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Several formal models of excitatory classical conditioning are reviewed. It is
suggested that a central problem for all of them is the explanation of cases in
which learning does not occur in spite of the fact that the conditioned stimulus
is a signal for the reinforcer. We propose a new model that deals with this
problem by specifying that certain procedures cause a conditioned stimulus
(CS) to lose effectiveness; in particular, we argue that a CS will lose associ-
ability when its consequences are accurately predicted. In contrast to other
current models, the effectiveness of the reinforcer remains constant throughout
conditioning. The second part of the article presents a reformulation of the
nature of the learning produced by inhibitory-conditioning procedures and a
discussion of the way in which such learning can be accommodated within the
model outlined for excitatory learning.

A recent review of classical conditioning
(Dickinson & Mackintosh, 1978) suggests
that the underlying associative process is
"responsible for organisms learning about
the relationships between events, enabling
them to build up an associative representa-
tion of the causal structure of their environ-
ment" (p. 588). According to this view the
occurrence of a conditioned response (CR)
as a result of the pairing of a conditioned
stimulus (CS) and an unconditioned stimu-
lus (US) is regarded as being merely an
index of the formation of some internal
representation of the relationship between
CS and US. The first task of a theory of
classical conditioning becomes that of
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specifying exactly the nature of this in-
ternal representation, and in recent years
there has been fairly general agreement
about the nature of the representation
formed as a result of simple conditioning
procedures. It is usually assumed that an
association is formed between the central
representations of the CS and US so that
activation of the first (by presentation of
the CS) arouses activity appropriate to the
likely occurrence of the second (e.g.,
Bindra, 1972; Konorski, 1948; Mackintosh,
1974). In consequence, the "associative
strength'' of the CS has become a central
concept in classical conditioning theory,
and the concern of the theorist has been
largely to specify how various procedural
manipulations work to determine this strength
(e.g., Frey & Sears, 1978; Mackintosh,
1975b; Rescorla & Wagner, 1972).

Theories of this sort have faced two main
problems. The first arises from the observa-
tion that in a number of circumstances, the
pairing of CS and US does not result in learn-
ing. Of the various theoretical mechanisms
proposed to deal with this fact, none can
encompass all of the data. The first major
section of this article reviews the ways in
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which the theories fail and presents as a
formal model an alternative that we hope
can deal with more of the data than its
competitors.

The second problem arises from the
observation that learning of a rather special
sort (inhibitory learning) occurs when the
CS and the US are not paired. The attempt
by Wagner and Rescorla (1972) to apply
their basic model for excitatory condition-
ing to the inhibitory case yielded some
notable successes but ran into a number of
difficulties (see Rescorla, 1979, for a review)
that still await a fully satisfactory explana-
tion. We believe that these difficulties arise
from the failure of current models for in-
hibitory conditioning to specify appropriately
the nature of the internal representation
produced by these procedures. Accordingly,
the second major section of this article be-
gins with an attempt to clarify this issue.
Having achieved this reformulation, we
hope to show that inhibitory learning can be
readily accommodated by the model that we
propose for excitation. Indeed, one aim of
this article is to argue that there is no
essential difference between the learning
produced by inhibitory and excitatory con-
ditioning procedures.

Excitatory Learning

The Problem

We begin by making the assumption that
when an animal experiences an appropriate
CS and US in close contiguity, their con-
joint processing results in the strengthen-
ing of an association between their internal
representations. We shall symbolize the
strength of this association as V; we take
the size of the increase in V (AV) produced
by such a processing episode to be some
function of the strength or effectiveness of
the internal representations of the CS and
US. The simplest way of expressing these
factors that can serve as a starting point
for discussion is given as Equation 1:

AV = aX, (1)

where a and X are parameters varying with
CS and US intensity, respectively. (The

exact functions relating a and X to physically
measured stimulus intensity will depend on
details of the animal's sensory system.)
There is no doubt that the speed and com-
pleteness of conditioning do depend on the
physical intensity of the stimuli, but there is
equally no doubt that other factors play a
part.in determining the effectiveness of the
CS or the US or both.

The most obvious demonstration of the
fact that the pairing of a seemingly adequate
CS and US can fail to produce an increase
in associative strength is seen when con-
ditioning reaches an asymptote. Clearly, as
conditioning proceeds, something happens
that causes AV to decline. A more subtle
example of the same basic phenomenon is
supplied by the occurrence of "blocking"
(Kamin, 1969). Here, the pairing of a CS
and US, which have been separately demon-
strated to be capable of supporting con-
ditioning, produces no increase in the as-
sociative strength of the CS; in some way
the simultaneous presence of another
stimulus that has already formed an asso-
ciation with the US' 'blocks'' the acquisition
of associative strength by the CS in which
we are interested.

Models of classical conditioning have
explained these failures to learn by sug-
gesting that conditioning procedures can
cause stimuli to lose their effectiveness.
Dickinson and Mackintosh (1978) have sug-
gested that such models can be divided into
two main categories: those that suggest
that the US may become ineffective and
those suggesting that the CS may become
ineffective.

Variations in US Effectiveness

Kamin's own explanation for blocking
embodied the suggestion that a US that has
already entered into a full association with
a CS is not effective when that CS is present.
The Rescorla-Wagner (1972) model ex-
presses some aspects of Kamin's ideas in a
formal way. It proposes that the change
in associative strength of Stimulus A de-
pends in part on the discrepancy between
the asymptote of conditioning (determined
by the intensity of the US, X) and the sum
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of the associative strengths of all CSs
present (Vj).1

AVA = (2)

Thus, the effectiveness of the US is given
by the expression (X - Vs), and when V£
is equal to X, the US will be completely in-
effective. Blocking will occur; that is, there
will be no increase in VA when some other
CS is simultaneously present that has al-
ready been conditioned so that V£ = X.
It should be apparent also that the incre-
ments in the associative strength of a CS
conditioned in isolation should decline to
zero as its own increasing associative
strength reduces the effectiveness of the
US. This theoretical position has often been
summarized as saying that a US is only ef-
fective when it is not predicted or is "sur-
prising."

There is a sense in which this theory is
almost too successful in its ability to predict
blocking; we discuss next two cases in
which no blocking occurs when the model
predicts that it should. The first can be taken
to show that although the surprisingness of
the reinforcer is an important determinant
of learning, it exerts its effect in a way dif-
ferent from that proposed by Re scoria and
Wagner. Dickinson, Hall, and Mackintosh
(1976) carried out a blocking experiment in
which rats were pretrained with a stimulus,
B, the US being two electric shocks sepa-
rated by an interval of 8 sec. One group then
received a compound stimulus, AB, followed
by this same reinforcer, and these subjects
showed blocking; that is, they failed to learn
about Stimulus A. A second group received
compound training in which the second of
the two shocks was omitted; for these ani-
mals, Stimulus A did acquire associative
strength. Dickinson et al. concluded that the
surprising omission of the second shock can
cause "unblocking." It should be apparent
from Equation 2 that according to the
Rescorla-Wagner model, unblocking should
occur only when X is increased or Vs is re-
duced on the compound trials. Neither of
these conditions was met in the experiment
by Dickinson et al.

The other case challenges what is perhaps
a more central feature of the Rescorla-

Wagner account. Mackintosh (1975a) car-
ried out a blocking experiment in which,
after Stimulus B had been established as a
CS for shock, only a single AB trial was
given. He found that Stimulus A acquired
a small but measurable amount of associa-
tive strength as a result of this trial. The
performance of other groups of subjects
served to show that further reinforced
trials did not produce any further increase
in strength to A (i.e., that blocking did occur
after the first trial), also that the strength
gained by A was the same as that produced
by a single compound trial not preceded by
pretraining with Stimulus B (i.e., that con-
ditioning was normal on the first trial). Mack-
intosh's own explanation of this finding
will be discussed later. For our present
purpose it is sufficient to point out that this
result undermines the central assumption of
models of the Rescorla-Wagner type. For
here is a case in which a fully predicted and
unsurprising US turns out to be a perfectly
effective reinforcer. At the very least, there-
fore, we must allow that some additional
mechanism is involved in blocking and re-
lated phenomena. We turn next to a con-
sideration of two theories that suppose there
to be some change in CS effectiveness as a
result of conditioning in addition to any
loss of US effectiveness.

Before doing so it is only fair to add at
this point that Wagner and Rescorla (1972)
allowed that the effectiveness of a CS (i.e.,
a) might change. To explain "latent in-
hibition," the retardation of conditioning
produced by prior presentation of the CS
alone, they added the assumption that such
treatment might cause a decline in a for that
stimulus. This is an important step, since it
admits the possibility that the effective-
ness of a CS may be determined by factors
other than the physical intensity of the
stimulus. But this idea was taken no further;
changes in a were used only to explain latent
inhibition and played no part in the model's

1 This model (and similar models) also includes a
learning-rate parameter dependent on the properties of
the US. For clarity of exposition, this parameter has
been neglected throughout; its inclusion does not
materially affect the application of these models to the
issues discussed in this article.
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account of blocking, and so on, nor was
there any formal statement of the rules
governing changes in a.

Variations in CS Effectiveness

The Rescorla-Wagner model supposes
that a US loses its effectiveness as it comes
to be accurately predicted by preceding
events. It has proved possible to develop
similar theory to deal with changes in CS
effectiveness, the central assumption being
that a CS, too, can become associated with
events that predict it and thus become un-
surprising. We consider an example of this
sort of theory first but then go on to describe
an alternative that makes the contrary as-
sumption that the effectiveness of a CS is
determined not by the extent to which it is
predicted but by the extent to which it
predicts its consequences.

CS Effectiveness and the Predictability
of the CS

Wagner (1978) has put forward an elabora-
tion of the Rescorla-Wagner (1972) model,
expressed in rather different terms. He
retains the premise that the surprisingness
of the US as given by (X - Vs) determines
how much will be learned on any given trial,
but a version of this premise is extended
to govern what we may call the "associ-
ability" of the CS. Wagner maintains that
the presentation of a CS in a given context
will result in the formation of an association
between the CS and that context, and it is the
strength of this association that determines
the surprisingness of the CS and hence its
associability. Just as a fully expected US
loses its ability to reinforce conditioning,
so a fully expected CS loses its ability to
become associated with a US. More
formally, we may say that the parameter
a may change as a result of training, and i f /
is the asymptotic strength of the context-
CS association and v is the current strength
of this association, then a is given by
Equation 3 as

takes a value between 0 and 1. By sub-
stituting for a in Equation 2, we derive

a = 8(/ - v) (3)

AVA = 8(1 - (4)

which describes how changes in a can
modify the course of conditioning.2

The application of this model to the loss
of associability seen in simple latent in-
hibition is straightforward. The repeated
presentation of a stimulus prior to con-
ditioning will permit the development of a
strong context-stimulus association, and the
value of the term (I - v) will tend to
decline. It follows that the acquisition of
associative strength by this stimulus when
it is presented with a reinforcer will proceed
only slowly. This basic account can be ex-
tended to deal with more complex cases of
latent inhibition. For instance, it has been
established that the loss of associability
produced by nonreinforced preexposure of
a stimulus is attenuated when that stimulus
is followed by some other event (Hall &
Pearce, 1979; Lubow, Schnur, & Rifkin,
1976). Wagner's suggestion is that the
processing of stimuli that results in the
formation of an association between them
takes place in a device of limited capacity.
The occurrence of some event, particularly
an unexpected one, following the presenta-
tion of two stimuli will take up some
processing capacity, thus reducing the
capacity that can be devoted to the stimuli
in which we are interested, in this case
producing a weaker than usual context-CS
association.

From the little we have said, it should
already be apparent that Wagner's model
has greater explanatory power than the
Rescorla-Wagner model on which it is
based. Wagner (1978) described the success-
ful application of his model to a wide range
of data that lie outside the scope of any of
the other models discussed in this article.

where 8 is a learning-rate parameter deter-
mined by the properties of the CS, which

2 The model presented by Wagner (1978) is in fact
more elaborate than that represented by Equation 4.
In particular, Wagner argues that in addition to the
conditioned changes in associability depicted here,
there are also transient changes in associability pro-
duced by the presentation of the CS. This has proved
to be a fruitful idea, but it will not be pursued further
here, since all experiments considered here are
concerned with longer term changes in associability.
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Table 1
Summary of Procedure Used by Mackintosh,
Bygrave, and Picton (1977)

Group

+
+ +
+/ +
+/+ +
+ +/ +
+ +/+ +

Stage 1
(4 trials)

L+
L+
L+
L +
L +
L+

Stage 2

Trial 1 Trial 2

TL+ —
TL++ —
TL+ TL+
TL+ TL++
TL++ TL+
TL++ TL++

Note. L = light, T = tone, + = single shock, + +
= two shocks 10 sec apart.

Nonetheless, although the model deals in
some detail with changes in CS effective-
ness, it still retains the assumption that
changes occur in US effectiveness accord-
ing to how well the reinforcer is predicted,
that the increment in associative strength
on any trial is determined by (X - Vs).
Consequently, this model is no better
equipped than its predecessor to deal with
the fact that blocking effects are not evident
after just one trial; nor is it better equipped
to explain the "unblocking" results of
Dickinson et al. (1976), particularly when
these are a consequence of shock omission.
We turn now to a theory explicitly designed
to accommodate these facts.

CS Effectiveness and the Predictive
Power of the CS

Mackintosh (1975b) held that the associ-
ability of a stimulus is determined by how
well it predicts its consequences. He sug-
gested that the associability (a) of a stimulus
will increase if it predicts reinforcement
more accurately than other stimuli present
in the situation but will decrease if it predicts
reinforcement less accurately. These sug-
gestions are formally expressed in Equa-
tions 5 and 6 taken from Mackintosh (1975b).

AaA is positive if | X - VA <
AaA is negative if X - V A I s

(5)
(6)

where Vx represents the associative strength
of all stimuli other than A present on a given
trial.

The manner in which aA influences the

acquisition of associative strength by A is
expressed in Equation 7.

AVA = «A(X - VA). (7)

Thus, Mackintosh rejects the view adopted
by Rescorla and Wagner that change in the
associative strength of a stimulus is deter-
mined by the discrepancy between X and the
sum of associative strengths of all the stimuli
that happen to be present (V£). Instead,
the size of the associative change is deter-
mined by the discrepancy between X and
the strength of the stimulus in question. A
result of this view is that the loss of US effec-
tiveness is relegated to a fairly minor role
in explaining conditioning effects; indeed,
it now serves the role simply of explaining
why the acquisition of associative strength
by a given stimulus should eventually reach
an asymptote fixed by the strength of the US.
In blocking and related phenomena, the
whole of the explanatory burden is borne
by the mechanisms dealing with changes
in CS effectiveness.

This model is applied to blocking as
follows: It is assumed that a for a stimulus
experienced for the first time is determined
solely by its intensity. Thus, when a stimulus,
A, is added to a pretrained element, B, in a
blocking experiment, conditioning proceeds
normally according to Equation 7, and there
is an increment in the associative strength of
A. After a conditioning episode, however,
the a values of the stimuli experienced
are modified according to the associative
strengths that the stimuli have acquired as a
result of that episode (i.e., according to
Equations 5 and 6). After the first compound
trial of a blocking experiment, Stimulus A
will have acquired some associative strength,
but the pretrained element, B, will be at or
near asymptote. Thus |x - VA will be
greater than X - VB |, and «A will decline.
This means that the model explains why
Stimulus A conditions normally on the first
compound trial but hardly at all on subse-
quent trials.

The application of this model to the un-
blocking results of Dickinson et al. (1976) is
dealt with most conveniently by considering
first a related experiment by Mackintosh,
Bygrave, and Picton (1977). This experiment
is discussed in some detail, since it provides
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evidence directly relevant to what we take
to be the model's most important innova-
tion, that is, its suggestion that the outcome
of one trial can be used to set the associ-
ability of a stimulus and thus determine the
course of conditioning on the next trial.

An outline of the experiment by Mackintosh
et al. (1977) is given in Table 1. Six groups
of rats received four trials on which a light
was followed by an electric shock. They
then received training with a tone-light
compound. The groups differed in the
number of compound trials they received
and in whether or not a surprising second
shock occurred 10 sec after the first. It
was found that some conditioning occurred
to the tone in all groups, with the smallest
being found in the pair of groups that received
only one compound trial. These two groups
did not differ from one another; that is, the
surprising second shock in Group + +
produced no more conditioning than the
single shock given to Group +. Thus, the
extra shock did not influence conditioning
on the trial on which it was presented. A
comparison of the remaining groups that
received two compound trials reveals, how-
ever, that the surprising second shock on the
first trial was certainly not without effect.
The groups receiving a surprising shock on
the first compound trial (Group ++/+ and
Group + +/++) did not themselves differ,
but they showed significantly more condi-
tioning to the tone than the groups receiving
a single shock on the first compound trial
(Group +/+ and Group +/++). It seems,
therefore, that a surprising shock on the first
compound trial potentiates conditioning on
the next trial. According to Mackintosh,
the tone conditions normally on the first
compound trial in all groups but loses as-
sociability when a single shock occurs on
this trial, since it predicts this outcome less
well than the light. The tone therefore
acquires little or no further associative
strength. But when a surprising second
shock occurs, this loss of associability is
greatly attenuated, since the light no longer
accurately predicts the outcome of the trial.
The tone is therefore able to acquire further
strength on the second compound trial. An
argument similar in principle (but rather
more complex, see Dickinson & Mackintosh,

1979) can be applied to the unblocking
effect produced by surprising shock omis-
sion (Dickinson et al., 1976).

The success of Mackintosh's model in
explaining blocking and related phenomena
convinces us that the principle it embodies—
the modification of CS associability as a
result of the consequences of one trial
influencing conditioning on the next—must
be a part of any successful theory. But
there is reason to doubt the adequacy of the
rules that Mackintosh suggests should govern
changes in a. The inadequacy becomes
apparent when we consider the applica-
tion of this model to latent inhibition.

The decline in associability of a stimulus
presented in isolation causes no problems
and is governed by Equation 6. During
latent inhibition training, X, VA, and VK are
all zero and thus a will decline. But in a
recent experiment, Hall and Pearce (1979;
see also Pearce & Hall, 1979) found that a
similar decline in associability could occur
even when the stimulus was preexposed
not in isolation but in conjunction with a
reinforcer. During the preexposure phase,
subjects in the experimental condition
received conditioning trials in which a
stimulus (such as a tone) was paired with a
weak electric shock. Control subjects
received similar treatment with a different
stimulus, such as a light. In the test stage
the tone was used to signal a stronger shock
for both groups. It was found that learning
occurred relatively slowly in the experimental
group (in spite of the fact that the stimulus
in question had already acquired some
associative strength as a result of the first
stage of training).3 Apparently, a stimulus
can lose associability even as it acquires
associative strength, but this phenomenon is
entirely ruled out by Mackintosh's formula-
tion. The tone in the experiment by Hall and
Pearce is a better predictor of the reinforcer
than any other stimulus, and hence, given

3 The experiment by Hall and Pearce (1979) used
the suppression of lever pressing as the index of
conditioning. It is encouraging to note that Bolles
and Sigmundi (Note 1) have recently reported an
identical pattern of results in an experiment in which
the extent to which the subjects were immobile during
an aversive CS was used as the measure of condi-
tioning.
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Equation 5, its associability should go up
during the preexposure phase. Thus, al-
though we are willing to accept Mackintosh's
suggestion that changes in CS effectiveness
make an important contribution to the
outcome of many conditioning procedures,
we cannot accept the rules that he sug-
gests might govern how these changes are
brought about.

A New Account of CS Processing

The model we now develop takes as its
starting point the failure of that of Mackintosh.
Like its predecessor it accepts that the
effectiveness of a CS will change according
to its predictive power. It has two novel
features as applied to excitatory condition-
ing. First, it suggests a new principle for
determining changes in a; second, and more
fundamentally, it abandons altogether the
notion that changes occur in US effective-
ness as conditioning proceeds. We begin
by presenting our new account in a rela-
tively informal way.

Adopting the perspective suggested by
some models of information processing
(Wagner, 1978) leads to the suggestion that
associative learning depends on the conjoint
processing of CS and US in some limited
capacity device. A change in the associability
of a stimulus is then represented in terms
of the likelihood of its gaining access to this
processor. We propose that stimuli such as
the USs used in typical conditioning pro-
cedures are always likely to gain access
to the processor. But for the processor to
be used efficiently, access for other stimuli
will be limited so that only those needed
for learning gain entry. Stimuli that fully
predict their consequences will be denied
access to the processor, whereas stimuli
that have recently been followed by surpris-
ing or unexpected events will receive pro-
cessing. In other words (and in direct con-
trast to Mackintosh's model), we suggest
that a stimulus is likely to be processed to
the extent that it is not an accurate predictor
of its consequences.

A More Formal Statement

The suggestion that the associability of
a stimulus depends on how well it predicts

a subsequent US may be expressed as
follows:

Here «A" represents the associability that a
CS (A) will have on a given conditioning
trial n. It depends on the absolute value
of the discrepancy between the intensity of
the US (X) on the previous trial (n - 1) and
the associative strength (VA) of the stimulus
on that trial. To conform to the conven-
tion that a for a stimulus varies between
0 and 1, we stipulate that X may also vary
only between these values.

Next, we wish to express formally the
fact that the associative strength gained by
a stimulus as a result of a conditioning trial
depends not only on the associability of the
CS but also on its intensity and that of the
US. This is represented in Equation 9.

AVA = (9)

where 5 is a parameter (varying between
0 and 1) that depends on CS intensity. The
role played by the intensity of a stimulus is
thus explicitly separated from that played
by changes in its associability. Substituting
for a in Equation 9 produces Equation 10.

AVA" = S^X"-1 - V^IX", (10)

which gives the change in associative strength
accruing to Stimulus A on conditioning
trial n.

Equation 10 cannot be used to describe
the changes in associative strength that
occur on the first trial in which a CS is
presented (and sizable changes can indeed
occur on a single trial; see, e.g., Mahoney &
Ayres, 1976). We are willing to leave this
starting value for a unresolved for the time
being, however, since it does not influence
the predictions we wish to make. It should
be added that Mackintosh's (1975b) model
of changes in associability allows that such
changes may generalize to some extent
from one stimulus to another. If we accept
this suggestion, then it follows that in any
given experiment the starting value of a for a
supposedly novel stimulus may well be set
by the experience that the subjects have
had with other similar stimuli.
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Application to Simple Acquisition

All of the theories of conditioning dis-
cussed thus far have supposed that as-
sociative strength reaches an asymptote as
the US becomes predicted and loses its
effectiveness. The model just outlined rejects
this idea; instead, the course of conditioning
is determined solely by changes in CS
effectiveness. On trials after the first, the
associability of the CS will be determined
by Equation 8, and thus, as conditioning
proceeds, a will decline from a value close
to that set by X until, when the associative
strength of the CS is equal to X, a will be zero
and there will be no further change in the
strength of the association.

Although there is some variation from
one experimental paradigm to another
(Mackintosh, 1974, p. 9), the typical learn-
ing curve is usually taken to be sigmoid in
shape. Relatively small increments in as-
sociative strength as the asymptote is
approached are to be expected on the basis
of the preceding equations. The occurrence
of small increments at the start of condi-
tioning might be taken to indicate that the
starting value of a is low, but this need not
necessarily be the case. The starting value
of a could conceivably be high, but the
failure to observe large increments in the
magnitude of the conditioned response on
the initial trials may be due to some threshold
that associative strength must cross before
it is translated into performance (cf. Mackin-
tosh, 1974, p. 11).

Latent Inhibition and Related Phenomena

The model is applied to latent inhibition
as follows: When a novel stimulus is pre-
sented in the absence of a reinforcer, X will
be 0, and, since the associative strength
of the stimulus is also 0, the associability of
the stimulus will decline. When the stimulus
is subsequently paired with a US, no learn-
ing will occur on the first conditioning
trial, and in this way a difference will be
established between the associative strength
acquired by a preexposed stimulus and that
acquired by a novel stimulus.4

Our model also allows that latent in-
hibition of a sort will go on during con-
ditioning itself. Recall the experiment by

Hall and Pearce (1979) mentioned earlier,
which showed that pretraining in which a
CS signaled a weak shock reduced the
readiness with which the CS subsequently
formed an association with a stronger shock.
Our interpretation of this finding is that a
for the CS declines to zero during condi-
tioning as the associative strength of the
CS approaches the X value determined by
the intensity of the weak shock. It follows
that at least on the first trial of training with
the stronger shock, there will be no increase
in the associative strength of the stimulus.
Only after this trial, when the increase in
shock intensity had produced a discrepancy
between X and V, will further learning occur.

This account of the phenomenon reported
by Hall and Pearce generates a novel predic-
tion. It suggests that learning occurs slowly
during the second phase of conditioning with
the stronger shock because initially the
value of | A - V \ is close to zero. Accord-
ingly, some procedure that establishes a
discrepancy between X and V before the
start of this second phase should allow
further conditioning to proceed normally.
For example, inserting one or a few trials
on which the CS is not followed by shock
between the phase of training when the CS
predicts a small shock and the phase when
it predicts a stronger shock should have
this effect. Such a procedure will cause the
value of V to exceed X (which will be zero),
and the associability of the CS will be in-
creased. In other words, our model makes
the seemingly paradoxical prediction that a
phase of training that might be expected to
teach the subject that the CS is not followed
by shock could in fact help in forming the
CS-strong shock association.

We have recently confirmed this predic-
tion in a series of experiments using the
conditioned suppression technique (Hall &
Pearce, Note 2). In one of these experi-
ments, two control groups received extensive
initial training with a shock of moderate
intensity as the US. The CS was a tone for

4 It may be observed that this model predicts that
the development of latent inhibition would be a much
more rapid affair than is typically the case (Lubow,
1973). Discussion of this point will be deferred until
exposition of the full model has been completed.
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one group and a light for the other group. The
two groups then received four test trials on
which the tone signaled a stronger shock.
It was found that the group that was pre-
trained with the light learned more rapidly
during the test phase, thus replicating the
results reported by Hall and Pearce (1979).
A third group of subjects also experienced
the tone CS during the pretraining and test
phases, but, in addition, these animals
received two nonreinforced presentations of
the tone immediately before the test trials.
According to the argument just outlined,
these nonreinforced presentations of the CS
should restore its associability and thus
minimize the latent inhibition effect induced
by pretraining with tone. We found that
these experimental subjects acquired sup-
pression during the test phase as readily as
the control subjects that had received their
pretraining with the light.

Conditioning With a Compound CS

We have thus far worked with the assump-
tion that the associability of a CS is set by
the discrepancy between its associative
strength, V, and the strength of the US, X.
But we need now to specify how a changes
as a result of trials when more than one CS
is present, each of which may possess some
associative strength. Given our central hy-
pothesis that a stimulus will gain access to
the processor only when it is needed for
associative learning, that is, only when it has
been followed by a surprising event, it seems
sensible to assume that the associability
of each stimulus in a compound will be
determined by how well the reinforcer is
predicted by the aggregate associative
strength of all the stimuli in that compound.
Provided the reinforcer is successfully
predicted on some basis, there is no need for
further learning about any CS. We suggest,
therefore, that the value of a stimulus is
given by the expression | X - V£ , where as
before, Vs is the sum of the associative
strengths of all stimuli present.

This model deals with blocking quite suc-
cessfully. Given sufficient pretraining, the
associative strength (VB) of Stimulus B will
rise to equal \. Thus, in the normal blocking
procedure when Stimulus A is added and

the reinforcement parameters are not
changed, the reinforcer will be fully predicted
by B. The associability of the added element
A for all but the first trial will be zero, that
is, | X - Vz |, since in this case V£ will equal
VB. On the first trial the associability of A
will be at its normal starting value, and
learning will occur on just this trial.

If the reinforcement parameters are
changed to produce an increase in X for the
compound trials, conditioning to A will
continue for a number of trials, since there
will be a discrepancy between X and Vs.
The case of unblocking produced by the
surprising omission of a second shock
(Dickinson et al., 1976) needs a more elab-
orate explanation. In these circumstances
the presence of the fully predicted first
shock will produce a decline in aA, whereas
the omission of the second shock will pro-
duce an increase. As a result, aA will not
decline, or at least will not decline as much
as it will for control subjects receiving both
shocks. On subsequent trials this relatively
high value of «A will allow A to form an
association with the first shock. It should be
added that our account of inhibitory learn-
ing (to follow) allows that A may also form
an association with the absence of the sec-
ond shock, which may tend to attenuate the
effects of the association with the first
shock. We assume, however, that in this
case the close temporal proximity of the
first shock to A will ensure that excitatory
learning will predominate over inhibitory
learning, and this is enough for our present
purposes. Further consideration of the rela-
tionship between shock omission, associ-
ability, and inhibitory learning will be given
in the next major section.

The model can also be applied on the
whole successfully to another much studied
sort of compound conditioning, overshad-
owing, although here a new problem is en-
countered. Overshadowing is said to occur
when the associative strength acquired by an
element of a compound stimulus is less than
that produced by conditioning this stimulus in
isolation. According to our account, when
two stimuli are conditioned as a compound,
both will gain associative strength (perhaps
at different rates, depending on their inten-
sities) until their joint strengths equal X. At
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this point the associability of each will fall
to zero and no further learning will occur.
Neither stimulus will acquire as much
strength as it would if conditioned in iso-
lation. This prediction is supported by some
of the experimental findings, but there are
others (Mackintosh, 1976) which suggest
that when the two stimuli differ markedly
in intensity or salience, the more salient
element overshadows the less salient, but
not vice versa. If further research were to
support this latter finding, then it would be
necessary for us to modify our model. We
could suggest, for instance, that the value of
a on any given trial is determined by the
value of X - Vmax | for the preceding trial,
where Vmax is the associative strength of the
stimulus that most accurately predicts the
US. This formulation retains our central
assumption that the associability of a CS
falls off when the US is accurately pre-
dicted, it leaves unchanged our analysis of
blocking, and it predicts that the most salient
element in an overshadowing experiment
will reach full strength, since learning will
stop only when this stimulus predicts the
reinforcer. This formulation also predicts
that overshadowing will not occur between
stimuli of equal salience, a prediction for
which there is, unfortunately, only limited
support (Mackintosh, 1976). Accordingly,
we intend to retain, for the time being, our
initial assumption whereby a is set by the
value of X - Vs .

There is some evidence to show that
overshadowing effects can occur when only
a single trial of compound conditioning is
given (Mackintosh, 1971; Mackintosh &
Reese, 1979). Such an effect is predicted
neither by our model nor by any of the other
formal models that we have considered
(including that of Mackintosh, 1975b). We
must allow, therefore, that there is some
process that can produce overshadowing
different from that envisaged by our model.
This process may also be active during
experiments in which several compound
training trials are given and may contribute
to the overshadowing that is observed in
these. If so, we can expect a perfect fit
between data and theory only when this
extra process is properly understood and
incorporated into our theories.

A Conceptual Framework

So far we have presented our model only
in a rather abstract way with the intention
of showing that our equations fit the phe-
nomena (and, indeed, predict new ones). It
is appropriate at this stage, before turning
to the rather different problems posed by
inhibitory learning, to set our notions in the
context of current, rather more general
views of learning.

We began with a conceptual framework
(essentially that of Konorski, 1948), which
suggested that excitatory conditioning pro-
cedures result in the formation of an associ-
ation between internal representations of
the CS and the US such that presentation of
the CS becomes capable of producing activity
appropriate to the occurrence of the US.
This account fits very well with those theories
which suggest that the US becomes less
effective as conditioning proceeds. Konor-
ski, for instance, suggested that an associa-
tion between CS "center" and US "center"
was strengthened only when the CS was
followed by an increase in activity in the US
center caused by the occurrence of the US.
Since the CS is itself capable of exciting the
US center, it follows that once the CS has
acquired sufficient associative strength, the
level of activity aroused by the CS will be
equivalent to that aroused by the US, and
thus the reinforcer will be rendered in-
effective. Wagner's (1976, 1978) model
employs essentially the same mechanism.
In his case, a CS will "prime" a repre-
sentation of the US into a limited-capacity
processor, making the processor less likely
to accept information about the US when it
actually occurs.

While accepting some features of these
models (in particular, that an association is
formed when effective representation of the
CS and US both gain access to some pro-
cessing device), the novel features of our
theorizing prompt us to adopt a slightly
different conceptual framework. We want to
express the idea that an effective US repre-
sentation is always present in the processor
when the US occurs. In addition, we want
to ensure that although the CS will continue
to evoke the CR, the likelihood of an effec-
tive representation being present in the
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processor will change according to how
well the US has been predicted by that
stimulus in the past. We require, therefore,
a mechanism whereby a comparison can be
made between the US actually presented
(and thus represented in the processor)
and that predicted by the associative strength
of the stimulus. Such a mechanism is shown
in Figure 1.

The figure depicts a processor containing
representations of a CS and of a US on trial
n of a simple conditioning procedure. The
effectiveness or strength of the US repre-
sentation is determined by the value of X,
that of the CS, by S • a". Since a" will have
been determined on trial n - 1, an "a store"
is required to enable the processor to re-
member the value for trial n. The conjoint
processing of the CS and US representa-
tions results not in the formation of a direct
link between them but in an increase in the
ability of the CS to excite what we may call
a "US memory." The size of this increase
will depend on the strengths with which
CS and US are represented in the processor.
The extent to which the US memory is
excited on a given trial will depend on the

associative strength of the CS (in fact, on
V£ when more than one CS is present), and
will be directly related to the strength or
probability of the CR. Further, a comparison
can be made, by means of the comparator,
between the US memory and the representa-
tion of the US in the processor with the
magnitude of any discrepancy being used to
determine the associability of the CS on
its next presentation. When there is no
discrepancy and a falls to zero, the CS will
no longer be represented in the processor;
it will, however, remain capable of exciting
activity in the US memory and thus of
producing a CR.

This framework will be extended and dis-
cussed in more detail shortly; however,
we turn now to an attempt to apply these
general principles to the learning produced
by inhibitory conditioning procedures.

Inhibitory Learning

The Problem

The problem we face in supplying an
adequate account of inhibitory learning is
rather more fundamental than that met when
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Figure 1. A possible information flow diagram for excitatory conditioning on trial n ( a trial other than
the first trial with the conditioned stimulus [CS]). (Symbols alongside links indicate the level of activity,
where appropriate, induced in the representations to which they lead. US = unconditioned stimulus
[see text for further explanation].)
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we first considered excitatory learning. In
that case there was, at least, fairly general
agreement about the way in which the rela-
tionship between CS and US is represented
internally. There is no such agreement in
the case of inhibitory learning.

A development of the Rescorla-Wagner
model (Wagner & Rescorla, 1972) exploited
the way in which a negative correlation
between CS and US can produce a CS with
a negative V value to produce a highly suc-
cessful account of the acquisition of condi-
tioned inhibition and of the way in which
inhibitors and exciters interact. But this
model encounters a number of difficulties,
not least the fact that it is difficult to con-
ceptualize the nature of a negative V. Per-
haps this problem could simply be shelved,
but there are experimental data that run
counter to the model's predictions, and
these must be dealt with. For example,
Zimmer-Hart and Rescorla (1974) have
found that a stimulus established as an
inhibitor maintains its inhibitory properties
in spite of being presented repeatedly in
isolation. According to the theory, such a
CS has a negative V, and since it is presented
in the absence of a US, X will be zero. It
follows from Equation 2 that there will be
trial-to-trial increments in V until it, too,
reaches zero and the associative strength
and the asymptote are no longer discrepant.

Problems of this sort have prompted
Rescorla (e.g., 1979) to accept an account
of inhibition based on the work of Konorski
(1948), an account that has the advantage
of being open to a relatively simple psycho-
logical interpretation. The suggestion is that
an inhibitory CS does not possess negative
associative strength but rather functions by
raising some threshold that an excitatory
CS must exceed before its effects can become
evident. This view not only solves the
problem of why a nonreinforced inhibitor
should fail to extinguish, but it also fits
very well with the observation that inhibitors
are largely ineffective in the absence of
excitatory stimuli, hence the need for special
tests to demonstrate their properties (Res-
corla, 1969).

But we should not accept too readily the
view that conditioned inhibitors lack re-
sponse-eliciting powers. Consider the fol-

lowing experiment by Wasserman, Franklin,
and Hearst (1974). (See also Hearst &
Franklin, 1977). They established a lighted
key as an inhibitor for pigeons by presenting
food in its absence but not in its presence
and demonstrated that the birds developed
the behavior of withdrawing from the key
when it lighted up. It is difficult to see how
the raising of an excitatory threshold could
produce an explicit withdrawal; instead
we should give consideration to the idea that
inhibitory training procedures may result
in some independent form of learning that
can, in certain circumstances, show itself
directly in behavior.

A Possible Solution

Konorski (1967) has suggested that just
as a positive correlation results in an asso-
ciation between representations of CS and
US, so a negative correlation results in the
formation of an association between CS and
a representation of no US (US). We intend
to develop our own version of this view.
It allows us to argue that inhibitory learning
goes on when effective representations of a
CS and of US are present in the processor,
that is, to deal with inhibitory learning in
much the same way as we dealt with excit-
atory learning. It is necessary, therefore,
to_say a little more about the nature of a
US representation, about what events acti-
vate it, and how it influences behavior
once activated.

We first assume that a US representa-
tion is activated only by the omission of
an expected US, that is, one that is pre-
dicted by some excitatory CS. There are
good precedents for the suggestion that the
omission of an expected reinforcer is an
effective event. Thus, Amsel (1958) sug-
gested that the nonoccurrence of expected
food will generate the emotional state of
frustration; similarly, Denny (1971) holds
that the nonoccurrence of anticipated
shock will produce the emotional response
of relaxation. These states may be regarded
as_unconditioned responses produced by a
US. The experiments of Wasserman et al.
(1974) show that previously neutral stimuli
associated with these states may become
capable of evoking overt behavior. A stimulus
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associated with the state of frustration
produced by the omission of expected food
can come to evoke a conditioned with-
drawal response. It is possible that inhibitory
stimuli for USs other than food may be
capable of eliciting CRs, but the appropriate
tests for demonstrating such a phenomenon
have yet to be done.

We shall assume, therefore, that the oc-
currence of a US will, as with any excitatory
US, gain automatic access to the processor
and be processed along with any CS repre-
sentation that is currently activated. The

outcome of such processing will be an asso-
ciationbetween the CS and what we refer to
as a US memory. The subsequent arousal
of this memory by an inhibitory CS may lead
to the occurrence of an inhibitory conditioned
response (CR).

A cardinal feature of inhibitory CSs is
their ability to diminish the CRs elicited
by excitatory stimuli for the same US,
a feature that has led to the development of
the retardation procedures (Rescorla, 1969)
as tests for the presence of conditioned
inhibition. To account for this property
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Figure 2. A possible information flow diagram for both excitatory and inhibitory conditioning on trial n
(a trial other than the first trial with the conditioned stimulus [CS]). (Symbols alongside links
indicate the level of activity, where appropriate, induced in the representations to which they lead.
US = unconditioned stimulus [see text for further explanation].)
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we again follow Konorski (1967) and propose
that there exists an inhibitory relationship
between US and the US memories for a
given reinforcer, so that if they are both
excited simultaneously, activity in the US
memory will inhibit activity in the US
memory. Since the level of activity in the
US memory is directly related to the strength
of the CR it elicits, it follows that presenting
the appropriate inhibitory CS with an excit-
atory CS can reduce the strength of the
response elicited by the latter. This rela-
tionship is expressed in the right-hand
portion of Figure 2, an extended version of
Figure 1, that also includes the mechanism,
still to be discussed, for determining the
magnitude of US.

A Formalization

Our account of excitatory learning states
that the increase in associative strength
produced by a conditioning trial is deter-
mined by the salience of the CS, its associ-
ability, and the intensity of the reinforcer.
We intend to apply these ideas almost un-
altered to the inhibitory case. We do this in
Equation 11:

AVA = S A - a A - X , (ID

which is simply a rewritten version of Equa-
tion 9, the equation determining the course
of excitatory conditioning. The value AVA
represents the increment in the strength of
a CS-US association for CS, A; X repre-
sents the intensity of the reinforcer, the
omission of the expected US. We have
stated that the activation of a US representa-
tion will inhibit that of a US representa-
tion. In the absence of any direct evidence,
we shall make the most straightforward
assumption that a simple subtractive rela-
tionship governs this inhibitory interaction,
that the value V should be subtracted from
the value V, the strength of which deter-
mines the strength of any excitatory CR.

Intensity of the inhibitory reinforcer.
The intensity of the excitatory reinforcer is
given directly as X; that of the inhibitory
reinforcer requires more discussion, since
X is not directly produced by an environ-
mental event but is rather the frustration

(or relief) produced when some anticipated
event fails to occur. Having said that the US
representation is active when a predicted
US fails to occur, we assume that the strength
of this activation will be determined by the
strength of the US that is predicted; that
is, X will depend on the associative strengths
of such excitatory stimuli as are present
(Vy. Experimental studies of a phenomenon
that has been called "overexpectation"
(Kremer, 1978; Rescorla, 1970; Wagner,
1971) allow us to specify this relationship
more precisely. These studies have shown
that when two stimuli that have each been
separately paired with a US are presented
in compound along with the same US, there
is a reduction in the measured associa-
tive strength of each element. Moreover,
the study by Kremer (1978) shows that a
novel stimulus introduced on the compound
trials requires inhibitory properties. It
appears, therefore, that the effective re-
inforcer for inhibitory learning is not simply
the absence of the US but rather the absence
of a US as intense as that predicted. Given
the inhibitory relationship between V and
V, the predicted intensity of the US will
be given by (Vz -_££) when stimuli as-
sociated with the US memory are pres-
ent. The value of X seems therefore to
be set according to an equation of the sort
given below:

- x. (12)

Obviously, in normal inhibitory condition-
ing procedures, where the US is not pre-
sented, X will simply be equal to V^ - Vs,
and given this we shall still refer to no-US
representations.

Returning to Figure 2, it is evident from
Equation 12 that the magnitude of the US
input is given by the discrepancy between
the activity in the US memory and that in
the US input. This has been represented by
placing a comparator between these two
centers, the output of which feeds into the
US input. We must obviously stipulate
that this comparator will be operative only
when activity in the US memory exceeds
that in the US input.

Associability changes in inhibitory condi-
tioning. In our earlier discussion of the
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experiment by Hall and Pearce (Note 2) we
have already pointed out how the omission
of a predicted shock can restore the associ-
ability of a stimulus. This follows directly
from Equation 8, which specifies that a is set
by the discrepancy between the intensity
of the US and the intensity predicted by the
CS. The present discussion enables us to
refine this formulation. We have argued
that a discrepancy between the intensity of
the US and the predicted intensity will
establish a representation of US (but only
when Vs exceeds X) and thus allow CS -
US processing to occur. Accordingly, the
strength of any such association must be
taken into account in determining the value
of a, and we may rewrite Equation 8 in the
more general form of Equation 13:

«A
n = X" (13)

Note that the value of the expression given
in Equation 13 will be numerically equivalent
to the value for the inhibitory reinforcer,
X, as given by Equation 12. That is to say
that the size of the inhibitory reinforcer
depends on the amount of relief produced
by the omission of an expected shock, for
example; likewise, the associability of a
stimulus for the next trial, which we have
said will depend on the difference between
what is predicted on a given trial and what
actually happens, is also determined by the
amount of relief that occurs.

Application of the Model

Extinction

The proposed view of inhibition leads
to an interpretation of extinction that differs
from that adopted by certain other accounts
of conditioning. These (e.g., Rescorla &
Wagner, 1972) suggest that extinction con-
sists of the weakening of previously estab-
lished associations, whereas we regard
extinction as a newjbrm of conditioning,
the reinforcer being US. The existing CS-US
association is not lost as a result of the
omission of the US. Rather, a new CS-US
association is formed, which by virtue of
the inhibitory link between the US and US
memories leads to a reduction in the strength
of the CR. Learning during extinction,

according to this model, will cease for two
reasons. As the strength of the inhibitory
association, V, increases with continued
nonreinforcement, the difference between V
and V will approach zero, at which point
a, according to Equation 13, and X, accord-
ing to Equation 12, will also equal zero.
Learning will thus cease both because the
inhibitory reinforcer is no longer present
and because the CS is no longer permitted
access to the processor.

This model makes an interesting pre-
diction about the course of learning during
the initial trials of extinction. If during pre-
vious excitatory conditioning the associa-
tive strength of the CS has come near to
asymptote, then its associability will be low
on the first extinction trial, and little in-
hibitory learning can be expected. It should
be possible, however, to enhance the rate
of extinction by making some change in the
reinforcement parameters on the last trial
of acquisition, since such a change would
restore the associability of the CS and would
allow rapid learning to take place on the
immediately succeeding trials. Indeed, even
an increase in the size of the reinforcer
should hasten the course of subsequent
extinction (just as, in the experiment by
Hall & Pearce, Note 2, omission of an
expected shock was shown to be capable of
enhancing further excitatory learning).

As a test of this prediction, we have
carried out an experiment (Hall & Pearce,
Note 3) in which two groups of rats were
given conditioned suppression training in
which a tone was paired with a relatively
weak electric shock. One (control) group
then received extinction trials with the
tone presented alone. The second ("sur-
prise") group received an unexpected
stronger shock on its last conditioning trial.
We predicted that extinction would pro-
ceed rapidly for the second group, since
the discrepancy between V and X estab-
lished on the last trial of acquisition will
restore the lost associability of the CS.

The results confirmed this prediction. On
the first extinction trial, responding was
slightly more suppressed by the tone in the
surprise group than in the control group. As
extinction progressed, however, there was a
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more rapid loss of suppression by the sur-
prise group so that these subjects were
significantly less suppressed than the con-
trol group on the later trials of extinction.

Conditioned Inhibition

In the procedure typically used to establish
conditioned inhibition, one stimulus (A) is
established as an excitor and then a second
stimulus (B) is added, the AB compound
not being followed by the reinforcer. The
acquisition of inhibition by B is explained
in much the same way as in the acquisi-
tion of inhibition during the simple extinc-
tion of an excitatory CS. It differs only
in that the associability of the stimulus in
question will in this case already be quite
high at the beginning of inhibitory training,
also, in that the activity in the US memory
(V)i_which is responsible for the activation
of US, is brought about by the presence
of the other stimulus, A.

We should also consider the case in which
a third stimulus, C, that has already been
established as an inhibitory CS, is added to
the AB compound, the whole being pre-
sented without being followed by a US. In
this case the omission of the US will be
predicted by Stimulus C. Indeed, if the
associative strength of Stimulus A for the
US and_the associative strength of Stimulus
C for US are roughly the same, it follows
from Equation 13 that the associabilities
of the stimuli present will fall to near zero, as
a result of the first nonreinforced com-
pound trial. This will be true for Stimulus B,
and thus little strength will be acquired by
B as a signal for US on subsequent com-
pound trials. In other words, the presence
of a stimulus that predicts nonreinforcement
should be able to block the acquisition of
inhibition by Stimulus B. This effect has
been demonstrated experimentally by Suiter
and LoLordo (1971).

Our account meets no difficulty with the
fact that presentation of an inhibitor in
isolation does not extinguish its inhibitory
power. The view being proposed here is that
extinction occurs when a CS enters into
an association with a representation antago-
nistic to that underlying acquisition. Thus,

the extinction of a conditioned inhibitor will
occur only in circumstances that ensure the
formation of an association with some repre-
sentation of the US.

Supernormal Conditioning

By virtue of the fact that activation of the
US memory influences the activity of the US
memory, it is possible for the presence of an
inhibitory CS to influence the course of
excitatory conditioning. In particular, ex-
citation of the US memory will suppress
activity in the US memory, and as a result,
any discrepancy between the US memory
and the US actually presented will be greater
than normal. Since this discrepancy deter-
mines the associability of the excitatory
CS on subsequent trials, it follows that the
development of the associative bond will
progress more rapidly and reach a higher
asymptote when conditioning takes place in
the presence of an inhibitory CS than it would
in the absence of such a CS. It is gratifying
to note that this type of result has been found
in experiments on "superconditioning"
(Rescorla, 1971).

Summary and General Comments

In the preceding sections we have de-
veloped and modified our original model.
It is appropriate at this point, therefore,
to give a concise and fairly abstract summary
of the model in its final form.

The model is essentially one that de-
scribes how the likelihood of a CS (A) being
processed («A) changes as a result of experi-
ence. The value of aA on a given trial n is
given by the absolute value of the dis-
crepancy between the intensity of the US
occurring on the previous trial and the
extent to which this US is predicted on that
trial. Thus,

a it —
A — (14)

where A. represents the intensity of the US,
and VT the aggregate associative strength
of all stimuli present on that trial; that is,
Vj; - V£, where V£ is the total associative
strength of all excitatory CSs and Vs is
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the total associative strength of all inhib-
itory CSs.

When the CS has an a value that assures
that it receives processing, the change in
associative strength that it undergoes on a
given trial is determined according to Equa-
tion 9, where SA is the salience of the CS,
X the intensity of the US, and aA is given
by events on the previous trial as in Equa-
tion 13.

When a US is omitted or is less intense
than that predicted by the stimuli that are
present, the inhibitory reinforcer (X) is held
to occur, its value being given by Equa-
tion 12:

= (Vs - - X.

Inhibitory learning then occurs according
to Equation 11.

Further Factors Governing
CS Associability

According to the model as it has been
presented, the associability of a CS is deter-
mined exclusively by the events that oc-
curred on the immediately preceding trial.
This simplification allowed us to present the
model in a relatively straightforward way,
but it is now necessary to discuss other
factors that are likely to determine the
associability of a stimulus.

First, it seems likely that events on several,
perhaps many, of the preceding trials will
influence the associability of a CS on a
given conditioning trial. This would serve
the purpose of minimizing the disruptive
influence of chance or atypical CS-US
pairings. We might assume, for instance,
that the "a store" shown in the figures
stores not just the value specified by the
immediately preceding trial but also the
values resulting from some fixed number (c)
of earlier trials. The value of a on trial n
would then be given by some average of
these values as in Equation 15,

« = - X - VT (15)

or perhaps by some more complex averaging
system that gave greater weight to more
recent than to more remote trials.

Extending the model in this way does not
radically alter its application to the experi-
ments considered earlier. Thus, the acquisi-
tion of excitation or of inhibition will take
place as originally specified, but Equation
16 means that the changes in associability
will be less rapid. The analysis of blocking
also will not be affected. Only in the case of
latent inhibition does the modification
embodied in Equation 15 markedly change
the predictions of the model. In discussing
this phenomenon we noted that the model
incorrectly predicts that one nonreinforced
presentation of a neutral stimulus is suf-
ficient to produce maximal latent inhibition.
In contrast, by using Equation 15, the model
predicts that the effects of latent inhibition
will be determined by a number of reinforced
presentations of the CS. Since an reflects
a mean value computed from |\ — VT| for
each of the preceding trials, it follows that
the greater the number of such trials on which

X - VT | is equal to zero, the more slowly
will a increase during subsequent condi-
tioning.

Next, we must acknowledge the possibility
that factors other than its immediate history
of conditioning may determine the associ-
ability of a CS. There is increasing evidence
that the nature of the US may influence CS
associability. The bulk of this evidence
comes from work on conditioned taste
aversions where it has been shown that USs
that produce illness may be preferentially
associated with some CSs rather than others,
but there is also evidence (e.g., see LoLordo,
1979) that effects of this sort are not restricted
to the taste aversion paradigm. These effects
may not be the result of the subjects' past
experience with the stimuli (but see Mackin-
tosh, 1973), and if so, they cannot be ex-
pressed within our model by changes in the
parameter a. Perhaps, then, the parameter
S, in addition to being determined by the
intensity of the CS, is also influenced by the
nature of the US. 5 may be low for an auditory
CS for pigeons when the US is food but high
when the US is electric shock. Of course,
this is by no means a full explanation, but
it does make clear that our model allows a
distinction between two kinds of associ-
ability. On the one hand there are condi-
tioned changes in associability (in a) brought
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about by surprising or expected events; on
the other, there are differences in associ-
ability that are more enduring in nature and
are evident from an early stage in the animal's
development. It may be necessary to invoke
this second sort of associability to explain
the recent findings of Testa (1975) and of
Rescorla (e.g., Rescorla & Cunningham,
1979; Rescorla & Furrow, 1977) that learn-
ing may be facilitated when the events to be
learned about are closely similar or are
spatially contiguous.

Associability, Learning, and Performance

We do not intend to discuss the way in
which activation of a US (or US) representa-
tion produces changes in behavior; rather,
we want to elucidate the relation between
the associability of a CS and the performance
of the CR.

We have taken the associability of a CS
as being a measure of the likelihood that it
will gain access to some limited capacity
processor. Ideas of this general sort have
been common in models of human informa-
tion processing (e.g., Broadbeht, 1958) and
have been transferred to recent models of
associative learning in animals (e.g., Wagner,
1976, 1978). the animal models have uni-
formly assumed, however, that a stimulus
must gain access to the processor if it is to
elicit any response. But this is an assump-
tion that we cannot make for a number of
reasons. To take the simplest, our model
suggests that when the associative strength
of a CS has reached asymptote so that the
probability or strength of the CR is at its
maximum, the associability of the CS will be
zero. Thus, we suggest that a stimulus may
evoke a response even though it fails to
engage the mechanisms concerned with
associative learning.

This suggestion receives some support
from more recent accounts of human infor-
mation processing (LaBerge, 1975; Schneider
& Shiffrin, 1977; Shiffrin & Schneider,
1977). These theorists have adopted the
view that alternative strategies may be avail-
able to the subject when a stimulus is pre-
sented. A controlled processing strategy
will be used when the stimulus is novel or
is presented in the context of a relatively

unfamiliar task. This strategy permits the
subject to learn about the stimulus and its
relationship to other events, and it is pro-
cessing of this sort that requires the use of
the limited capacity processor. But once the
subject is familiar with the task, it is as-
sumed that an automatic processing strategy
can be used that bypasses the central proces-
sor. In this terminology, the loss of asso-
ciability of a CS is regarded as a transition
from controlled to automatic processing.

Evaluation of The Model

In the first part of this article, we reviewed
a number of recent theories of learning and
outlined some of the evidence that we
considered to be incompatible with them.
Our model possesses the advantage of being
able to overcome these difficulties, but how
does it fare in a more general comparison
with these theories? On a favorable note, the
model was able to generate two novel
predictions that we have confirmed, and it is
not clear that these results are compatible
with other theories concerned with changes
in associability. In both experiments we
demonstrated that a surprising event can
restore the associability of a CS. This is
clearly not consistent with Mackintosh's
(1975b) theorizing, since the CS should not
have lost associability in the first place.
Moreover, recall that Wagner (1976, 1978)
maintained that the associability of a CS
is inversely related to the strength of an
association between the CS and the context.
It is very difficult to see how a surprising
shock omission (Hall & Pearce, Note 2) or
shock increase (Hall & Pearce, Note 3)
after a CS can reduce the strength of the
association between the CS and the context
and thus restore associability.

Having said this, we must admit that there
are features of both Wagner's and Mackin-
tosh's theories that enable them to explain
data that are incompatible with our theory
as it currently stands. Mackintosh (1973,
1975b) has argued that changes in associ-
ability are reinforcer specific, so that a CS
may be high in associability for food but low
in associability for shock. In our model this
dual associability is not possible, and the
model is therefore incapable of explaining
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the recent finding by Dickinson and Mackin-
tosh (1979). They demonstrated that the as-
sociability of a stimulus followed by sur-
prising food remained high for future con-
ditioning involving food but not for future
learning involving shock. One way for our
model to accommodate this result is to
propose that there are separate processors
for learning about different reinforcers such
as food and shock.

A further problem is posed by the evidence
showing that the low associability of a
stimulus can be restored by presenting it in a
novel context (e.g., Dexter & Merrill,
1969; Lantz, 1973; Lubow, Rifkin, & Alek,
1976). This result accords exactly with
Wagner's theorizing but is inconsistent
with our own, since we argue that associ-
ability can only be restored by pairing the
stimulus with a surprising event. One method
for explaining this finding can, however,
be developed by assuming that the context
in which a stimulus occurs forms a part of
the information by which the stimulus is
encoded. Thus, presenting a familiar stimulus
in a novel context will be equivalent to
presenting subjects with a different or novel
stimulus, and thus we would expect its
associability to be high.

We have proposed that the amount of
learning is determined by the amount of
simultaneous processing that the representa-
tions of the CS and US receive in the pro-
cessor. We should not expect, therefore,
that the occurrence of a surprising event
soon after a conditioning trial would influence
learning on that trial. But this is the sort
of result that has been reported by Wagner,
Rudy, and Whitlow (1973) and Kremer
(1979). Wagner et al. suggested that their
result occurred because the processor is of
limited capacity and that the surprising
events restricted the amount of rehearsal
allotted to the preceding learning experience.
If we are to accommodate this type of result,
then it may be necessary to assume first that
the processor in our model is also of limited
capacity, and second, that learning about two
events continues even after the termination
of these events. However, the conditions
leading to the overloading of the processor
need to be specified precisely before we
can resort with any justification to the sort of
explanation provided by Wagner et al.
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