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to realize that both groups in this experiment
received exactly the same number of pairings of
T and shock. Because of the equal number of
pairings, the frequency principle predicts that
conditioning to T should be equally strong in
the two groups. However, Kamin obtained a
strikingly different result: Whereas he observed
a strong CR to T in the control group, he
recorded essentially no conditioned responding
at all to T in the blocking group. Because the
only difference between the two groups was
that the blocking group received conditioning
trials with L. in Phase 1 but the control group
did not, Kamin concluded that this prior condi-
tioning with stimulus L. somehow “blocked”
the later conditioning ot stimulus T. Since
Kamin’s pioneering work, the blocking effect
has been demonstrated in numerous experi-
ments using a variety of conditioning situa-
tions, with both animal and human subjects
(for example, Goddard & Jenkins, 1988; Mar-
tin & Levey, 1991).

An intuitive explanation of the blocking ef-
fect is not difficult to construct: To put it sim-
ply, stimulus T" was redundant in the blocking
group; it supplied no new information. By the
end of Phase 1, subjects in the blocking group
had learned that stimulus L was a reliable pre-
dictor of the US—the US always occurred
after L, and never at any other time. The addi-
tion of T to the situation in Phase 2 added
nothing to the subject’s ability to predict the
US. This experiment suggests that condition-
ing will not occur if a CS adds no new infor-
mation about the US.

This experiment demonstrates that condi-
tioning is not an automatic result when a CS
and a US are paired. Conditioning will occur
only if the CS is informative, only if it is pre-
dictive of something important, such as an up-
coming shock. This view seems to imply that
the subject has 2 more active role in the condi-
tioning process than was previously thought—
the subject is a selective learner, learning about
informative stimuli and ignoring uninforma-
tive ones. For two psychologists, Robert
Rescorla and Allan Wagner (1972), the block-
ing effect and related findings underscored the
need for a new theory of classical conditioning,
one that could deal with these loose notions of
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You can try an interactive simulation of sali-
vary conditioning that demonstrates acquisi-
tion, extinction, and blocking at hitp://www.
uwm.edu/People/johnchay/cc.htm.

informativeness and predictiveness in a more
rigorous, objective way. The results of their
collaborative efforts was the Rescorla-Wagner
model, now one of the most famous theories of
classical conditioning.

The Rescorla-Wagner Model:
Basic Concepts

The Rescorla-Wagner model 1s a mathe-
matical model about classical conditioning,
and because of its technical nature, it can be
quite challenging to understand. The next sec-
tion will present the quantitative details of the
model. However, the basic ideas behind the
theory are quite simple and reasonable, so let
us begin by examining these ideas in an infor-
mal way. This section is designed to give you a
good understanding of the concepts behind
the model without using any equations.

Classical conditioning can be viewed as a
means of learning about signals (CSs) for im-
portant events (USs). The Rescorla-Wagner
model is designed to predict the outcome of
classical conditioning procedures on a trial-by-
trial basis. For any trial in which one or more
CSs is presented, the model assumes that there
can either be excitatory conditioning, in-
hibitory conditioning, or no conditioning at
all. According to the model, two factors deter-
mine which of these three possibilities actually
occurs: (1) the strength of the subject’s expec-
tation of what will occur, and (2) the strength
ot the US that is actually presented. The
model is a mathematical expression ot the con-
cept of surprise: It states that learning will
occur only when the subject is surprised—that
is, when what actually happens is different
from what the subject expected to happen.
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You should be able to grasp the general idea
of the model it you learn and understand the
following six rules:

1. If the strength of the actual US is greater than
the strength of the subject’s expectation, all
CSs that were paired with the US will receive

excitatory conditioning.

2. If the strength of the actual US is less than the
strength of the subject’s expectation, all the
CSs that were paired with the US will receive
some inhibitory conditioning.

3. If the strength of the actual US is equal to the

strength of the subject’s expectation, there will
be no conditioning.

4. 'The larger the discrepancy between the
strength of the expectation and the strength of
the US, the greater will be the conditioning
(either excitatory or inhibitory) that occurs.

5. More salient (more noticeable) CSs will condi-
tion faster than less salient (less noticeable)

CSs.

6. If two or more CSs are presented together, the
subject’s expectation will be equal to their total
strength (with excitatory and inhibitory stimuli
tending to cancel each other out).

We will now examine several different exam-
ples to illustrate how each of these six rules ap-
plies in specific cases. For all of the examples
below, we will imagine that a rat receives a con-
ditioning procedure in which a CS (light, tone,
or similar stimulus) is paired with the presenta-
tion of food as a US. In this conditioning situa-
tion, the CR is activity, as measured by the rat’s
movement around the conditioning chamber
(which can be automatically recorded by move-
ment detectors). In actual experiments using
this procedure, the typical result is that as con-
ditioning proceeds, the rat becomes more and
more active when the CS is presented, so its
movement can be used as a measure of the
amount of excitatory conditioning.

Acquisition. Consider a case in which a
light (L) is paired with one food pellet. On the
very first conditioning trial, the rat has no ex-
pectation of what will follow L, so the strength

of the US (the food pellet) is much greater than
the strength of the rat’s expectation (which is
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zero). [herefore, this trial produces some exci-
tatory conditioning (Rule 1). But conditioning
is rarely complete after just one trial. The sec-
ond time L is presented, it will elicit a weak ex-
pectation, but it is still not as strong as the ac-
tual US, so Rule 1 applies again, and more
excitatory conditioning occurs. For the same
reason, further excitatory conditioning should
take place on trials 3, 4, and so on. However,
with each conditioning trial, the rat’s expecta-
tion of the food pellet should get stronger, and
so the difference between the strength of the
expectation and the strength of the US gets
smaller. Therefore, the fastest growth in excita-
tory conditioning occurs on the first trial, and
there is less and less additional conditioning as
the trials proceed (see Rule 4). Eventually,
when L elicits an expectation of food that is as
strong as the actual food pellet itself, the
asymptote of learning is reached, and no fur-
ther excitatory conditioning will occur with any
additional I.-food pairings.

Blocking. Continuing with this same ex-
ample, now suppose that after the asymptote
of conditioning is reached, a compound CS of
L and tone (T) are presented together and are
followed by one food pellet. According to Rule
6, when two CSs are presented, the subject’s
expectation i1s based on the total expectations
from the two. T is a new stimulus, so it has no
expectations associated with it, but L produces
an expectation of one food pellet. One food
pellet is in fact what the animal receives, so the
expectation matches the US, and no additional
conditioning occurs (Rule 3). That is, L retains
its excitatory strength, and T retains zero
strength.

This, in short, 1s the model’s explanation of
the blocking effect: No conditioning occurs to
the added CS because there is no surprise—the

strength of the subject’s expectation matches
the strength of the US.

Extinction and Conditioned Inbibition.
[Let us now think about a slightly different ex-
ample. Suppose that after conditioning with L
has reached its asymptote, the rat receives tri-
als in which L. and T are presented together,
but no food pellet is delivered on these trials.



This is an example in which Rule 2 applies:
The strength of the rat’s expectation will ex-
ceed the strength of the actual US. This is be-
cause the previous training with L. will give the
rat a strong expectation of food, yet the
strength of the actual US is zero (since no US
is presented on these extinction trials). Ac-
cording to Rule 2, both CSs, L and T, will ac-
quire some inhibitory conditioning on these
extinction trials.

Let us be clear about how this inhibitory
conditioning will aftect L and T. Because L
starts with a strong excitatory strength, the tri-
als without food (and the inhibitory condition-
ing they produce) will begin to counteract the

- excitatory strength. This 1s merely an example

of extinction: Presenting an excitatory CS
without the US will cause the strength of the
CS to weaken. In contrast, T begins this phase
with zero strength, because it has not been pre-

i sented before. Therefore, the trials without

food (and the inhibitory conditioning they pro-
duce) will cause 'I’’s strength to decrease below
zero—it will become a conditioned inhibitor.

Overshadowing. In a conditioning experi-
ment with a compound CS consisting of one
intense stimulus and one weak one, Pavlov dis-
covered a phenomenon he called overshad-
owing. After a number of conditioning trials,
the intense CS would produce a strong CR if
presented by itself, but the weak CS by itselt
would elicit little if any conditioned respond-
ing. It was not the case that the weak CS was
simply too small to become an effective CS,
because if it were paired with the US by itself,
it would soon elicit CRs on its own. However,
when presented in conjunction with a more in-
tense CS, the latter seemed to mask, or over-
shadow, the former. Overshadowing has been
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observed in experiments with both animal and
human subjects (Spetch, 1995).

The Rescorla-Wagner model’s explanation
ot overshadowing is straightforward. Accord-
ing to Rule 5, more salient stimuli will condi-
tion faster than less salient stimuli. If, tfor ex-
ample, a dim light and a loud noise are
presented together and followed by a food pel-
let, the noise will acquire excitatory strength
faster than the light. When the total expecta-
tion based on both the noise and the light
equal the strength of the food pellet, excitatory
conditioning will stop. Because the noise is
more salient, it will have developed much
more excitatory strength than the light. If the
dim light is presented by itself, it should elicit
only a weak CR.

The Querexpectation Effect. Besides be-
ing able to account for existing data, another
characteristic of a good theory (called fruitful-
ness in Chapter 1) is the ability to stimulate
new research by making novel predictions that
have not been previously tested. The Rescorla-
Wagner model deserves good grades on this
count, because hundreds of experiments have
been conducted to test the model’s predic-
tions. Its prediction of a phenomenon known
as the overexpectation effect is a good case in
point.

Table 5-2 presents the design of an experi-
ment that tests the overexpectation effect.
Two CSs, L. and T, are involved. For Phase 1,
the notation “L*, T*” 1s used to indicate that
on some trials L is presented by itself and fol-
lowed by a food pellet, whereas on other trials
T 1s presented by itself and followed by a food
pellet. The two types of trials, L* and T, are
randomly intermixed in Phase 1. Consider
what should happen on each type of trial. On
L* trials, the strength of the expectation based

TABLE 5-2 Design of an Experiment on the Overexpectation Effect

Group Phase 1 Phase 2 Test Phase  Result
Overexpectation L*,'T" LT" L,T Moderate CRs
Control L™, T Nostimuli L, T Strong CRs




92 Theories and Research on Classical Conditioning

on L will continue to increase and eventually
approach the strength of one food pellet. Simi-
larly, on T~ trials, the strength of the expecta-
tion based on T will grow and also approach
the strength of one food pellet. Note that be-
cause L. and T are never presented together,
the conditioned strengths of both stimuli can
individually approach the strength of one food
pellet.

In Phase 2, rats in the control group receive
no stimuli, so no expectations are changed.
"Therefore, in the test phase, these rats should
exhibit a strong CR to both L and T on the
first several test trials (which are extinction
trials).

The results should be quite different for
rats in the overexpectation group. In Phase 2,
these rats receive a series of trials with the
compound stimulus, LT, followed by one food
pellet. On the first trial of Phase 2, a rat’s total
expectation, based on the sums of the
strengths of L and T, should be roughly equal
to the strength of two food pellets (because
each stimulus has a strength of about one food
pellet). Loosely speaking, we might say that
the rat expects a larger US (two food pellets)
on the compound trial because two strong CSs
are presented, but all it gets is a single food
pellet. Thus, compared to what it actually re-
ceives, the animal has an overexpectation
about the size of the US, and Rule 2 states that
under these conditions both CSs will experi-
ence some inhibitory conditioning (they will
lose some of their associative strength).

With further trials in Phase 2 for the over-
expectation group, the strengths of L. and T
should continue to decrease, as long as the
total expectation from the two CSs is greater
than the strength of one food pellet. When
tested in the next phase, the individual stimuli
- L and T should exhibit weaker CRs in the
overexpectation group because their strengths
were weakened in Phase 2. Experiments have
confirmed this prediction that CRs will be
weaker in the overexpectation group than in
. the control group (Khallad & Moore, 1996;

Kremer, 1978).

The model’s accurate prediction of the
overexpectation effect is especially impressive
because the prediction is counterintuitive. If

Brief tutorials on blocking, overshadowing,
and other topics of classical conditioning can
be found at http://brembs.net/classical.

you knew nothing about the Rescorla-Wagner
model when you examined Table 5-2, what re-
sult would you predict for this experiment?
Notice that subjects in the overexpectation
group actually receive more pairings of L. and
T with the US, so the frequency principle
would predict stronger CRs in the overexpecta-
tion group. Based on the frequency principle,
the last thing we would expect from more CS-
US pairings is a weakening of the CS-US asso-
ciations. Yet this result is predicted by the
Rescorla-Wagner model, and the prediction
turns out to be correct. The overexpectation
effect is only one of several counterintuitive
predictions of the Rescorla-Wagner model that
have been supported by subsequent research.

The Rescorla-Wagner Model:
Equations and Mathematical
Examples

Having examined the Rescorla-Wagner
model in a nonmathematical way, we are now
in a better position to tackle the more difficult
task of learning the mathematical details.

Notation. In the model, the strength of a
US i1s signified by A, and a subscript can be
used to identify exactly what US is presented.
For example, A, could represent the strength
of one food pellet, A, could represent the
strength of two food pellets, and A, could rep-
resent the strength of a trial with no food pel-
lets. The letter V is used to represent the con-
ditioned strength of a CS, and again subscripts
are used to indicate which CS is being dis-
cussed. For example, Vi could be the condi-
tioned strength of a light, and V1 the condi-
tioned strength of a tone. V is positive if the
CS 1s excitatory and negative if the CS is in-
hibitory. Because the subject’s expectation is




said to be based on the total strength of all CSs
that are presented on a given trial, a special
term, V., 15 used to represent this total. The
salience of each CS is designated by S. For ex-
ample, S; could represent the salience of a
| light, and St the salience of a tone. The
| salience of a CS must be a number between (
and 1. Finally, the notation AV (pronounced
“delta V”) refers to the change in strength of a
CS that occurs on a single conditioning trial.
(AVy is the change in strength of the light, and
AV is the change in strength of a tone.)

According to the Rescorla-Wagner model,
on any conditioning trial, the following equa-
- tion can be used to describe the change in
strength of a CS on a single trial:

AVi - Si X (A} — Vsum)

The subscript i refers to any single CS, and
the subscript j refers to any single US. Notice
that the quantity in parentheses, (A; — V),
represents the difference between the strength
of the US and the total strength of the sub-
ject’s expectation (based on the sum of all the
CSs presented on a given trial). AV will be
positive whenever this quantity is positive, 1t
will be negative when the quantity is negative,
and it will be zero when the quantity is zero.
This quantity in parentheses is simply multi-
plied by the salience parameter for the CS to
determine how much excitatory or inhibitory
conditioning is predicted for a single trial.

Although almost anyone could memorize
this equation, for most people it will take more
work to understand how the equation is actu-
ally applied to specific cases. The best way to
gain such an understanding is to use the equa-
tion to make predictions for a variety ot condi-
tioning situations. We will now work through
several such examples, using numerical and
graphic aids to make the predictions concrete.

Because both A, the strength of a US, and
V, the conditioned strength ot a CS, are hypo-
thetical quantities that cannot be directly ob-
served, we can use any convenient scale of
numbers to represent these quantities. To
keep the calculations as simple as possible, we
will arbitrarily assign a strength of 100 to one
food pellet.
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Acquisition. Consider the first condition-
ing trial on which L is paired with one food
pellet. If LL is the only CS present, then V, =
V1, and Vi = 0 because there has been no prior
conditioning with L. For the purposes of this
example, we will set the salience value of the
light, S;, equal to .2. To calculate the amount
of conditioning on this trial, we need to solve
the following equation:

A\]L = SL X (Al — Vsurn)
Inserting the values we have chosen, we get
AVy =.2 x (100 - 0) = 20

Therefore, on this first trial, V; should grow
by 20 units. This process of growth is depicted
oraphically in Figure 5-1.

On trial 2, V| (and therefore V) begins at
20, so the equation becomes

AV = .2 x (100 = 20) = 16

This equation states that on trial 2, Vi will in-
crease by another 16 units, so after two trials,
Vi, = 20 + 16 = 36 (see Figure 5-1). Notice be-
cause of the smaller discrepancy between A,
and Vg, on trial 2, the amount of learning is
smaller than on trial 1 (16 units instead of 20).
Figure 5-1 shows that the increase in V|
should be 12.8 on trial 3, but only 2.7 by trial
10. By the end of trial 10, V; has risen to 89.3,
and with additional trials it would get closer
and closer to the asymptote of 100. To sum-
marize, the Rescorla-Wagner model predicts
that in simple acquisition, the initial increases
in V; will be the largest, and the increments
will become smaller and smaller as the asymp-
tote is approached.

Overshadowing. It is easy to show how
the Rescorla-Wagner model accounts for the
phenomenon of overshadowing. Let us as-
sume that we begin a new conditioning exper-
iment with two CSs, the same light used in
the previous example (S; = .2) and a very loud
noise (salience of the noise = Sy = .5). Figure
5-2 shows the results of several conditioning
trials with this compound CS. On trial 1, V
= VL + Vy =0, so the discrepancy between A,
and Vg, 1s 100, as in the previous example.
Unlike the previous example, however, there
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be incremented, so we need to solve two equa- At the start of trial 2, therefore, the difference
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AV, = 2% (100 = 0) = 20 to 30. The equations for trial 2 are
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first example. For the more salient noise, how- Therefore, total increment in Vg, on trial 2 is
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Figure 5-2 also shows the predictions for trials
3 and 10. Notice that with the two CSs, V.,
approaches A; much more rapidly than in Fig-
ure 5-1, and by trial 10 the increments in
strength are too small to show in the graph.

The model’s prediction of overshadowing
can be seen clearly by comparing the course of
V.. in Figures 5-1 and 5-2. The only difference
between these two conditioning situations is
the addition of the noise in the second exam-
ple. In Figure 5-1, V} has reached a strength
of 89.3 after 10 trials, and with further trials it
will approach 100. In Figure 5-2, V,, has
nearly reached 100 by trial 10, but because the
more salient noise has usurped over 70 units of
strength, V; will never rise above 30. In short,
because the total strength of both CSs in the
compound can never rise above 100 in this ex-
ample, the model predicts that the light will be
overshadowed—the level of conditioning will
never be what it would be in the absence of the
noise.

Blocking. 'The model’s explanation of the
blocking effect is similar to that ot overshad-
owing. Suppose that in a blocking group, stim-
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} Discrepancy Between AO and Vaum
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ulus L receives many pairings with one food
pellet in Phase 1, so that by the end of this
phase, Vi is approximately 100 (assuming once
again that the strength of one food pellet is
100). At the start of Phase 2, the quantity (A, -
V...) will be close to zero, and so there will be
no further changes in conditioned strength for
either stimulus: V; will remain near 100, and
V- will remain at O.

Conditioned Inbibition. Let us return to
the simple case in which a single CS, L, is
paired with one food pellet (A; = 100). Sup-
pose there have been enough acquisition trials
to bring Vi to a value of 90. Now, in the sec-
ond phase of this experiment, a second CS, T,
with a salience the same as L. (St = .2) is pre-
sented in addition to L, but no food pellets are
delivered. Figure 5-3 shows that according to
the model, T should become a conditioned in-
hibitor during these extinction trials. The rea-
son 1s that, despite the presence of T on these
extinction trials, the US will be overpredicted
because of the conditioned strength of L. The
model states that if the US is overpredicted

(that 1s, if Aj is less than V), then the

FIGURE 5-3 Predictions
ot the Rescorla-Wagner
model for a case where T
should become a condi-
tioned inhibitor. Parame-
ter values used were A, =
0, SL = .2, ST = .2, start-
ing value for V| = 90.

Trial 10
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strength of all the CSs present on the trial will
be decremented. Since V- is initially 0, any
decrements in strength will push V1 into the
negative range, making it a conditioned in-
hibitor. T'o be more precise, on trial 1, the fol-
lowing equations apply:

AVL=.2 X(0—90)=-18
AVt =.2%x(0-90)=-18

'That is, on this first extinction trial, V, will
lose 18 units of strength (from 90 to 72), and
V. will also lose 18 units (from 0 to —18).

The second trial shown in Figure 5-3 is the
first example we have encountered in which
both an excitatory CS and an inhibitory CS are
present. With Vi = 72 and V| = -18, Figure
5-3 shows that V., = 54. The following equa-

tions apply to the second extinction trial:
AV, = .2 x(0—54) = ~10.8
AVy=.5 x(0-54) =~-10.8

Therefore, on the second extinction trial, V;
will lose 10.8 units of strength (from 72 to
61.2), and V will lose 10.8 units (from ~18 to
—28.8). With additdonal extinction trials, V;
will become less positive, V will become
more negative, and V,, will approach an as-
ymptote of zero. But notice that at this asymp-
tote (which Figure 5-3 shows is nearly reached
by trial 10), V| retains an excitatory strength
of approximately 50. The inhibitory strength
of V1 is approximately —50, and because there
1s almost no discrepancy between Ay and V,,
there will be almost no further changes in the
assoclative strength of either stimulus with ad-
ditional extinction trials.

Summary. The Rescorla-Wagner model
might be called a theory about US effective-
ness: It states that an unpredicted US is effec-
tive in promoting learning, whereas a well-
predicted US is ineffective. As the first formal
theory that attempted to predict when a US
will promote associative learning and when it
will not, 1t is guaranteed a prominent place in
the history of psychology. The model has been
successfully applied to many conditioning phe-
nomena, but it is not perfect. Some well-estab-
lished phenomena are difficult for the model
to explain. For this reason, other psychologists

have proposed alternative theories of classical
conditioning that are based on fairly different
assumptions about the learning process. We
will examine two types of alternative theories
in the following sections.

Theories of CS Effectiveness

The main assumption of this class of theo-
ries is that the conditionability of a CS, not the
eftectiveness of the US, changes from one situ-
ation to another. A phenomenon called the CS
preexposure effect provides one compelling
piece of evidence for this assumption.

The CS Preexposure Effect. Consider a
simple conditioning experiment with two
groups of subjects. The control group receives
simple pairings of one CS with a US. The only
difference in the CS preexposure group is that
before the conditioning trials, the CS is pre-
sented by itselt a number of times. The com-
parison of interest concerns how quickly con-
ditioned responding develops in these two
groups. The common finding, which has been
obtained with both animal and human sub-
jects, 1s that conditioning proceeds more
rapidly in the control group than in the CS
preexposure group (Lubow & Moore, 1959;
Lipp, Siddle, & Vaitl, 1992; Zalstein-Orda &
Lubow, 1995). A common sense explanation of
this result is that a sort of habituation occurs in
the CS preexposure group—because the CS is
presented repeatedly but initially predicts
nothing, the subject gradually pays less and
less attention to this stimulus. We might say
that the subject learns to ignore the CS be-
cause it is not informative, and for this reason
the subject takes longer to associate the CS
with the US when conditioning trials begin
and the CS suddenly becomes informative.

Although it is a well-established phenome-
non, the Rescorla-Wagner model does not
predict the CS preexposure effect. Let us ex-
amine what the model has to say about the first
preexposure trial, on which the CS is presented
by itself. Since there have been no prior condi-
tioning trials, the CS elicits no expectation at
all, and since no US is presented, the strength
of the US is zero. Because the strength of the
subject’s expectation equals that of the US




