group
US~intensity effects, or a between-group difference in responding to B is
not readily explained, and could be viewed as supporting the argument
that the US-intensity values were not discrepant enough.

The only data in the preceding experiment that might be consistent
with the Rescorla-Wagner model's treatment of conditioned inhibition were
gathered during the first 20 days of differential conditioning. Assuming
that the‘suppression ratios to A and AX reflected the associative values
of A and AX, respectively, then the following aspects of the data were
in agreement with predictions offered by the model: (1) Suppression to
AX was initially greater in Group Hi than in Group Lo (cf. Figure 5)
(Because X presumably had no associative value at that point, i.e.,

Vy = 0, the associative value of AX was determined entirely by the
associative value of A in each group.). (2) Both groups reached the
same final leyel of responding to AX, but the rate of loss of suppression

to AX was greater in Group Hi (The asymptote,?\, associated with
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nonreinforcement was the same in each group, but the discrepancy between

A and Vax was initially greater in Group Hi.). (3) The absolute
differenée in amount of suppression to AX and to A was greater in Group

Hi (The associative value of A was higher.). It is clear, however, that
these outcomes do not necessarily depend upon the differential develop-
ment of inhibition to X in each group. All the outcomes described above
might simply be explained in terms of the extinction of a generalized
excitatory response to the compound stimulus. It was because of ambiguity
Tike this that a new-learning test (or combined-cue test) was required

to assess strength of inhibition.

Unfortunately, even if the data from the first 20 days of differen-
tial conditioning were to be viewed as supporting a conditioned-inhibi-
tion interpretation, there is no easy way to explain the changes in dif-
ferential responding to A and to AX after off-the-baseline conditioning
in Phase 2 ("F" points in Figure 5). For whatever reason, the between-
group difference in the magnitude of the difference in responding to A
and to AX had disappeared. If the magnitude of that latter difference
were related to the inhibitory strength of X (as the Rescorla-Wagner
model suggests), then the fact that both groups showed the same final
A - AX difference might be consistent with the failure to find differen-
tial acquisition of suppression to X during the new-learning test. What
remains to be explained, however, is what happened to the group differ-
ence in the magnitude of the differential response.

There may be one other problem in interpreting the results of Experi-
ment 1. It could be argued that the conditioning parameters (number of

trials, temporal spacing, etc.) were somehow inappropriate for the
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development of conditioned inhibition. As the experiment was designed,
the ability to assert that different inhibitory tendencies had been
established hinged upon the attainment of a group difference in the new-
learning test. In the absence of such a difference, there was no con-
trol to assess whether X had become at all inhibitory in either group.
The failure to find that difference might mean that in both groups, X
was equally inhibitory, neutral, or even excitatory. The only compari-
son that might shed 1ight on this would be between the new-learning test
and Phase~1 excitatory conditioning. It is quite apparent that the
acquisition of suppression to X was much slower than the original acqui-
sition of suppression to A and B. However, this difference could be
readily explained by appealing to the partial-reinforcement schedule
during testing or to differences in prior experiences with the CSs and
USs during each stage of conditioning. It would appear that the only
argument in support of the view that X should have been inhibitory in
Groups Lo and Hi must rely upon the similarity among the present condi-
tioning procedures and the "successful" procedures described in the

literature review (see Appendix A).
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EXPERIMENT 2

Because of the problems posed by the outcome of Experiment 1, a
second experiment was conducted in an attempt to resolve them. First in
seekingto optimize the conditions for obtaining a US-intensity effect,
the difference between the Tow and high intensity US was increased
(.4 vs 1.6 mA). Presumably, this should have increased the differences
between the associative strengths of A in each group.

Another major concern was the change in the amount of differential
responding that had occurred-after off-the-baseline conditioning in
Phase 2 of Experiment 1. Shifting from an on-the-baseline procedure
to an off-the-baseline procedure and then back on again apparently dis-
rupted the pattern of responding that had been established during the
initial stage of differential conditioning. It is not clear, however,
why Group Hi seemed to be more affected by these changes than Group Lo
(except, perhaps, simply because there was a greater initial difference
in responding to A and to AX in Group Hi). Nonetheless, it might be
argued that the procedure of shifting back and forth was undesirable
because of potential stimulus-generalization-decrement effects. There
were a number of potentially effective stimulus changes that occurred
as a result of each shift. In going off-the-baseline, the foodcup and
bar were removed, the internal cues associated with barpressing and
eating were eliminated, and the average intertrial interval was reduced.
Any one of these changes might have affected transfer of associative
tendencies during the successive stages of differential conditioning.

In Experiment 2, all conditioning was conducted under the same con-

dition--namely, off-the-baseline. Although this procedure did not
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eliminate the possibility of generalization decrement upon transfer to
the new-learning test (which had to be given on-the-baseline), it should
have eliminated whatever detrimental effects might have been due to
multiple changes in the "stimulus context" during successive stages of
conditioning in the first experiment. Moreover, as has been mentioned
earlier, the off-the-baseline procedure may have an advantage in that
it minimizes interaction between Pavlovian fear conditioning and the
variables associated with the maintenance of the operant response.
Another problem discussed above was whether X had acquired any
fnhibitory power in either group in Experiment 1. If the parameters
used in Experiment 2 were also to fail to produce a US-intensity effect,
knowing whether X was inhibitory might aid in interpreting such an out-
come. Thus, a control group that should not have developed an inhibitory
response to X was run. There appeared to be at least two ways to elimi-
nate the development of inhibition to X, yet at the same time, to equate
the control group for the number and kind of CSs and USs received by the
experimental groups: (a) "unpairing”" A and X on trials that would have
been AX trials (i.e., randomly programming nonreinforced A and X pre-
sentations), or (b) "unpairing" A and the US on trials that would have
been A+ trials. In both instances, X would be expected to acquire
relatively little inhibitory value with respect to the experimental
groups. However, the first method fails to equate all groups for prior
exposure to X in compound with A. Mackintosh (1973) has shown that
"latent-inhibition" effects are greater when X has been presented
in compound with another stimulus. Thus, the second procedure was

used in Experiment 2. It is described in greater detail in the
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procedure section below.

Finally, a change was made in the counterbalancing of the stimuli.
This was done to minimize the plausibility of an alternative explana-
tion of a positive result in terms of generalization of excitation.
Specifically, suppose that the predicted difference had been obtained
on the new-learning test in Experiment 1. Although this result would
have favored a conditioned-inhibition interpretation, it might have been
explained as primarily due to generalized excitation. This is easiest
to see in the subgroups that had received tone as the conditioned
inhibitor. Because the tone ang buzzer were in the same modality, the
tone might have been expected to elicit a generalized excitatory re-
sponse, a response that would have been greater in Group Lo than in
Group Hi. The difference between groups on the new-]earningvtest might
then have been attributed to a facilitation of learning in Group Lo
(because X elicited a stronger generalized excitatory response) rather
than to retardation in Group Hi (because X elicited a stronger inhibi-
tory response). Although this argument might not seem as reasonable
in the case of the subgroups receiving 1light as the conditioned inhibi-
tor, in principle, it can be made whenever the alleged inhibitor might
be said to elicit a generalized response originally conditioned to the
B stimulus. In Experiment 2, this problem was circumvented by holding
the nature of the X stimulus constant across groups (flashing 1light),
while counterbalancing the nature of the stimuli used as A and B (tone
vs buzzer). Because the B stimulus was no longer the same across groups,
it would be difficult to argue that test-phase results were due to a

specific relation between the alleged inhibitor and a particular type
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of B stimulus. Even though this procedure might limit the generality
of a positive outcome to the effects of a visual conditioned inhibitor,
the ability to eliminate alternative interpretations seemed worth the
risk.
Method

Subjects

The subjects were 24 naive, female albino rats, 105 - 110 days
old at the beginning of the experiment. They were obtained from the
same supplier and maintained as in Experiment 1. All were reduced to
80% of their initial body weight before barpress training and were
weighed and fed daily after each session.
Apparatus

The operant-conditioning chambers and stimuli described in Experi-
ment 1 were also used in this experiment. The only changes were in the
resistors wired in series with the 350-V ac shock sources. The Tow-
intensity US was changed to .4 mA (890 k1) and the high-intensity US
was changed to 1.6 mA (220 k£vx).
Procedure

The experimental procedure is outlined in Table 3. A1l rats were
jnitially trained to barpress for food reward on a VI-2-min schedule
as in Experiment 1. After the initial shaping day, each rat received
seven more days of VI training (100-min sessions). On Day 9, each rat
was exposed once to each of the following stimuli: tone, flashing
light, and buzzer. Each stimulus was presented for 2 min. Stimulus
onsets occurred 22, 50 and 75 min after the beginning of this 100-min

pretest session. Order of presentation was randomized.



Days

Pre-experiment

2 -8
9

10 - 24

25 -~ 27

28 - 29

30 - 35

36 - 41
42
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Table 3

Procedure for Experiment 2

Treatment

A1l rats reduced to 80% initial body weight;
weighed and fed daily

Barpress training

Shaping: minimum of 50 responses on CRF
schedule

VI-2-min barpress training (100-min sessions)
On-the-baseline preconditioning exposures to
A, B, and X (once each in 100-min session)

Conditioning (Off-the-baseline)

Group Hi: A + hi-US; B + 10-US; AX alone

Group Lo: A + 10-US; B + hi-US; AX alone

Group Random: unpaired A and 1o or hi US;
B + hi or To US; AX alone

(totals: 40 A+; 40 B+; 70 AX-)

0ff-the-baseline conditioning
VI response baseline recovery sessions
(no conditioning trials)

Post-conditioning test (On-the-baseline)

Nonreinforced test presentations of A, B,
and AX (once each per 100-min session)

New-learning test phase (On-the-baseline)

CER acquisition to X: Four trials per 100~
min session on 50% reinforcement schedule.
Half of reinforced trials with hi-US and
half with lo-US

CER extinction: Four nonreinforced X
trials per 100-min session

Final test (ggfthe-baéeline)

Nonreinforced test presentations of A, B,

X, and AX (twice each during 100-min session)
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On the following day, the foodcup was removed and the bar was
covered. Off-the-baseline conditioning was conducted for the next 15
days (Days 10 -~ 24). Ten conditioning trials were given each day at
an avefage jntertrial interval of 8 min (range = 4 - 12 min). In gen-
eral, the conditioning procedure resembled that described in Experi-
ment 1. The two experimental groups, Groups Lo and Hi, received A+,

B+, and AX- conditioning trials. The groups differed in the intensity
of the US paired with A. For Group Lo, A was paired with the .4-mA

US, and B was paired with the 1.6-mA US. The conditions were reversed
in Group Hi. In contrast to the previous experiment, X was always the
flashing light, whereas the stimuli that served as A and B were counter-
balanced (tone or buzzer). Over the 15 conditioning days, a total of
40 A+, 40 B+, and 70 AX- trials were given. As before, each AX- trial
was preceded by equal numbers of A+ and B+ trials. The exact order of
presentation is listed in Appendix C.

The control group, Group Random, was exposed to conditions designed
to equate the control group for the number and kind of stimulus presen-
tations received by the experimental groups, but in such a way as to pre-
clude the development of inhibition to X. This was done by attempting
to endow A, the stimulus that was to be compounded with X, with minimal
associative value by presenting it at random with respect to the shock
with which it would have been paired in the experimental condition.
Specifically, each of four subgroups of two rats received the stimulus
conditions appropriate to one of the four experimental subgroups. How-
ever, during the unit of time normally reserved for each A+ trial (i.e.,

the 8-min interval), these control rats received random presentations of
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A and shock. The only restriction was that the shock scheduled to oc-
cur on these "unpaired" trials could not begin sooner than 1 min after
the preceding trial nor within 1 min of the next trial. AIl rats con-
tinued to receive B+ and AX~- trials appropriate to the subgroup assign-
ment. Although the AX compound was explicitly unpaired with shock
during this procedure, and hence, might have been expected to become
inhibitory (Rescorla, 1969b), this unpaired relation was also common -
to both of the experimental groups. What this procedure was intended
to control for‘was the excitatory associative value of A. All groups
remained equated for number and kind of stimulus exposures, level of
shock-induced emotionality, the explicitly-unpaired relation of the
AX compound to shock, and whatever generalization might have occurred
as a result of excitatory conditioning to B.

After conditioning was complete, the foodcup and bar were rein-
serted into the chamber and each animal was allowed to barpress for
food on the VI-2 schedule during each of three 100-min sessions (Days
25-27). No stimuli were presented during these sessions.

To determine the strengths of the responses to A, B, and AX prior
to the new-learning test, one nonreinforced presentation of each of
these stimuli was given on each of Days 28 and 29 during 100-min
sessions while the rats were barpressing. Order of presentation was
randomized. The new-learning test began on the next day (Day 30).

The first two trials were nonreinforced presentations of X (17 and
40 min after the start of the session). On the last two trials, X
was reinforced, once with the Tow-intensity US and once with the

high-intensity US. The order of the last two trials was counter-
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balanced within each subgroup (onsets at 65 and 80 min into the
session). Conditioning continued over the next five days (Days 31-35)
on a 50% reinforcement schedule with these same types of trials being
given each day. The order of trial type was randomized each day, but
the order of hi-US and 10-US trials on each day was counterbalanced
within each subgroup. This was followed by six days of extinction
to X (DPays 36~41). Four nonreinforced trials were given during each
session. The experiment concluded with a final test session (Day 42)
during which X, AX, A and B were each presented twice without shock.
The first trial began 15 min after the beginning of the session and
subsequent trials occurred every 10 min. The order of presentation
was counterbalanced within each subgroup.
Results

The alpha level was set at .05 in all of the analyses described
below. The data and major analysis-of-variance summary tables are
contained in Appendix C.

Body Weights

There were no differences in the initial weights of the rats
assigned to each group (F [2, 21] = 1.2). Mean weights over all
phases of the experiment were calculated for each rat (see Appendix C)
and a groups x phases analysis of variance was applied to these data.
There was no groups effect nor interaction (both Fs < 1.2), but there
was a reliable phases effect (F [5, 105] = 3.5). The endpoints
comparison was not reliable, and the effect appeared to be due to
small fluctuations in weight across the various phases. However,

there was no difference between group means greater than 6 gm across
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any phase of the experiment. Each group's mean weight over all phases
was within .52% of 80% of its initial mean weight.

Response Baselines

The mean number of responses occurring during the 2-min pre-CS
intervals were analyzed in a manner similar to that described in
Experiment 1 (see Appendix C). In no instance was there a between-
groups difference in the baseline Tevel of barpress responding.

Suppression Ratios

Preconditioning exposures. The overall mean suppression ratios

obtained during the preconditioning session (Day 9) were .42, .52, and
.39, for the stimuli that were to be used as A, B, and X, respectively.
Group assignment (Hi, Lo, Random) and stimulus-designation (A, B, X)
were used as "dummy" factors in an analysis of these scores. There were
no group differences, however, as in Experiment 1, there was an overall
effect due to stimulus-type (F [2, 42] = 10.3). Followup comparisons
showed that the difference between the ratios to B and X were reliably
different, but the ratios to A did not differ from those to X or B. It
was concluded that interpretation of subsequent analyses would not be ob-
scured by group differences in the pretreatment reactions to these stimuli.
As in Experiment 1, these data were reanalyzed in terms of the
actual stimulus events that were presented. The mean suppression ratios
to the flashing light, tone, and buzzer were .39, .46, and .48, respec-
tively. The effect of stimulus-type was reliable (F [2, 42] = 4.5),
and the means were ordered in the same way that they had been in the

first experiment.
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Post~conditioning test (Days 28-29). The mean suppression ratios

to the nonreinforced presentations of A, B, and AX on the post-
conditioning test days are depicted in Figure 7. A groups x stimulus-
type x days analysis of variance indicated that each of the factors
had a significant effect (Groups: F [2, 21] = 35; Stimulus-type:
F [2, 42] = 56.8; Days: F [1, 21] = 4.6) as did the interaction of
groups x stimulus-type (F [4, 42] = 31.1). Followup analyses showed
a reliable effect of stimulus-type within each group and reliable
group differences in the response to each stimulus. Simple compari-
sons supported the following conclusions: (a) each group's response
to the A stimulus differed from its response to the B stimulus (all
Fs > 10), but not from its response to the AX compound; (b) Group
Hi's responses to each of A, B, and AX differed from those of Groups
Lo and Random (all Fs ¥ 23), however, the Tatter groups did not differ
in their responses to any of the stimuli. The reliability of the
within-group effects of US intensity was supported by the observation
that all but one rat (in Group Hi) showed greater suppression to the
stimulus that had been paired with the more intense US during con-
ditioning. Although the difference in responding to A and to AX was
not statistically significant, all eight rats in Group Hi, and five
out of eight rats in each of Groups Lo and Random were less suppressed
in the presence of AX than in the presence of A.

A visual comparison of the responses in the experimental groups
suggested that the suppression which each group showed to its A
stimulus was less than that shown by the other group to the stimulus

that had been paired with the same intensity US (i.e., the other



Figure 7. Mean suppression ratios to A, B and AX for
Groups Hi, Lo and Random during the Post-

Conditioning test sessions (Days 28 - 29).
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group's B stimulus). Thus, subsequent to the analyses described above,
a direct comparison was made between the response to A in each group
and the response to B in the other group. The groups differed only
in their responses to the stimuli paired with the Tow-intensity US
(Group Hi's B vs Group Lo's A) (F [1, 14] = 12.1).

The days effect was attributable to a slight overall loss in
suppression across the two test days (from .25 on Day 28 to .30 on
Day 29), suggesting that extinction had begun to occur.

New~learning phase: Acquisition and extinction. Figure 8 shows

the mean suppression ratios recorded for each group during consecutive
two-day blocks of acquisition and extinction. As can be seen,

Groups Hi and Lo were ordered as they had been in Experiment 1 (cf.
Figure g), with Group Hi showing greater suppression throughout.

Group Random appeéred generally to be less suppressed than Group Hi,
and not substantially different from Group Lo.

To see whether the groups differed in their reactions to X prior
to the introduction of shock during this phase, a one~way analysis of
variance was applied to the means of the suppression ratios obtained
on the first three trials of Day 30 (the first day of new-learning
acquisition). The groups did not differ (F <& 1). The means were .45,
.47, and .48 for Groups Hi, Lo and Random, respectively.

Since primary interest was in the comparison between Groups Hi
and Lo during this phase, their scores were initially subjected to
separate groups x blocks analyses during both acquisition and
extinction. In each analysis, the overall change in suppression over

blocks proved reliable (Acquisition: F [2, 28] = 49.8; Extinction:



Figure 8.
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Mean suppression ratios to X in two-day
blocks for Groups Hi, Lo and Random during
new-1earning-phase acquisition and extinc-

tion.
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F [2, 28] = 45.8). In addition, the overall difference between
Groups Hi and Lo during acquisition was significant (F [1, 14] = 5.6).
Comparisons between each experimental group and the random control
revealed only one difference. During extinction, the groups x blocks
interaction involving Groups Hi and Random was reliable (F [2, 28] =
5.6). This effect appeared simply to be due to the convergence of
these groups oVer blocks of extinction trials.

The "trials-to-criterion" measure reported in Experiment 1 was
also analyzed in this experiment. The median numbers of trials to
reach a two-trial mean suppression ratio less than .2 were 10, 13.5,
and 15.5 for Groups Hi, Random and Lo, respectively. A two-tailed
Mann-Whitney comparison indicated that the difference between Groups
Hi and Lo was reliable (U = 12). The difference between Groups Hi
and Random approached significance (U = 15, p = .08), but Groups Lo
and Random did not differ (U = 25.5}.

Final test day. The group mean suppression ratios to the non-

reinforced presentations of A, B, X and AX on Day 42 are depicted in
Figure 9. With the exception of the responses to X, unless the new-
learning-phase treatment affected these responses, these data should
have been similar to those gathered on Days 28-29 (cf. Figure 7).

A visual comparison suggests that the mean ratios on Day 42 were
ordered the same way that they had been during the earlier test, but
that the differences between Groups Lo and Random were larger. An
overall analysis of these data yielded significant effects of groups
(F [2, 21] = 6.0), stimulus-type (F [3, 63] = 36.8) and their inter-
action (F [6, 63] = 10.1). Followup tests indicated reliable



Figure 9.

Mean suppression ratios to A, B, AX, and X
for Groups Hi, Lo, and Random during the

final test session (Day 42).
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stimulus-type effects in each group (all Fs > 8.8). The groups
effect was reliable for A and AX (Fs > 11.8) but not for B or X
(Fs £ 1.9). Subsequent comparisons supported the following con-
clusions: (1) each group differed from every other group in its
response to A and to AX (all Fs 7 5.4), (2) Groups Hi and Lo were
reliably more suppressed to the AX compound than to X (Fs 7 12.5),
(3) Groups Lo and Random were reliably more suppressed to B than to
A (Fs 7 53.8), and (4) no group showed a difference between its
response to A and its response to AX (all Fs £ 1.5). In general
terms, there were within-groups effects of US intensity in Groups
Lo and Random, but not in Group Hi, and there was a between-groups
effect of US intensity for the A stimulus, but not for the B stim-
ulus. In additidn, at least in Groups Hi and Lo, the response to
the compound appeared to be governed primarily by the A component.

As was done earlier, a direct comparison was made between each
group's response to the A stimulus and the response made by the
other group to the stimulus that had been paired with the same
intensity US (i.e., B). This time, the groups differed in their
response to the stimuli paired with the high-intensity US (Group
Hi's A vs Group Lo's B) (F [1, 14] = 5.2). The difference between
the responses to the stimuli paired with the Tow-intensity US
approached significance (F [1, 14] = 3.6, p £ .1).

Response Latencies

Latency to first CS response. Median latencies to the first

response during the CS were calculated for each rat in two-day blocks

throughout the new~learning test phase. As can be seen in Figure 10,
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Figure 10. Mean latency to the first response after
the onset of X in two-day blocks for Groups
Hi, Lo and Random during new-learning-phase

acquisition and extinction.
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the latency data were ordered in the same way as the suppression-ratio
data (cf, Figure 8), with Group Hi showing the longest latencies.
Separate groups x blocks analyses during acquisition and extinction
failed to produce a reliable effect of groups or a groups x blocks
interaction. Nonetheless, the change in response latency over blocks
within each phase was significant (Fs [2, 42] = 34.4 and 9.2 for
acquisition and extinction, respectively).

Latency to first post-CS response. As in the previous experiment,

median latencies to the first response following nonreinforced, weak-
US, and strong-US trials were computed in two-day blocks during the
new-learning acquisition phase. These scores have been collapsed
across groups and are depicted in Figure 11 as a function of trial-
type over the three blocks of training. As the figure suggests,

on the average, the rats initially responded quickly (within 5 sec)
after a nonreinforced conditioning trial, but much more slowly
following shock trials (Block 1). As training continued, however,
this pattern reversed and by the final block, the rats were showing
the longest latencies following nonreinforced trials. These obser-
vations were supported by a reliable trial-type x blocks inter-
action (F [4, 84] = 13.8) that emerged as a result of a groups X
trial-type x blocks analysis of variance. The change in suppression
over blocks was significant in separate analyses for each stimulus
(all Fs » 4.9). The differences between the latencies following
no~shock trials and the combined shock trials were significant in
each block (a1l Fs ¥ 6.3). The difference between the latencies
following weak and strong shock was marginally reliable in Block 1

(F [1, 42] = 4.02).
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Figure 11. Mean latency to the first response after the
offset of X in two-day blocks as a function
of the intensity of the US paired with X

(0, .4, and 1.6 mA) (collapsed over Groups).
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Analysis of latencies to the first post-CS response across
two~trial blocks in extinction revealed a significant blocks effect
(F [2, 42] = 5.0), but no group differences. The mean latencies

were 5.9, 4.3, and 4.0 sec for Blocks 1, 2, and 3, respectively.
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Discussion

The suppression data from the new-learning test phase clearly con-
tradict the prediction that Group Hi should have been slowér to acquire
suppression to X than Group Lo. Moreover, not only was Group Hi con-
sistently more suppressed than Group Lo, but it tended also to show
greater suppression than the random control group. These findings sug-
gest that, at 1east under the conditions of Experiment 2, the proposed
relation between the strength of conditioned inhibition and strength of
conditioned excitation does not hold. These data seem more compatible
with the supposition that procedures designed to increase the associa-

tive value of A make X less inhibitory (or, depending upon one's inter-

pretation of the random control, more excitatory) when conditioning in-
yolves the A+, AX- ("conditioned inhibition") paradigm. Current theories
of conditioned inhibition do not appear to predict this outcome. This
point will be discussed in greater detail later.

To evaluate fully the significance of this outcome, however, con-
sideration must first be given to the data gathered during the post-
conditioning and final test sessions (cf. Figures 7 and 9). Presumably,
these data reflect the associative strengths of the various stimuli that
were involved in the "conditioning" of X prior to the new-]eérning phase.
The existence of certain between- and within-group differences may be
critical to the assertion that the present experiment constituted a
valid test of the hypothesis under consideration. First, the between-
group differences in suppression to A suggest that the US~intensity
manipulation was successful in endowing A with different associative

values in each group. Group Hi differed from both Group Lo and Group
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Random, and during the final test, Group Lo showed less suppression to
A than Group Random did. This latter finding is consistent with the
suggestion that forward pairings of A with weak shock were more effec-
tive in suppressing barpressing than were random presentations of A and
shock. The between-group differences in suppression to B (post-condi-
tioning test) and the various within-group US~intensity effects further
support the contention that the shock values used in Experiment 2 were
effective in producing different degrees of associative value.

One other finding related to the US-intensity variable is the dif-
ference between each experimental group's response to the A stimulus
and the other experimental group's response to the stimulus that had
been paired with the same intensity US (i.e., the other group's B
stimulus). There was a tendency for each group to show less suppression
to its A stimulus than the other group did to its B stimulus. This
suggests that generalization of extinction (inhibition) from nonrein-
forced presentations of AX may have reduced the amount of suppression
elicited by A in each group.

The failure to find within-group differences in suppression to A
and AX in the experimental groups may pose a problem for a conditioned-
inhibition analysis. Despite 70 AX- conditioning trials, there was no
indication of a differential response to A and the AX compound. Al-
though the existence of a differential response would have clearly
been consistent with an inhibition analysis, the failure to see such
a difference does not necessarily mean that inhibition had not
developed to X. It might be argued that the associative value of A

was very high in Group Hi and very low in Group Lo, and hence, that
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"floor" and “ceiling" effects prohibited the observance of A - AX
differences. However, without modification of existing theories of
conditioned inhibition, this would not explain the results obtained
on the new-learning test.

One other possible reason for the failure to see A ~ AX dif~-
ferences is that the shift from off- to on-the-baseline conditioning
(for the new-learning test) produced stimulus generalization decrement,
resulting in a reduction in the inhibitory strength of X. That the
excitatory tendencies appeared not to have suffered this loss would be
consistent with the beliefs expressed by Paviov (1927) and Hull (1943)
that inhibitory tendencies are less stable in this regard than
excitatory tendencies. However, the generalization-decrement explan-
ation seems unlikely, especially given the several studies that show
successful transfer of inhibition after a similar shift in conditions
(e.g., Rescorla, 1969b). Even if generalization decrement were
responsible for the lack of an A - AX difference, there is still no
reason for a revérsa] in the predicted outcome. At best, the general-
.1zation~decrement notion would predict no differences between groups
~during new~learning.

Before considering possible interpretations of the test-phase
suppression-~ratio data, the latency data obtained in this experiment
should be mentioned. In general, the suppression-ratio measure seems
to be preferred in the analysis of CER experiments, although occasion-
ally, response latency measures are thought better to reflect the
effects of certain independent variables (e.g., Crowell & Anderson,

1972). 1In both of the present experiments, however, the latency to
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the first CS response failed to differentiate among groups, although
it did increase with increases in suppression during CER acquisition.
These data were quite variable and it may be that latency measures
based on different criteria could have proved more stable (e.g.,
latency to first 5 or 10 responses after CS onset).

Although they did not indicate between~-group differences, the
post-CS response latency data were quite interesting. It will be
recalled that during the new-learning phase, the tendencies to resume
responding after CS offset reversed over trial blocks in a manner that
differed depending upon the presence or absence of the US. Initially,
rats resumed responding faster after nonreinforced trials than after
reinforced trials. By the end of training, however, the latencies
following nonreinforced trials had become very long and those following
shock trials had become much shorter. This finding suggests that the
unconditioned suppressive effects of shock decreased over trials
and/or that some sort of differential conditioning was occurring in
the post-CS interval. Apparently, the presence or absence of shock
at the end of the CS became an important determinant of the suppression
elicited by post~CS cues.

If Experiment 2 represents a valid test of the relation between
strength of conditioned inhibition and strength of conditioned exci-
tation, it appears that the suppression-ratio data from the new-
learning test phase demand a revision of existing theories of con-
ditioned inhibition. It has already been noted that according to the
Rescorla~Wagner model, Group Hi should have been less rather than

more suppressed than Group Lo. Although there were ways to handle
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the failure to find an effect in Experiment 1, the model simply does
not predict that the associative value of A in Group Hi would ever
become more positive than that of A in Group Lo. That the groups were
equated for nonassociative variables at all times eliminates a number
of alternative explanations.

Hull's (1943) inhibition theory is similarly unable to explain
this finding in any simple manner. According to Hull (1943, p 277 ff),
whenever an excitatory response is evoked, there is a negative after-
reaction that tends to produce a cessation of the original response.
This after-reaction was referred to as reactive inhibition (IR) and
was assumed to have "primary negative motivational" properties (although
it did not appear to interact with other sources of drive in determin-
ing the strength of Hull's general D construct). Within the context
of Hull's drive-reduction theory of learning, the diminution of this
post-response, negative-motivational condition (which occurred as a
function of time following the response) was thought to be sufficient
for the conditiohing of inhibitory potential. Conditioned inhibitory
potential (SIR) was loosely described as a “negative habit," a habit
of not doing something. Hull proposed that inhibition developed when-
ever a response was evoked, even under conditions of reinforcement.

Of greater importance to the present considerations, however, he
suggested that inhibition would accrue not only to an established
excitatory stimulus during its extinction, but also to any neutral
stimulus that was nonreinforced in conjunction with an excitatory
stimulus (e.g., X in the A+, AX~ paradigm). The primary inhibitory

reaction was said to be a function of the "work" or "energy consumption"
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involved in the performance of the response. Although Hull appears
not to have specified the determinants of "work" in the case of
classically conditioned responses, if it can be assumed that the
greater the strength of a given habit, the greater the energy con-
sumption involyed in executing the response, then, the greater the
strength of the habit, the greater the inhibitory reaction following
the response, and hence, the greater the strength of conditioned
inhibition. Thus, the theories of Hull (1943} and Rescorla and Wagner
(1972) offer the same predictions for the present experiments, and
both seem equally at odds with the obtained result.

Spence's (1960, Chapter 6) treatment of inhibition differed con-
siderably from Hull's, although both theorists advocated countercon-
ditioning views of extinction. In the instrumental reward situation,
Spence assumed that it was not response evocation per se that produced
inhibition, but rather nonreinforcement under conditfons where the
organism had learned to "expect" or “"anticipate" reinforcement (i.e.,

where a fractional anticipatory goal response, r_, had been conditioned

g’
to stimulus cues in the instrumental chain). Inhibition in such
situations was viewed primarily as a frustration phenomenon. The
absence of reinforcement after evocation of rq was presumed sufficient
to produce an emotional (anger, frustration) response, designated as
re. The frustration response was a]]egedTy capable of becoming con-
ditioned to stimulus cues in much the same way as rg, and the stimulus

consequences»(sf) of re were thought to elicit learned or unlearned

responses, some of which would compete with the instrumental response.
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For a variety of reasons, Spence believed that the factors gov-
erning habit strength and inhibition were different in the case of
classical defense conditioning. Habit strength was governed not only
by the number of occurrences of the response (which alone determined
habit strength in the instrumental reward situation), but also by the
intensity of the US. Inhibition was assumed simply to be a function
of the number of nonreinforéed trials. Although Spence did not elab-
orate the mechanism underlying inhibition in the classical defense
conditioning situation, he did indicate that a direct application of
the frustration analysis appeared implausible. Strictly speaking,
since inhibition was said to be a function only of the number of
nonreinforced trials, Spence's 1960 analysis would lead to the pre-
diction of no differences among groups in the present experiments.
However, a more detailed consideration of the ayersive situation might
have led him to the conclusion that the strength of the inhibitory
response was a function of the strength of the anticipatory response
(hence, a function of US intensity), in much the same way that the
strength of re was believed to depend upon the strength of rg.

Attempts to interpret the present outcome may hinge in part upon
one's view of the random control group. This consideration is related
to remarks made earlier about establishing a reference condition
against which to evaluate the effects of alleged inhibitory stimuli
(pp 12 = 17). Given that Hi was more suppressed to X during the new-
learning test than Groups Lo and Random, and that the latter groups
did not differ, in the absence of a reference point, the outcome might

be attributable to: (a) retardation of CER learning in Groups Lo and
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Random (with respect to Group Hi), (b} facilitation of CER learning

in Group Hi (with respect to the other groups), or (c) some combination
of retardation and facilitation (with respect to some unknown con-
dition). Acceptance of the performance of the random control group
as an appropriate reference point would support the second conclusion.
Acceptance of this control may not be unreasonable since the final
test data indicated that the random control procedure was effective
in producing minimal associative strength to A. It might also be
possible empirically to determine whether retardation or facilitation
was involved (e.g., with a combined-cue test), but once again, the
ability to make a final decision would rest upon the choice of a
control for nonassociative factors. If the random control is judged
inappropriate, there may be 1ittle reason to favor any one of the
aboye alternatiyes over the others.

There are two theories that may help to explain the results of
Experiment 2. The first involves attentional mechanisms in condition-
ing, and the second inyolyes the role of higher-order conditioning
during conditiohed—inhibition training. The ways in which attentional
theories might handle the conditioned-inhibition paradigm have been
outlined by Wagner (1969), Rescorla and Wagner (1972) and Hearst
(1972). One attentional version of the outcome of Experiment 2 might
be as follows (see Wagner, 1969, p 38). First, assume that the like-
Tihood of attending to A is an increasing function of the intensity
of the US paired with A on A+ trials. Suppose also that the Tikeli-
hood of attending to one component of a compound is inversely related

to the likelihood of attending to other components. Given these
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assumptions, one might predict that rats in Group Lo would be more
Tikely to attend to X than would rats in Group Hi because of dif-
ferences in the Tikelihood of attending to A. If nonreinforcement of
the AX compound were sufficient to produce conditioned inhibition,
then inhibition to X would presumably develop to a greater degree in
Group'Lo. However, this theory might also predict that inhibition
should have been greatest in the Random group since attention to A
and to X would not be expected to differ initially. This latter
prediction becomes even stronger when one considers the evidence
suggesting that random conditioning may act directly to decrease
attention to A (Mackintosh, 1973).

As Rescorla and Wagner (1972) have suggested, attentional accounts
of changes in responding often do 1ittle more than redescribe the data.
The utility of such accounts may be minimal due to their failure to
specify the trial-by-trial events that control conditioning. It is
interesting to note that the Rescorla-Wagner model does provide a
means of incorporating certain types of attentional changes through
the CS-saliency parameter, & . If rules could be given to describe
the way in which changes in 0 occur, differences in rates of
acquisition of inhibition might be attributed to differences in (&
rather than to differences in the initial values of V. Without added
assumptions, however, the model would still be unable to handle the
present results.

| A second hypothesis that may explain the obtained result must
appeal to the development of a second-order conditioned fear response

during "conditioned~inhibition" training. Although this may initially
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seem an outrageous proposal, close examination of the conditions
alleged to support conditioned inhibition and higher-order con-
ditioned excitation reve&]s certain similarities. In both instances,
excitatory conditioning to some stimulus, Sy, must precede nonrein-
forced presentations of a second stimulus, So, in close temporal
proximity to S1. For second-order conditioning, it is generally
required that the onset of Sy precede that of 51, although as will
be mentioned shortly, this need not always be true. The relative
arrangement of the two stimuli does not appear to be as important
to the development of conditioned inhibition (Rescorla & Lolordo,
1965). In addition to the apparent procedural commonalities, there
are empirical and theoretical reasons for supposing that conditioned
inhibition and higher-order conditioning are interrelated. It has
been shown, for example, that after a few pairings of 52 and S] in
a standard second-order conditioning arrangement (52 preceding and
overlapping S]), S, shows secondary excitatory properties, but that
after many trials, So shows conditioned inhibitory effecfs (Herendeen
& Anderson, 1968; for a related result, see Rescorla, 1973).
McAllister and McAllister (1971} and Rescorla (1973) have
suggested that inhibitory conditioning and second-order conditioning
are interrelated, although each has done so for different reasons.
The McAllisters were attempting to examine Rescorla's (1967b) con-
tingency formulation of conditioning within the framework of a "more
traditional view of conditioning." According to that traditional
view, in order for a CS to become inhibitory, it had to become

excitatory first, either through direct conditioning or through
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stimulus generalization. Inhibition could then develop through the
nonreinforcement of that stimulus. It {s not clear whether the
McAllisters are the source of the "traditional view" of conditioning
or whether that view was intended to be representative of earlier
theories such as Hull's (1943). If the latter is true, it should be
mentioned again that Hull did not demand that a to-be-~conditicned
inhibitory stimulus ever possess excitatory properties. Under certain
circumstances (e.g., A+, AX - conditioning), a neutra1 stimulus could
acquire inhibitory potential (Hull, 1943, p 282).

Nevertheless, according to the McAllisters' view of conditioning,
a stimulus that is explicitly unpaired with shock must first become
excitatory before it can become inhibitory. In describing how this
might occur for fhe CS in an "explicitly-unpaired" conditioning
procedure, they proposed that the to-be-conditioned inhibitory stimulus
acquires its initial excitatory potential by being paired with fear-
arousing apparatus cues, that is, through a process of higher-order
conditioning. Since the CS is never paired with shock, extinction
is alleged to take place, making the CS inhibitory. Presumably,
this analysis could be extended to the A+, AX- paradigm by assigning
the role played by fear-arousing apparatus cues to the explicit
conditioned excitor, A. Because the second-order conditioned
response would be expected to be greater, the greater the associative
value of A, one might predict that, under conditions such as those
in Experiment 2, X would initially possess a more positive associative
value in Group Hi (when second-order conditioning was at its peak),

but that with continued training, it would possess a more negative
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associative value in Group Hi (when inhibitory conditioning reached
asymptote). This analysis would suggest that the test for con-
ditioned inhibition in Experiment 2 was conducted too soon, that is,
before the second-order conditioned response had extinguished.

There are seyeral problems with the formulation described in
the preceding paragraphs. First of all, there is a certain amount
of slippage in the description of the conditions thought to be
responsible for the development, maintenance, and extinction of a
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