
What may be termed the standard model of classical
conditioning (Hall, 1994; Roitblat, 1987) holds that exci-
tatory associations will be formed when the central rep-
resentations of events are activated concurrently. These
representations (or nodes; e.g., Wagner, 1981) are as-
sumed, for the sake of theoretical convenience, to bear a
direct relationship to the events described by the experi-
menter as stimuli. Thus, the node that corresponds to the
conditioned stimulus (CS) will be activated when that event
is presented to the animal; presentation of an uncondi-
tioned stimulus (US) will generate activity in a separate
node corresponding to that stimulus. There is, however,
a second route by which activity may be generated in a
stimulus node. The existence of an associative link between
nodes functions, according to our standard assumptions,
to allow activation of one node produced, for example,
by the presentation of the CS, to excite activity in the US
node with which it is linked, in the absence of the occur-
rence of the US itself.1 The presence of associatively
generated activity in the US node is responsible for any
conditioned response (CR) that the CS evokes. How this
form of activity results in responding and what deter-

mines the exact form of the CR are interesting questions,
but they will not be pursued here. Rather we shall focus
on the question, What other properties, if any, does an
associatively activated representation possess?

For the most part, theories of associative learning (e.g.,
Pearce & Hall, 1980; Rescorla & Wagner, 1972) have been
able to function perfectly well without addressing this
question at all. It has been enough to use the vigor of the
CR as an index of the strength of the associative link, and
there has been little need to say more about the precise na-
ture of the activity that is produced by way of the link. In
the absence of any specification to the contrary, therefore,
we must assume that these theories accept the view that
has been current in associative thinking for more than a cen-
tury—that the activity induced by way of an associative
link may be less intense than that produced by direct ap-
plication of the US but will not differ from it in quality.
Mill’s (1843/1974, p. 852) statement of the laws of associ-
ation described “secondary mental states” as simply being
the original state in “inferior degree,” “resembling the for-
mer but inferior in intensity.” The implication is, therefore,
that an associatively activated representation will have es-
sentially the same properties as one that is directly acti-
vated by presentation of its own appropriate stimulus.

To assume that direct activation and associative acti-
vation produce the same sort of activity in a node may
seem to make for simplicity in theorizing, but a problem
immediately arises. As Konorski (1967) points out,

there is an essential psychological difference between these
two events, because each gives rise to a distinct mental ex-
perience: whereas the activation of a set of gnostic units [a
node] through the afferent pathway produces the experi-
ence of perception of a stimulus-object concerned, the ac-
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tivation of this set of units through associative pathways
usually produces the experience of its image. (p. 170)

Konorski’s solution to the problem is to point out that
although direct activation may produce just the same
state in a node as does activation via an associative path-
way, direct activation also produces a range of other ef-
fects within the system that associative activation does
not. Direct activation involves changes in the afferent sys-
tem itself, along with activity elicited in the motor sys-
tem concerned with orienting toward the source of the
stimulation. It is this entire package of changes that con-
stitutes perception; an image results when just one as-
pect (activity in the “gnostic unit”) occurs in the absence
of the others. In this way, Konorski is able to accommo-
date the distinction between perception and image while
retaining the assumption that both involve the same sort
of activity in the stimulus node. He is then able to go on
and generate some interesting predictions about the con-
ditions in which associations will be formed.

As we have noted, the standard assumption of asso-
ciative theory is that excitatory connections will form
between nodes that are activated concurrently. In most
conditioning procedures, this will occur because two en-
vironmental events are presented simultaneously (or
close together in time). But other patterns of activation
are possible. In particular, presenting a stimulus that has
been pretrained as a CS for some other event (S1) along
with another, unrelated, stimulus (S2) will mean that di-
rect activation of the node corresponding to S2 will co-
exist with associatively generated activity in node S1.
Konorski’s (1967) analysis, which makes no distinction
between direct and associative activation, implies that this
pattern of activity should result in the formation of exci-
tatory links between the S1 and S2 nodes. If associative
activation of the S1 node is reliably followed by S2, then
an S1→S2 association will be formed so that when S1
is actually presented, it will be be able to evoke the “re-
sponse proper to S2” (Konorski, 1967, p. 294). That is,
the image of S1 should be able to function as a CS. In
other circumstances (not fully specified by Konorski, but
implicitly when the S2 precedes the associative activa-
tion of S1), the image will act as a US; that is, an excita-
tory association will be formed between S2 and the as-
sociatively activated S1 node. S2 will then be able to
evoke the response proper to S1. In Konorski’s terminol-
ogy, S2 becomes a secondary CS, capable of evoking a
secondary CR by virtue of its association with the S1
node that was activated originally by presentation of a
primary CS (Konorski, 1967, p. 288).

An altogether different, and more radical, solution to
the problem of distinguishing perception from image
emerges from the theory of conditioning proposed by Wag-
ner (1981; see also Mazur & Wagner, 1982; Wagner &
Brandon, 1989). This distinguishes two qualitatively dif-
ferent states of activation that may be induced in a stim-
ulus node. The primary state (A1) is activated only when
the relevant stimulus is presented; if a node is activated
associatively, the secondary (A2) state is generated. These

states differ in a number of ways. One important pro-
posal is that type of response evoked by a node in the A2
state may well be quite different from that evoked by the
A1 state. Another, with equally wide-ranging implica-
tions, is that the presence of A2 activity in a node will re-
strict the ability of the node to enter the A1 state when its
stimulus is presented (it is as if the image interfered with
perception). But for our present purposes, the most impor-
tant difference between the two states is that they are as-
sumed to differ in their ability to enter into new associa-
tive links. In contrast to Konorski (1967), Wagner’s (1981)
theory explicitly asserts that the A2 state (the image of
an event) will not support the formation of excitatory as-
sociations. Rather, when one node is directly activated (in
the A1 state) and another is associatively activated (in A2),
an inhibitory link is formed, with the former acquiring the
power to inhibit the latter. The formation and strength-
ening of excitatory links between a pair of nodes will oc-
cur only when A1 activation occurs concurrently in both.

We are faced, therefore, with clear alternative theories
that propose quite different answers to the question (to
use Konorski’s terminology) of whether or not an image
of event will serve as a substitute for direct perception of
the event when it comes to association formation. The
first two sections of this article review the experimental
evidence that might help us to choose between the alter-
natives. They will show, to anticipate, that an image can
indeed function as a CS in some circumstances and that
it might also (although here the evidence is somewhat
less compelling) be able to function as a US. In the next
two sections, we consider the implication of these con-
clusions for some phenomena that have recently been the
subject of experimental and theoretical attention: for ac-
quired equivalence effects and for the processes respon-
sible for perceptual learning. A final discussion concerns
the wider theoretical issues raised by the proposal that
conditioning can occur to an associatively activated stim-
ulus representation.

IMAGE AS CS:
SENSORY PRECONDITIONING
AND RELATED PROCEDURES

In the experiments to be described in this section, sub-
jects experience presentations of a pretrained CS along
with a new US, and evidence is sought for the formation
of an excitatory link between the original associate of the
CS (i.e., the associatively activated image of an event)
and this US. This experimental procedure is essentially a
version of the familiar sensory preconditioning design
and we begin by considering this.

Sensory Preconditioning
The sensory preconditioning procedure involves two

stages. In the first, two stimuli, A and B, are paired; they
may be presented sequentially as A→B (e.g., Prewitt,
1967), or they may be presented as a simultaneous com-
pound AB (e.g., Brogden, 1939; Rescorla, 1980). In the
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second stage, B undergoes orthodox conditioning and is
trained a a CS signaling the occurrence of a motivationally
significant US. A final test reveals the ability of A to evoke
the CR conditioned to B in Stage 2 (see Table 1a). The
standard interpretation of this result makes use of the no-
tion of an associative chain. Stage 1 training, it is as-
sumed, endows A with the ability to activate the repre-
sentation of B; Stage 2 training endows B with the ability
to activate the US representation. Thus, in the test stage,
A is able to elicit the CR by way of the chain A→B→US.

Although the associative-chain account has no serious
rival as an explanation for the sensory preconditioning
effect produced by sequential (i.e., A→B) Stage 1 train-
ing, there is reason to doubt its adequacy when Stage 1
consists of presentations of the simultaneous AB com-
pound. The relevant finding comes from an experiment
by Rescorla and Freberg (1978). They demonstrated that
the sensory preconditioning effect was substantially re-
duced if, after training with the AB compound and be-
fore conditioning with B, the subjects were given expe-
rience of either A alone or B alone. That A-alone trials
should have this effect is not surprising from one point
of view—this procedure is likely to produce extinction
of the A→B link on which the associative-chain mecha-
nism depends. It is not clear, however, why B-alone tri-
als should have the same effect; the B→A association
may be weakened, but this is not taken to be an impor-
tant link in the chain (but see Bolhuis & Honey, 1994).
It seems that some process other than, or in addition to,
the standard associative-chain mechanism plays a role in
this form of sensory preconditioning.

One possibility (originally proposed in this context by
Rescorla & Cunningham, 1978) is that, in the simulta-
neous sensory preconditioning procedure, the image of
the test stimulus becomes a CS for the US. If we accept
that exposure to the AB compound in Stage 1 will es-
tablish a B→A association, then this means that the rep-
resentation of A will be activated when B is presented on
the conditioning trials of Stage 2. If an image can act as
a CS, then the associatively activated representation of A
will be able to form a direct association with the US at
this stage. A will then be able to evoke the CR when the
stimulus itself is actually presented in the test stage. The
fact that the magnitude of the effect suffers when B-
alone trials are interpolated between Stages 1 and 2 of
training follows naturally from this analysis; these trials

will allow extinction of the B→A association necessary
for the image to be evoked during conditioning.

Simultaneous sensory preconditioning thus provides
a first indication that conditioning can occur to an asso-
ciatively activated representation. But this conclusion re-
quires some qualification. First, it should not be sup-
posed that this is the only, or even the main, source of the
effect. The standard associative-chain mechanism could
well play a role in simultaneous as well as sequential sen-
sory preconditioning—certainly, the observation that A-
alone presentations can undermine the sensory precon-
ditioning produced by training with a simultaneous
compound also seems to implicate the A→B association
in this case.2 Second, although Rescorla and Freberg’s
(1978) results are grounds for doubting that the standard
associative account is a complete explanation for simul-
taneous sensory preconditioning, they do not require us
to accept that the effect involves the acquisition of asso-
ciative strength by an image of the test stimulus. These au-
thors (see also Rescorla, 1981; Rescorla & Durlach, 1981)
propose an alternative. They suggest that exposure to the
AB compound has the effect of establishing a unitary rep-
resentation of this event that is perceptually similar to both
A and B. Reinforcing B will thus endow the AB unit with
associative strength that will generalize to A on test. Pre-
sentations of the stimulus elements alone (as in Rescorla
& Freberg’s, 1978, experiment) will disrupt the integrity
of the unitary representation of AB formed in the first
phase of training. As Rescorla (1981) acknowledges, many
features of this account are inadequately specified. None-
theless, the existence of this possibility weakens the case
for concluding that conditioning with an image as the CS
is, even in part, responsible for simultaneous sensory pre-
conditioning. What is needed, given that simultaneous
presentation of the stimuli is taken to be necessary for the
formation of a unitary representation (Rescorla, 1981),
is evidence from a procedure in which the critical stimuli
are presented sequentially. The next section describes such
a procedure.

Backward Sensory Preconditioning
Table 1b presents a variant of the design for a standard

experiment on sensory preconditioning with sequential
presentations of the stimuli (A→B) in Stage 1. As usual,
one of these stimuli is then trained as the CS for a moti-
vationally significant US in Stage 2, and, in Stage 3, the
ability of the other to evoke the CR is assessed. It differs
from the standard procedure only in that it is the stimu-
lus that was presented second in Stage 1 (B in this case)
that is paired with the US in Stage 2 and the first (A) that
is presented on test. For this reason, the procedure can be
regarded as constituting a backward version of sensory
preconditioning. (This term is intended to be purely de-
scriptive; whether or not the procedure involves the for-
mation of backward associations is an issue that will be
taken up later.)

As we have seen, the associative account of the for-
ward sensory preconditioning effect produced by A→B
training, attributes it to an associative chain, the elements

Table 1
Two-Stage Conditioning Procedures

Stage 1 Stage 2 Test

(a) Sensory preconditioning
A→B B→US A

(or AB)

(b) Backward sensory preconditioning
A→B A→US B

(c) Second-order conditioning
B→US A→B A

Note—A and B represent neutral stimuli; US = unconditioned stimulus;
AB indicates the two stimuli presented as a simultaneous compound.
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of which are the A→B association formed in Stage 1 and
the B→US association formed in Stage 2. The backward
procedure, which trains A→US in Stage 2, will not es-
tablish such a chain, and no effect is to be expected on
these grounds. Nor will a Stage 1 training procedure in
which the stimuli are presented sequentially establish the
unitary representation, and so there is no reason to pre-
dict an effect from this source. But the proposal that the
image of stimulus can act as a CS leads to a different
conclusion. According to this notion, the training given
in Stage 2 involves not only a pairing of A with the US
but also a pairing of the US with the image of B (the B
node being associatively activated by way of the A→B
link formed in Stage 1). The formation of a direct
B→US link would then allow B to evoke the CR on test.
A satisfactory demonstration of backward sensory pre-
conditioning would, therefore, provide powerful evi-
dence that an image can function as a CS.

Early studies of the backward sensory precondition-
ing procedure were not encouraging; with one exception,
they failed to find any effect (e.g., Brown & King, 1969;
Coppock, 1958; Tait, Marquis, Williams, Weinstein, &
Suboski, 1969). (Note that the exception, from an ex-
periment by Silver & Meyer, 1954, can be explained in
terms of the formation of an associative chain. In this ex-
periment, the A→B trials given in the first stage were
very closely spaced, allowing the possibility of forward
conditioning between the B that ended one trial and the
A that began the next. The resulting B→A association
would permit B to control the CR by way of the chain
B→A→US.) It remains the case, however, that null results
can never be decisive—the experiments cited above may
have failed to detect the backward sensory precondi-
tioning effect simply because of an inappropriate choice
of procedure and parameters. Indeed, more recent work,
making use of substantially different procedures, has pro-
duced altogether more interesting results.

Image of food as CS, nausea as US. Holland (1981)
reported the first of a series of experiments designed to
explore the possibility that an image (what he referred to
as the representation of an event retrieved from memory)
might serve as a substitute for the event itself in the for-
mation of new associations (see also Holland, 1983, 1990;
Holland & Forbes, 1982a, 1982b). Table 2 outlines the es-
sential features of the training given to the various groups
in Holland’s (1981) Experiment 1. In Stage 1, rats in the
critical experimental group (Group E in the table) re-
ceived orthodox appetitive Pavlovian conditioning in
which the delivery of distinctively flavored sucrose pel-
lets was signaled by a tone. In Stage 2, the rats received
two trials, each consisting of a single presentation of the
tone followed, within the next 5 min, by an injection of
LiCl. Although the detailed procedure is very different
from anything discussed so far (in particular, the use of
a motivationally significant event in the first stage of
training is an innovation), it will be evident that this de-
sign constitutes an example of backward sensory pre-
conditioning, with the tone as A and the food as B. In the
test stage, the rats were offered 100 flavored pellets in

their home cages. As Table 2 shows, subjects in Group E
consumed significantly fewer of the pellets than did sub-
jects in the control groups that had not experienced the
tone–food and food–LiCl pairings. Holland’s (1981) in-
terpretation of this result was as follows. Stage 1 training
endows the tone with ability to evoke a representation of
the food; this representation will be activated associa-
tively in Stage 2 when it is followed by LiCl-induced nau-
sea. The formation of an association between the repre-
sentation and illness is shown by the tendency to reject
this particular food in the test.

The effects generated in Holland’s experiments were not
large—the magnitude of the mediated-conditioning effect
just described was, according to Holland (1990), less than
25% of that generated when equivalent training was given
with the event itself rather than with its associatively acti-
vated representation. But this observation does not in itself
challenge the suggestion that there may be functional iden-
tity between the states produced by direct activation and by
associative activation; it may mean only that the image
tends to be substantially less intense or salient than the per-
cept. What is more, the principle of overshadowing sup-
plies a reason why mediated conditioning is always likely
to be a small effect. Holland’s (1981) procedure required
that the to-be-conditioned image (of food of a given fla-
vor) be evoked by some external event (the tone trained in
Stage 1). The occurrence of the LiCl-induced nausea is
thus predicted by both of these events—the overt CS and
the image of food—allowing the possibility that the pres-
ence of the former will restrict the acquisition of strength
by the latter. The principle of selective association (e.g.,
Garcia, Brett, & Rusiniak, 1989), whereby an internal
malaise appears to be more readily associated with a flavor
than with a distal cue, may act to limit any overshadowing
but does not necessarily eliminate it.

Holland’s (1981) experimental procedure was designed
to take advantage of the phenomenon of selective associ-
ation. Indeed, other procedures that failed to take such ad-
vantage also failed to demonstrate a mediated-conditioning
effect. In his Experiment 3, Holland (1981) conducted a
study analogous to that described above, differing only
in that the US used in Stage 2 was footshock rather than
LiCl. This procedure was effective in establishing a CR
to the cue presented during this stage, but it had no in-
fluence on the rats’ willingness to consume the food that
had been associated with that cue in Stage 1. The failure

Table 2
Outline Design and Results of Experiment by Holland (1981)

Test Results
Group Stage 1 Stage 2 (pellets consumed)

E T→f T→LiCl 71
C1 T→f T→0 94
C2 T→0 T→LiCl 91
C3 f→T T→LiCl 86

Note—E is the Experimental group; the other three groups constitute a
variety of control (C) conditions. T represents a tone; f, a wintergreen-
flavored sucrose pellet; LiCl, an injection of lithium chloride. The test
result is the number of food pellets consumed (out of 100 offered) over
the course of 10 min.
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to observe mediated conditioning with this procedure
raises doubts about the generality of the effect. To
demonstrate that certain phenomena are to be found only
in those learning processes involved in the “gut-defense
system” (Garcia et al., 1989) would be a finding of in-
terest in itself; however, from our present perspective,
which is a concern to establish whether conditioning with
an image of a CS might be a principle of importance in
learning generally, this outcome would be rather disap-
pointing. Accordingly, we (the work was done in collab-
oration with J. Ward-Robinson) have recently undertaken
a series of experiments intended to provide evidence for
mediated conditioning in procedures not involving nausea-
induced conditioned food aversion.

Image of food as CS, shock as US. Holland’s (1981)
failure to establish an aversion to the image of food using
a shock US need not be taken to imply that no food–US
association was formed. An alternative is that the be-
havior established by this association (some form of con-
ditioned fear response) might fail to show itself in the
measure used on the test (the number of food pellets con-
sumed; see Jackson & Delprato, 1974). Accordingly Ward-
Robinson (1994) conducted a study in which the training
procedure followed that used by Holland (1981), but which
made use of a different test procedure. The design is shown
in Table 3. In Stage 1, rats received intermixed trials in
which presentations of a 10-sec auditory cue were followed
by the delivery of a distinctively flavored sucrose pellet
(either “grape” or “banana,” allegedly), and presenta-
tions of a 10-sec visual cue were followed by a pellet of
the other flavor. The pellets were delivered to the same
food tray, and, after 24 trials with each cue, the rats were
reliably approaching the food tray in response to the oc-
currence of either cue. In Stage 2, food deliveries were
discontinued and the subjects received three sessions
each consisting of two trials with one cue (A in Table 3)
followed by footshock and consisting of two nonrein-
forced presentations of the other cue (B). In preparation
for the final test stage, two sessions of pretraining were
given. On each, a single response lever was inserted into
the apparatus (to the left of the food tray in one session,
to the right in the other), and subjects were permitted to
earn 20 pellets on a continuous reinforcement schedule.
One of the levers yielded pellets of the type (x in Table 3)
that had been associated with the reinforced stimulus of
Stage 2; the other yielded type y pellets. The test con-
sisted of a single 20-min session in which both levers
were available, and responding on them produced a food
pellet of the appropriate type according to a variable in-
terval 30-sec schedule.

The results for the test session (group mean total num-
bers of responses to the lever that yielded pellet x and
the lever that yielded pellet y) are shown in Figure 1. It
is evident that animals responded somewhat less readily
on the lever that yielded the pellet that had been previ-
ously paired with the reinforced CS of Stage 2 than on
the other lever. These results are both disappointing and
encouraging. They are disappointing in that the effect
observed was small and evident only under ideal condi-
tions. [The effect shown in Figure 1 interacted statisti-
cally with which of the levers delivered the devalued pel-
let, F(1,14) � 5.87, p < .05, and proved to be significant
only in subjects for whom the right lever delivered this
pellet, t(7) � 2.55, p < .05.] We have conducted several
other experiments of this same general type with changes
in the details of the training or testing procedures, but, in
all, the results have been the same: Having the image of
food with a shock US results in only a small measurable
loss of effectiveness by that food type. On the other hand,
we are encouraged (especially given the previous results
of Holland, 1981) that any effect at all can be observed.
There are many possible reasons why the effect might be
small (perhaps our two food types are difficult for the rat
to discriminate, the appropriate number of reinforced tri-
als in Stage 2 is a matter for guesswork, etc.). But that
there is an effect allows us to draw the important conclu-
sion that conditioning with an image as CS is not a phe-
nomenon restricted to the combination of flavor as CS
and illness as US; there are grounds for thinking, there-
fore, that it involves a process of more general importance.

Image of a neutral stimulus as CS, shock as US. A
further possible reason for the small size of the effects
seen in Figure 1 is, of course, that it requires the animal to
form an association between cue and consequence that,
even with real events rather than images, might be diffi-
cult to establish (Garcia & Koelling, 1966). Holland’s
(1981) solution to this problem was to use poison-induced
nausea as the US when the image of food was the CS.
An alternative is to make use of a standard exteroceptive
event (or rather, its image) as the CS when shock is being
used as the US. This is the strategy we employed in the
experiment outlined in Table 4 (Ward-Robinson & Hall,
in press).

In the first stage of the study, all subjects received
training with two pairs of neutral events, the first imme-
diately preceding the presentation of the second. Over
six sessions, they received 12 A–B trials and 12 C–D tri-
als, enough we hoped, for associations to be formed (not
something we could monitor by observing changes in
overt responding, given the nature of the events used). In
Stage 2, there were two trials of A followed by footshock,
allowing the possibility that the representation of B ac-
tivated by the presentation of A might form an associa-
tion with the shock. No shock was presented with Stim-
ulus C. The consequences of this training were assessed
over a series of three test sessions, each consisting of three
presentations of B and three of D. For the test trials, stim-
ulus duration was increased to 30 sec. Figure 2 shows the
ability of these stimuli to suppress ongoing, food-rewarded

Table 3
Design of Experiment by Ward-Robinson (1994)

Stage 1 Stage 2 Test

A→x A→sh Lever 1→x
and and and

B→y B→0 Lever 2→y

Note—A and B are auditory and visual cues; x and y are distinctively
flavored food pellets.
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responding. Both stimuli evoked some suppression that
diminished over trials, but the effect was substantially and
significantly greater for Stimulus B. [An analysis of vari-
ance (ANOVA) on the data shown in Figure 2 yielded a
significant stimulus � session interaction, F(2,62) � 3.36,
p < .05.] This result is entirely consistent with the notion
that the associatively activated representation of Stimu-
lus B was able to form an association with the shock US
during Stage 2 of training.

The effect demonstrated in Figure 2 is gratifyingly more
substantial than that seen in Figure 1 and thus lends sup-
port to the suggestion that appropriate cue-to-consequence
relations are necessary for a powerful effect to emerge.
This conclusion may be premature, however. The proce-
dure that generated the results of Figure 2 was arrived at
only after a good deal of preliminary work in which a
range of parameters (e.g., stimulus durations and modal-
ities, the number of Stage 2 trials, US intensity, etc.) was
manipulated. The need to juggle parameters in this way
did not surprise us, given that we had no solid informa-
tion to go on as to how best to arrange the concurrent ac-
tivation of an image and a US representation, something
on which their association is deemed to depend. The small
effect seen in Figure 1 may be the result, therefore, not
of an intrinsic reluctance of an image of food to form an
association with a shock US, rather it may simply be that
the particular training parameters used in that study were
less than optimal. Pilot work of the sort that led to the re-
sults of Figure 2 could well reveal a set of parameters that
would generate a powerful mediated-conditioning effect,
even with an image of food as the CS.

The role of backward conditioning. It was argued
above that the backward sensory preconditioning effect
is not to be explained in terms of the operation of an as-
sociative chain—that the A→B and A→US associations
likely to be formed with this procedure do not establish
the required connection between B and the US. But this
is to ignore the possibility that excitatory backward con-
ditioning might occur. If the A→B trials of Stage 1 re-

sulted in the formation of a B→A association in which
B acquired the ability to activate the representation of A,
then the (forward) association of A with the US in
Stage 2 would permit B to evoke the CR on test by way
of the associative chain B→A→US. This analysis finds
no place for conditioning with an image as CS. There
are, however, reasons for doubting that this process is re-
sponsible for the backward sensory preconditioning ef-
fects just described.

First, although backward excitatory conditioning can
undoubtedly occur (see Spetch, Wilkie, & Pinel, 1981,
for a review), it does so only in a rather restricted set of
conditions (e.g., it is usually necessary to give only a few
training trials), and these conditions were not especially
well met in the experiments described above. Second,
Holland (1981) has directly addressed the role played by
the associative chain (which, in his case, would be food→
tone→US) in generating the effect that he obtains. If his
result is a consequence of the formation of a food→tone
association during Stage 1 training with tone→food, then
it might reasonably be supposed that the effect would be
especially likely if animals were given explicit food→
tone trials in this stage. This was just the training given to
Control Group C3 (see Table 2) in Holland’s (1981) Ex-
periment 1, but these animals showed no sign of an aver-
sion to the food after the tone had been paired with LiCl
in Stage 2. The absence of an effect after training de-
signed to allow the effective operation of the associative
chain argues against the idea that such a chain is respon-
sible for the effect seen in the parallel backward sensory
preconditioning procedure, where the likelihood of such
a chain being formed seems rather low (see also the study
by Hall, Ray, & Bonardi, 1993, discussed below).

Given these arguments, the balance of the evidence sug-
gests that the backward sensory preconditioning effect
is probably not to be explained in terms of the operation
of an associative chain. At any rate, it is clear that we need
to take seriously the implications of the idea that the as-
sociatively activated representation of an event can ac-
quire associative strength as a CS. Before exploring this
matter, we first need to consider the evidence from a
closely related set of experiments that bears on the issue
of whether or not an image can function as a US.

IMAGE AS US:
SECOND-ORDER CONDITIONING

The procedure for second-order conditioning is the
same as that for sensory preconditioning, but with the

Figure 1. Group mean test scores for rats in the experiment by
Ward-Robinson (1994). Two response levers (left and right)
yielded different flavored food pellets, one of which had been de-
valued by prior training (see Table 3).

Table 4
Design of Experiment by Ward-Robinson and Hall (in press)

Stage 1 Stage 2 Test

A→B A→sh
and and B and D

C→D C→0

Note—A and C are auditory cues (a clicker and white noise) of 30-sec
duration; B and D are visual cues (bright light or complete darkness) of
1-sec duration in Stage 1; sh represents shock.
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order of the training phases reversed (see Table 1c). That
is, subjects receive B→US in Stage 1 and A→B in Stage 2;
the test phase shows that the stimulus that has not been
directly paired with the US (in this case, A) is capable of
evoking the CR. It is unsurprising, then, that the theo-
retical analysis of second-order conditioning should par-
allel quite closely what has been offered for sensory pre-
conditioning.

First, second-order conditioning, like sensory precon-
ditioning, is susceptible to explanation in terms of the
formation of an associative chain. The procedure outlined
above should be effective in establishing the associative
chain A→B→US, and this supplies a ready explanation
for the ability of A to evoke the CR when this stimulus
is presented alone in the test phase. But again, as for sen-
sory preconditioning, there are experimental results show-
ing that this cannot be the whole story. The critical obser-
vation comes from the finding that, in many cases (e.g.,
Holland & Rescorla, 1975; Nairne & Rescorla, 1981; Ri-
zley & Rescorla, 1972), the ability of A to elicit a second-
order CR appears to be independent of the status of B. In
particular, the second-order CR established in Stage 2 will
often survive a phase of training in which B is presented
alone—training that is effective in extinguishing the
first-order CR and, thus, it may be assumed, in eliminat-
ing the B–US excitatory association that constitutes one
of the links in the associative chain. It was this observa-
tion that led Konorski (1967) to develop his alternative
account of second-order conditioning (and that forms the
basis of his more general assertion that images can enter
into associations). His proposal was that the second-
order CR to A depends on the formation in Stage 2 of an
excitatory association between A and the associatively
activated representation of the US. But before we can ac-
cept second-order conditioning as evidence for condition-
ing with an image as the US, two problems must be dealt
with. First, the procedures for second-order conditioning

can sometimes produce inhibitory learning; a satisfactory
account of the phenomenon must be able to explain why
this should be so. Second, we need to consider an alter-
native, S–R, explanation that has been offered for the re-
sults that cast doubt on the associative-chain hypothesis.

Inhibitory Learning
The standard procedure for establishing a stimulus (A)

as a Pavlovian conditioned inhibitor is to give training in
which reinforced B trials are intermixed with nonrein-
forced trials with the AB compound. It is thus simply a
variant of the second-order conditioning procedure. It
differs in a number of details, but the only factor that has
been established as determining whether the test stimu-
lus will acquire inhibitory rather than excitatory proper-
ties is the amount of training given—excitation is ob-
served early in training, but gives way to inhibition if
training is prolonged (Yin, Barnet, & Miller, 1994). As
Yin et al. observe, this result is consistent with the pos-
sibility that Stimulus B concurrently acquires both exci-
tatory and inhibitory properties but that the development
of the latter proceeds rather slowly so that only with ex-
tended training will it come to outweigh the effects of
the former. To assume that excitatory and inhibitory
learning are governed by different rate parameters is in
no way contentious; the issue for the theorist is to spec-
ify just which features of the training situation generate
excitation and which generate inhibition. In this, neither
of the theories of major interest to us here (those of Wag-
ner and of Konorski) is entirely successful.

The problem for Konorski (1967) is to explain how a
second-order conditioning procedure could ever produce
a CS that is a net inhibitor. The source of the excitation
is, as we have seen, the formation of the excitatory asso-
ciation between the second-order CS and the US repre-
sentation activated by the f irst-order CS. Inhibitory
learning, according to Konorski, also depends on the for-
mation of excitatory associations, but this time between
the CS and a center activated by the absence of the US.
This no-US center is assumed to have inbuilt inhibitory
connection with the US center.3 Although some details
of the process are not fully specified, it appears to be as-
sumed that activation of the no-US center occurs as a
consequence of activation of the US center in the ab-
sence of the US itself. Thus, the second-order procedure
should produce inhibitory as well as excitatory learning.
What is less clear is why there should be a shift, over the
course of training, in the relative strengths of the two as-
sociations so that the (second-order) excitation gives
way to inhibition.

In this training procedure, it is supposed that strength-
ening of the CS–US and CS–no-US associations will go
on together, and, without special assumptions, there is
no obvious reason why the latter should overtake the for-
mer. Indeed, if we accept the plausible notion that the
level of activity in the no-US representation is directly
determined by that in the US representation (the level of
disappointment or relief at the omission of the US being

Figure 2. Group mean suppression ratios for test trials with
Stimuli B and D from the experiment by Ward-Robinson and
Hall (in press). The subjects had experienced B and D preceded
by different signals in Stage 1. In Stage 2, the signal for B was fol-
lowed by footshock (see Table 4).
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set by the strength of the original expectation), then the
most straightforward conclusion is that there will be no
net change in the ability of the CS to evoke the CR. The
basic theoretical difficulty becomes most starkly appar-
ent when we consider simple acquisition and extinction.
Once a CS–US association has begun to form in acqui-
sition, the CS will be able to evoke activity in the US
node that will further strength the connection. This will
be true both during acquisition and in extinction when
the US itself is omitted. Even if we allow that US activity
might eventually give rise to activity in a no-US node, it
is not clear that the inhibitory learning that would then
occur would outweigh the excitation that is also devel-
oping—no asymptote would be reached, and conditioned
responding would be present throughout extinction (see
also Holland, 1983). Evidently, to accept Konorski’s
(1967) account of second-order conditioning will require
a significant reworking of some other of the basic tenets
of his theory as it applies to inhibitory learning.

On the other hand, Wagner’s theory (e.g., Wagner &
Larew, 1985) has no difficulty in predicting that the sec-
ond-order training procedure should generate inhibitory
learning—a central feature of his theory is the notion
that a stimulus accompanying the associative activation
of a US node in the absence of the US itself will acquire
inhibitory properties. Explaining the excitatory compo-
nent is more problematic. The suggestion that B acquires
its power by way of the chain A→B→US can be only a
partial solution, given the evidence (cited above) that, in
many instances of second-order conditioning, no asso-
ciative chain appears to be formed. For these, it is nec-
essary to find some other source for the second-order
CR. The possibility that this might be a process of S–R
learning is discussed next.

The S–R Alternative
As Rescorla (1973) has pointed out, activation of the

US representation is not the only effect likely to be pro-
duced by the presentation of Stimulus B in Stage 2 of a
second-order conditioning experiment. Since this stimu-
lus has been established as a first-order CS, it will be ca-
pable of evoking a CR, and the occurrence of this response
in the presence of A allows the possibility of a link being
formed between S (Stimulus A) and R (the B-evoked
CR). This account, like that proposed by Konorski (1967),
has no difficulty in accommodating the fact that, once the
second-order response has been established, the status of
the first-order CS is immaterial.

It should be made clear at the outset that the relevant
aspect of the CR in this form of learning need not be the
overt response evoked by the first-order CS. Such an in-
terpretation of S–R theory would require, for the relevant
association to be formed, that the target response be
elicited in the presence of Stimulus A. But there are ex-
perimental results that make it necessary to reject any such
strict interpretation. In particular, Nairne and Rescorla
(1981) have demonstrated perfectly good second-order
conditioning with a first-order CS that evoked no obvious

CR. In several experiments, they demonstrated that pi-
geons will develop the response of pecking to a keylight
when this stimulus is associated with a first-order CS (a dif-
fuse cue) that evokes no such response. The S–R theory
needs to assume that, in this case, the relevant response is
not keypecking itself but some central emotional response
or state evoked by the first-order CS as a consequence of
its association with food. (It is possible that the second-
order responding seen in some of these experiments is in
part the result of the formation of an associative chain—
see also Leyland, 1977—but this cannot explain the in-
stances reported by Nairne & Rescorla in which the sec-
ond-order CR survived extinction of the first-order CS.)

It is open to the theorist who accepts the framework
proposed by Wagner (1981) to conclude that second-
order conditioning depends on the formation of an asso-
ciation between the second-order CS and the emotional
response produced when the US node is put into the A2
state by presentation of a first-order CS. But to do so is
to take a significant step toward adopting an important
element of the rival theory. Both this version of S–R the-
ory and the version of S–S theory proposed by Konorski
(1967) accept that the critical association is between the
second-order CS and the associatively generated effects
of the first-order CS; both also accept that these effects
will include, importantly, the arousal of a central affec-
tive state or response. They differ only in that one sup-
poses that the second-order CS comes to activate the US
representation (arousal of the affective state being an in-
trinsic aspect of this activation), whereas the other sup-
poses the association to be with a separate mechanism
that is responsible for organizing the emotional response
engendered by activation of the US representation.

Evidence that might allow us to discriminate between
these alternatives comes from experiments (originally de-
signed to distinguish between the S–R and associative-
chain accounts) in which the value of the US is changed
after the second-order conditioning procedure has been
completed. Thus, for example, Holland and Rescorla
(1975) established a second-order CR in rats with food as
the primary US and then devalued the food by pairing it
with high-speed rotation. Their finding—that the first-
order CR was reduced in magnitude, whereas the second-
order CR was not—was taken to show that the latter is not
mediated by activation of the US representation. Results
of this sort certainly suggest that a direct S–R association
can play a role in some second-order conditioning proce-
dures; however, it is another matter whether they show that
Konorski’s (1967) version of S–S theory should be re-
jected altogether. In the Holland and Rescorla (1975) ex-
periment, the first-order CS evoked an overt CR, and the
evidence for second-order conditioning was the ability of
the second-order CS to evoke this same response. How-
ever, in other procedures in which there is no obvious
overt CR to the first-order CS, S–R learning may be less
important. We may postulate that the critical association
in these preparations is between the second-order CS and
a central emotional response, but, without evidence to the
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contrary, the alternative—that the stimulus directly acti-
vates the US representation—remains a possibility.

Conclusions
This review of some aspects of second-order conditioning

leads to no very satisfactory conclusion. The procedure
allows the possibility that a range of associations will be
formed: between the second-order CS and the first-order
CS, between the second-order CS and the CRs (overt or
central) evoked by the first-order CS, and between the sec-
ond-order CS and the associatively activated representa-
tion of the original US. We have good evidence that, in
some circumstances, the S–R association will be formed
and that, in others, the association between second-order
and first-order CSs is not of importance. No doubt the par-
ticular association that dominates in any given training sit-
uation will be determined by how that situation influences
the relative salience of the various possible associates (see
Holland, 1985). What matters here, however, is the con-
clusion that there is no evidence that compels us either to
accept or to reject the suggestion that one relevant associ-
ation might be between the second-order CS and the
image of the US. For the time being, therefore, we should
continue to entertain the possibility that such associations
can be formed and consider their implications for the phe-
nomena to be discussed next.

ACQUIRED EQUIVALENCE AND
ACQUIRED DISTINCTIVENESS

It has long been held (e.g., since James, 1890) that as-
sociative learning processes might be capable of modi-
fying the ease with which stimuli can be discriminated.
The first clear statement of the idea in its modern form
we owe to Miller and Dollard (1941; but see also Hull,
1939). In their analysis of what they called the acquired
equivalence of cues, they suggested that a pair of cues
would be rendered less discriminable by training in which
each became associated with the same consequence. The
complementary idea of acquired distinctiveness was made
explicit a little later (Miller, 1948)—that training in
which the cues become associated with different events
will render them more readily discriminable. The aim of
this section of the article is to evaluate the possibility that
associative learning about images might constitute the
mechanism of these effects. After a brief review of some
basic demonstrations of the phenomena, an analysis in
terms of image conditioning is offered. The application
of this analysis to further, rather more complex, instances
of acquired equivalence is then discussed.

Demonstration of the Phenomena
The form of training that Miller and Dollard (1941)

had in mind in this context was one in which human sub-
jects learned to apply verbal labels, the cues being given
very different names in distinctiveness training but called
by the same name in equivalence training. The 1950s and
1960s saw the publication of a substantial body of experi-
mental work (reviewed by Hall, 1991) designed to dem-

onstrate that such training can modify the ability of the
subjects to perform further tasks involving the same cues.
With an appropriately chosen test task, the possibility of
direct transfer from the first phase of training can be ex-
cluded (there is no reason, for instance, why having learned
labels for a set of colored lights should directly influence
the subjects’ performance on a choice-reaction task involv-
ing these lights; see, e.g., Gagné & Baker, 1950). Ac-
cordingly, transfer effects can be taken to reflect changes
in the discriminability of the cues. This research left a
number of issues unresolved. Most critically, it failed to
demonstrate that equivalence and distinctiveness train-
ing have their effects by virtue of the associations they
establish (J. J. Gibson & E. J. Gibson, 1955, argued that
the associations formed during discrimination training
were irrelevant and that such training had its effects be-
cause it compelled the subject to attend to distinctive as-
pects of the stimuli). But the reality of the basic effect—
transfer between discrimination tasks that appear to have
nothing in common except the cues involved—was
clearly established by this work.

A demonstration of the phenomenon in animal sub-
jects came early, with the classic study by Lawrence (1949)
of transfer from a simultaneous to a successive discrim-
ination involving the same cues. His results were very in-
fluential (see, e.g., Sutherland & Mackintosh, 1971), but
his interpretation that the transfer observed was a conse-
quence of changes in the distinctiveness of the cues did
not go uncontested (see, e.g., Siegel, 1967, who argued
that specific response patterns acquired in the learning
of a simultaneous discrimination could transfer to and
influence performance on a successive discrimination). We
will consider a more recent attempt to demonstrate the
phenomenon in animals (Honey & Hall, 1989), which,
by making use of classical conditioning procedures, may
escape (at least some of ) the problems that cause trouble
in earlier work. At any rate, experiments using Honey
and Hall’s (1989) general procedure form the focus of
the theoretical analysis to be presented later.

Table 5a presents the design of a three-stage experi-
ment in which the subjects were rats. In Stage 1, all sub-
jects received training with three auditory stimuli (a
noise, A; and tone and clicker, counterbalanced, as Stim-
uli B and C). For all, B and C had different consequences;
B was always followed by food, and C was not. The
groups differed in the treatment given to Stimulus A. For
Group A+/B+, the noise was reinforced; however, for
Group A�/B+, it was not. For the first of these groups,
then, B and A were followed by a common consequence,
a training procedure supposed to induce equivalence; A
and C, on the other hand, had different consequences in
Stage 1, a procedure supposed to establish distinctive-
ness. For Group A�/B+, the reverse holds true, with A
and C having the same treatment, and A and B having dif-
ferent treatments. The question of interest was whether
this training would induce subjects to treat as equivalent
the pair of stimuli that had had the same consequence and
enable them to discriminate more readily between those
that had been associated with different consequences.
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In order to reveal any such effects, the noise was given
new conditioned properties in Stage 2 by being paired
with shock. Stage 3 assessed the extent to which the effects
of this training generalized to B and C. The results shown
in Figure 3 come from a test in which the generalized ten-
dency of B and C to evoke suppression of food-rewarded
baseline response was assessed. Suppression was not pro-
found, but, for both groups, there was significantly more
suppression to the stimulus (B for Group A+/B+; C for
Group A�/B+) that had received Stage 1 training equiv-
alent to that given to the noise.

It is difficult to explain this pattern of results in terms of
the transfer of specific responses acquired during Stage 1.
Certainly, those stimuli given food-reinforced training in
that stage will acquire the power to evoke CRs (e.g., ap-
proaching the site of food delivery), and these could be
evoked by the (previously food-reinforced) Stimulus B
in the test stage. One could postulate that this CR might
tend to compete with the suppressive tendencies ac-
quired by generalization from A, but such an effect would
apply only to the results for Group A�/B+ in which B
evoked less suppression than C. For Group A+/B+, by con-
trast, it was Stimulus B that evoked more suppression.
Accordingly, the transfer evident in this experiment must
come from a different source. Honey and Hall (1989)
concluded that it reflected training-induced changes in
the extent of generalization between the stimuli—the ac-

quisition of equivalence and/or distinctiveness. As with
most experiments that have succeeded in demonstrating
equivalence/distinctiveness effects, this one leaves us
unsure as to whether two processes are operating or just
one. That is, to consider Group A+/B+, the test result could
be a consequence of heightened generalization between
B and A, of restriction in generalization between C and
A, or both of these. We are obliged, therefore, to offer a
theoretical analysis for both possibilities.

Analysis
What determines the degree of generalization between

two stimuli, A and B? Figure 4 offers one representation
of the standard interpretation. Each stimulus can be con-
strued as comprising a set of elements or features, some
of which it will hold in common with other stimuli (two
auditory events might, for instance, come from a com-
mon source, have the same intensity and duration, etc.)
and some of which will be unique (the events might be
tones differing in frequency). In Figure 4, the elements
that make up Stimulus A are represented by a circle,
unique features of A are shown by the section a, and fea-
tures held in common (c) with Stimulus B are shown by

Table 5
Acquired Equivalence and Distinctiveness:

Experimental Designs

Stage 1 Stage 2 Test

(a) Honey and Hall (1989)
B→f

Group A+/B+ A→f A→sh B and C
C
B→f

Group A�/B+ A A→sh B and C
C

(b) Honey (1990)
A→0 A→f B and C
B→0

(c) Hall et al. (1993)
f→B

Group +B/+A f→A A→sh B and C
C
f→B

Group +B/�A A A→sh B and C
C

(d) Bonardi et al. (1993)
X→A+
X→C+ A+ B and C
Y→B+ D�
Y→D+

(e) Bonardi and Hall (1994)
X(A+)/A�
Y(B+)/B� A+ B and C
C+/C�

Note—Uppercase letters represent auditory or visual cues; f and + in-
dicate food; sh indicates shock. X(A+) denotes reinforcement of A in
the presence of X. In Bonardi and Hall (1994), the treatment given to
C occurred in two separate phases, initial acquisition followed by ex-
tinction.

Figure 3. Group mean suppression ratios for test trials with
Stimuli B and C from the experiment by Honey and Hall (1989).
All subjects had experienced A, B, and C in Stage 1 training. For
Group A+/B+, A and B had both signaled food; for Group A�/B+,
only B had signaled food in Stage 1. In Stage 2, A was used to sig-
nal shock.
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the area of overlap with the circle representing B. Con-
ditioning with A as a CS will endow all its features with
associative strength, and the strength governed by the c
elements will mean that the untrained B will also be ca-
pable of evoking a certain amount of (generalized) re-
sponding. The task of our analysis is to explain why
equivalence/distinctiveness training should modify the
extent of such generalization.

The upper panel of Figure 4 indicates the associations
that will form as a result of equivalence training in which
A and B are both associated with the common conse-
quence X. Introducing the assumption that an associa-
tively activated representation is capable of acquiring as-
sociative strength permits this associative structure to
predict enhanced generalization between A and B. Sub-
sequent reinforced training with A and some US will es-
tablish a link between the associatively activated X rep-
resentation and the US representation. Stimulus B would
then be able to activate the US representation (and thus
elicit conditioned responding) by virtue of its ability to
activate X. Generalized responding would thus be medi-
ated not only by way of the intrinsic common elements
(c) but also by way of a set of elements (X) that the stim-

uli have come to share by way of their common training
history. The notion that the image of an event can come
to act as a CS thus supplies a ready explanation for the
phenomenon of acquired equivalence.

The explanation of acquired distinctiveness is a little
more problematic. The lower panel of Figure 4 repre-
sents the outcome of discrimination training in which the
target cues, A and B, have become associated with rather
different consequences, X and Y (they are shown in Fig-
ure 4 as having no stimulus elements in common). It is
not immediately obvious that this pattern of associative
links would reduce generalization between A and B. The
existence of the A–X association would, according to
our assumptions, allow the representation of X to gain
strength during reinforced training with A; however, as
long as the c elements gain strength, generalization to B
will occur, and discrimination will not be improved. Ac-
quired distinctiveness requires that, in some way, the role
of these c elements be reduced. There is one possible way
in which this might be achieved (Hall, 1991, discusses
others) that follows directly from the assumptions we
have made so far. We have assumed that an associatively
activated representation can acquire associative strength
through pairing with a US. If it acts like any other CS,
then we must expect the rules governing acquisition to
be the same as those that govern learning about directly
activated representations. In particular, overshadowing
can be expected (see Holland, 1983). The acquisition of
strength by X during reinforced training with A should,
to some extent, overshadow A, restricting the strength
gained by all its features. It will thus limit the acquisition
of strength by c elements, generalization between A and
B will be limited, and discrimination will be enhanced.4
In summary, then, the notion that the image of an event
can function as a CS can provide a coherent account of
the basic phenomena of both acquired equivalence and
acquired distinctiveness. We now consider the applica-
tion of this analysis to some less familiar demonstrations
of these effects.

Extension to Other Conditioning Procedures
The essence of acquired equivalence is that generaliza-

tion between stimuli is enhanced as a result of their hav-
ing experienced a common training history. This com-
mon training typically involves their both having formed
an association with a given consequence. But there are,
of course, other ways in which events can share a history.
One of these was explored in an experiment by Honey
(1990), the design of which is summarized in Table 5b.

This study used rats as the subjects and assessed gen-
eralization from one auditory cue (A, food-reinforced in
Stage 2) to two others (B and C). Cues A and B shared a
common training history in that, in Stage 1, both had
been repeatedly presented, nonreinforced. The final test
showed that the CR established in Stage 2 generalized
more readily to B than to the novel C. Honey (1990) inter-
preted this result in terms of a version of the acquired
equivalence mechanism described above. Stage 1 train-

Figure 4. Stimuli A, B, X, and Y are represented by circles; ar-
rows represent associative links. Each stimulus is thought of as a
set of features or elements, some of which are held in common
with those of other stimuli. The overlap between circles indicates
the proportion of common elements shared. Thus, A and B have
unique features (a and b) and a set of common elements (c).
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ing, he argued, will endow A and B with common prop-
erties. Both, for instance, might become linked with some
central representation encoding that no event follows a
stimulus presentation. Activation of this associate dur-
ing Stage 2 conditioning will allow it to acquire associa-
tive strength; its activation by B during the test will allow
this stimulus to evoke more conditioned responding than
the untrained Stimulus C. Such a mechanism could play
a role in the effect obtained by Honey and Hall (1989) in
their Group A�/B+ (Table 5a). That there was less gen-
eralization from A to B than from A to C in that experi-
ment can be explained solely in terms of acquired dis-
tinctiveness (A and B received different treatment in
Stage 1); but A and C were treated in the same way in
Stage 1 (both were presented nonreinforced), and ac-
quired equivalence mediated by their common associa-
tion with no event could therefore have contributed to the
extra generalized responding controlled by C in the test
stage. Perhaps, however, in this experiment, the mediat-
ing representation was more likely to be of “no US”
rather than simply of “no event,” given that the reinforced
training given to B in Stage 1 might have resulted in in-
hibitory learning to A and C. Further evidence relevant
to the possibility of mediation by way of inhibition comes
from the experiment to be considered next.

Hall et al. (1993) reported a series of experiments in-
tended to demonstrate what they referred to as backward
equivalence. The design of one of their experiments is
shown in Table 5c. It will be evident that this study was
identical to that conducted by Honey and Hall (1989) ex-
cept that, in Stage 1, the delivery of food occurred before
the presentation of the relevant auditory cue. The results
(Figure 5) were identical—that is, generalization of sup-
pression from Stimulus A occurred more readily to the
test stimulus with which it had shared a common Stage 1
training history. Hall et al. concluded that equivalence
would be established by training in which the stimuli
share a common antecedent as well as by the more usual
procedure in which they are trained with a common con-
sequence. Hall et al. considered several possible mecha-
nisms that might be responsible for backward equiva-
lence, one of which was that inhibitory learning might
mediate generalization. Consider Group +B/+A (Table 5c).
There is reason to think (e.g., Wagner & Larew, 1985) that
the backward pairings experienced in Stage 1 might es-
tablish both A and B as inhibitory CSs, each of them ac-
quiring the ability to evoke a given central state (e.g.,
frustration engendered by activation of a no-US repre-
sentation). Aversive conditioning with A in Stage 2 would
then establish frustration as a signal for shock and thus
allow B, which also evokes this state, to elicit the CR in the
test stage. This analysis is the exact parallel of that applied
to forward equivalence (Honey & Hall, 1989) but with ac-
tivation of a no-US representation rather than activation
of a US representation serving as the mediating event.

An alternative (or additional) possibility is that the
backward equivalence training procedure brings into
play a set of associative processes that result in the
formation of a direct link between the relevant stimuli

(in this case, A and B). In the procedure used here for
Group +B/+A, food is made available shortly before
each auditory cue; the presentation of food, therefore,
will become a CS associated with both B and A. As a re-
sult, the representation of B would be activated on +A
trials and the representation of A would be activated on
+B trials—that is, each auditory cue would occur along
with the associatively activated representation of the
other. Associations might then be formed between A and
B during Stage 1 training, in spite of the fact that the two
events themselves had not occurred together. A CR es-
tablished to A could then be evoked by B by way of an
associative chain B–A–US, such as that taken to be re-
sponsible for some instances of sensory preconditioning
(see above; see also Honey & Hall, 1991).

Evidence to support the reality of this second alterna-
tive comes from an experiment by Bonardi, Rey, Rich-
mond, and Hall (1993), which demonstrates backward
equivalence using a procedure in which inhibitory learn-
ing seems less likely to play a role. The design is out-
lined in Table 5d. Pigeons were autoshaped in Stage 1
with four keylight stimuli (A, B, C, and D), presentation
of each of which was followed by food. On the basis of
the evidence and arguments presented so far, this train-
ing procedure might be expected to enhance generaliza-
tion among these stimuli, with food representation act-
ing as the mediating event. We hoped, nonetheless, that
another feature of the Stage 1 training would permit a
backward equivalence effect to emerge. The four trial

Figure 5. Group mean suppression ratios for test trials with
Stimuli B and C from the Experiment by Hall et al. (1993). All
subjects had experienced A, B, and C in Stage 1 training. For
Group +B/+A, A and B had both been preceded by food; for
Group +B/�A, only B had been preceded by food in Stage 1. In
Stage 2, A was used to signal shock.
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types were divided into two pairs: Presentations of A and
C were always preceded by Stimulus X, and presentations
of B and D were always preceded by Stimulus Y. Back-
ward equivalence would be demonstrated if generaliza-
tion could be shown to be particularly marked between
the stimulus pairs that shared a common antecedent 
in this stage. In Stage 2, one member of each pair re-
ceived further training. Continued reinforcement in-
creased the level of responding controlled by A; nonre-
inforcement led to a loss of responding to D. The final
test (Figure 6) showed that the effects of this training
generalized differentially to B and C. Response levels
were low (the test was carried out in extinction), but
Stimulus B evoked significantly more responding than
did Stimulus C. That is, the training procedure was ef-
fective in establishing equivalence between A and C
and/or between B and D.

In the instances considered so far, equivalence be-
tween stimuli has been established in one of two ways:
by training in which they have signaled a common event
(or the absence of an event in the experiment by Honey,
1990) and by training in which they have themselves been
signaled by a common event. That is, the critical stimuli
have been trained either as CSs or as USs. Are there other
properties that stimuli can acquire as a result of training
that might serve to establish equivalence between them?
In fact, such is the power of associative theory (or, per-
haps, such is the narrow-mindedness of learning theo-
rists) that almost all of our standard training procedures
have been interpreted in terms of the formation of asso-
ciations in which the only function of stimuli is to act ei-
ther as signals (CSs) or as the targets of signals (USs). One
possible exception is occasion setting. The ability of an-
imals to learn a discrimination in which a given cue, A,
is reinforced in the presence of X but nonreinforced in the
absence of X [X(A+)/A�] seems to require, for its expla-
nation, learning mechanisms that go beyond the forma-
tion of simple CS–US associations (e.g., Swartzentruber,
1995). It is interesting to ask, therefore, whether equiva-
lence will be established (generalization will be enhanced)

between cues (e.g., X) that have served as occasion set-
ters and between cues (such as A in the above example)
that have been subject to the action of occasion setters.
Bonardi and Hall (1994) attempted to answer the second
of these questions.

The essential features of this experiment are summa-
rized in Table 5e. Rats were first trained on two condi-
tional discriminations: A was reinforced only in the pres-
ence of Occasion Setter X; B was reinforced only in the
presence of Occasion Setter Y. The animals came to show
the CR to A and B when these stimuli occurred in the
presence of their occasion setters but learned not to re-
spond to A or B presented alone. In Stage 2, Stimulus A
received continuous reinforcement so that a vigorous CR
was now established. The test stage showed that this CR
generalized readily to Stimulus B but not to Control
Stimulus C, which, like A and B, had been subjected pre-
viously to both reinforcement and nonreinforcement but
which had not been trained in an occasion-setting task.
Bonardi and Hall (1994) concluded that training A and
B as the targets of occasion setters had been effective in
establishing equivalence between them.

Holland (e.g., 1989), on the basis of his studies of trans-
fer effects in occasion setting, has come to the conclu-
sion that occasion setting involves a memory system dif-
ferent from that concerned with simple associations. One
interpretation of our results, therefore, might be that A and
B are rendered equivalent by virtue of the fact that both
have representations of some sort in this system. Proper
evaluation of this suggestion must await a more detailed
specification of the properties of this special memory
system. We can, however, pursue straight away the pos-
sibility that our results might be explained without re-
course to any special assumptions but in terms of the as-
sociative processes that have held good so far. Bonardi
and Hall (1994) point out that the essence of the associa-
tive account of (forward) equivalence is that training two
stimuli as signals for a common consequence effectively
adds a new set of (associatively activated) common ele-
ments to each. They ask, then, whether the occasion-
setting training shown in Table 5e can be construed as en-
dowing A and B with extra common elements in this
way, and they conclude that associations between the oc-
casion setters and the target CSs that occur in their pres-
ence might play this role. Although the stimuli used as
occasion setters by Bonardi and Hall were nominally quite
different (one was an increase in general illumination, the
other was a decrease), they nonetheless had several com-
mon characteristics (e.g., both were visual events of the
same relatively long duration). And although the occasion-
setting procedure may involve the operation of learning
mechanisms that lie outside the scope of our usual asso-
ciative principles, there is no reason to think that this ex-
cludes the formation of associations between the target
CSs and the occasion setters. Accordingly, A and B should
acquire the ability to activate the representations of Oc-
casion Setters X and Y, and the associative strength ac-
quired by the elements common to X and Y during rein-

Figure 6. Group mean performance in the experiment by Bon-
ardi et al. (1993, Experiment 2). A, B, C, and D represent four dif-
ferent keylight stimuli. Scores for Stages 1 and 2 are for the final
session of each stage; test scores are pooled over all test sessions.
The design of the experiment is summarized in Table 4d.
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forced Stage 2 training with A could thus allow B to
evoke the CR on the test.

Extension to Equivalence Classes
in Discrimination Learning

Recent years (since the pioneering work of Sidman,
1971) have seen the growth of an extensive literature an-
alyzing the way in which certain forms of discrimination
training can lead to the formation of equivalence classes.
Two stimuli may be said to be equivalent in some respect
when one can function as a substitute for the other in that
respect; it is in this sense that we have used the term so far.
Sidman (1990) refers to such stimulus substitutability as
functional equivalence and distinguishes it from the for-
mal notion of equivalence that is his central concern; he
adopts the logical or mathematical definition of equiva-
lence as describing a relationship between events that
shows the properties of reflexivity, symmetry, and transi-
tivity. Such equivalence can emerge, it is suggested,
through training on some types of discrimination task
(sometimes called symbolic matching-to-sample tasks),
and appropriate variations of these tasks can be used to re-
veal the existence of the three defining properties of equiv-
alence. Our concern in what follows is to determine
whether the associative processes that we take to under-
lie functional equivalence might also be operating in the
symbolic matching procedure and, if they are, whether
they can help supply an explanation for the effects that
are obtained.

A simple version of the conditional discrimination pro-
cedure usually employed in studies of equivalence class
formation is presented in Table 6a. In an experiment with
pigeons as subjects, Sample Stimulus A1 might be, for in-
stance, a red keylight; its offset would be followed by two
comparison stimuli, B1 and B2 (say horizontal and verti-
cal), and a peck to B1 would be reinforced. On other tri-
als, Sample Stimulus A2 might be a green keylight, and
response to the other comparison stimulus, B2, would be re-
inforced. In an experiment with young children as the sub-
jects, Sample Stimuli A1 and A2 could be the spoken
words dog and cat, Comparison Stimuli B1 and B2 would be
pictures of these animals, and appropriate choice might be
rewarded by approval. This task is formally identical to that
described for pigeons, and, for very young children, the re-
lationship among the stimuli will be just as arbitrary.

The solution of a discrimination of this type requires
the involvement of some sort of conditional learning
mechanism. One possible analysis views A1 as an occa-
sion setter that selectively activates the B1–US associa-
tion, with A2 having similar control over the B2–US asso-
ciation. But, as we have already observed, the occurrence
of conditional learning does not preclude association
formation, and, in this procedure, it is likely that an as-
sociation will be formed between the sample stimulus
and the rewarded comparison stimulus that follows it: As
the discrimination starts to be learned, the subjects will,
by virtue of their own responding, come to experience
these two events regularly and in close succession. Thus,
A1 will acquire the power to activate the representation

of B1, and A2 will be able to activate B2. Adding our basic
assumption that associatively activated representations
will support learning and performance in much the same
way as directly activated representations allows expla-
nation of the effects seen in some of the transfer tests used
in studies of equivalence class formation.

Table 6c represents four of the various tests that are em-
ployed in these experiments. The first two (for reflexiv-
ity and symmetry) require initial training only on the task
shown in Table 6a; the tests for transitivity and for equiv-
alence itself require, in addition, training on a further
conditional discrimination, with the comparison stimuli
from the first task now serving as samples for a new set
of comparison stimuli (Table 6b). Let us consider, for the
time being, just the test for transitivity. Here, the subject
is given a choice of comparison stimuli (C1 and C2 ) fol-
lowing presentation of a sample (A1) with which they have
not received training. Choice of C1 is taken to indicate
that the tasks on which they have been training have es-
tablished equivalences (that can be thought of as A1 �
B1, and B1 � C1), allowing the transitive inference A1 �
C1. After some early failures (e.g., D’Amato, Salmon,
Loukas, & Tomie, 1985), appropriate responding on the
transitivity test has now been successfully demonstrated
in nonhuman subjects (Kuno, Kitadate, & Iwamoto, 1994).

The associative explanation of this result follows di-
rectly from the proposition that training on the first dis-
crimination will allow A1 to come to activate the repre-
sentation of B1. This means that B1 will be activated on
presentation of the A1 sample in the test. A1 itself will
not be able to direct choice between C1 and C2, but B1,
having been explicitly trained in this role in the second
discrimination (Table 6b) should be able to do so. That
is, A1 will be an effective sample because it evokes the
image of an event that has received appropriate training.
For such a system to work requires that the A1–B1 link be
well formed initially, and in this may lie the reason for
the success of Kuno et al. (1994). They gave extensive
discrimination training with relatively prolonged expo-
sure to both sample and comparison stimuli (their subjects,
pigeons, were required to peck 10 times at each stimulus
on each trial). These are conditions that would foster the
formation of a strong association between the sample and
the correct comparison stimulus.

Similar arguments can be applied to the analysis of the
experimental procedure outlined in Table 6d. This is based
on the original study by Sidman (1971) and is of special
interest and importance because it is described by him
(Sidman, 1990) as being the “basic experiment” in the
demonstration of equivalence relations. Here, the sub-
ject is trained on two conditional discriminations with a
given sample stimulus: A1 indicates that B1 should be
chosen rather than B2, and, on other trials, C1 should be
chosen rather than C2. (The companion tasks in which
A2 is used to signal that B2 and C2 should be chosen are
not shown in the table.) In the test, one of the original
comparison stimuli is used as the sample; in the example
given, the question posed is, Will using B1 as the sample
allow the subject to choose between C1 and C2? To put
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flesh on these bones: A1 might be the spoken word dog,
B1 a picture of a dog, and C1 the written word DOG. Sid-
man (1971) found, for his nonverbal subject, that train-
ing in which the spoken word came to control choice both
of the picture and of the written word allowed appropri-
ate choice on the test; that is, the picture as sample now
controlled choice of the written word.

A possible associative interpretation of this result is
as follows. Training on the initial discriminations estab-
lishes associations that allow Stimulus A1 to activate the
representations of B1 and C1. This means, for instance,
that B1 will be activated on those training trials on which
A1 is gaining control over the choice of C1. The B1 rep-
resentation will thus acquire similar control, with the re-
sult that when B1 is actually presented as a sample in the
final test, the appropriate choice response will be evoked.

Whether this possible explanation is in fact the correct
explanation is another matter. If associative processes do
indeed underlie equivalence effects of this sort, then
such effects might be expected in any organism capable
of associative learning. The evidence on this matter is in-
conclusive. The closest parallel in studies using animal
subjects is found in experiments on “one-to-many” match-
ing in pigeons by Urcuioli and Zentall (1993; see also
Urcuioli, Zentall, & DeMarse, 1995). In these experi-
ments, the birds received training on versions of the tasks
shown in Table 6d, and then equivalence between B1 and
C1 was assessed. This was achieved by training the B1/B2
discrimination with a new sample stimulus followed by a
test in which the ability of this new sample to control
choice between C1 and C2 was evaluated. Evidence of
appropriate choice was slight (Urcuioli & Zentall, 1993)

Table 6
Conditional Discrimination Procedures and Tests for Equivalence

(a) Train:

(b) Train:

(c) Tests:

(d) Train:

Test:

Note—Letters represent stimuli. In each triad, the upper letter represents a sample stimulus, the lower pair represents
comparison stimuli. The + indicates the comparison stimulus that is to be chosen in training.

A1

B1+ B2

A2

B1 B2+

and

B1

C1+ C2

B2

C1 C2+

and

A1

A1 A2

Reflexivity

B1

A1 A2

Symmetry

A1

C1 C2

Transitivity

C1

A1 A2

Equivalence

A1

B1+ B2

A1

C1+ C2

and

B1

C1 C2
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or nonexistent (Urcuioli et al., 1995). It should be noted,
however, that this test procedure is substantially more
complex than that of the Sidman design (Table 6d), and
successful performance would require a correspondingly
more complex chain of associations. To this extent, the
associative explanation of Sidman’s “basic experiment”
remains viable.

Although associative processes can generate an expla-
nation for transitivity and for the equivalence effect of Ta-
ble 6d, this does not mean that they can explain equiva-
lence phenomena that possess all three of Sidman’s (1990)
defining features: reflexivity, symmetry, and transitivity
(Table 6c). The point is that the sort of equivalence dem-
onstrated by the “basic experiment” of Table 6d does not
require that all these features be operating. To revert to
the notation used previously, the subject in this experi-
ment need learn only A � B and A � C; those mecha-
nisms that we have used previously to provide an explana-
tion for transitivity will then allow correct performance
(B � C) on the test. The test does not involve the relation
of symmetry (i.e., A � B, therefore B � A). Symmetry
is, however, required for correct performance on another
of the tests of equivalence used in experiments of this
sort—that shown in Table 6c, in which the standard test
for transitivity is reversed and an event previously trained
as a comparison stimulus appears for the first time as a
sample. Studies with human subjects have shown them to
be capable of appropriate performance on this test (e.g.,
Sidman & Tailby, 1982; Stromer & Osborne, 1982). There
is, however, no uncontested demonstration of this result in
nonhuman animals (see Hayes, 1989; Saunders, 1989).

If the transfer shown in these discrimination tasks de-
pends on associative processes of the sort we have de-
scribed, then it is not entirely surprising that animals
should fail the full equivalence test of Table 6c. Associa-
tive links formed in the first stage of training (Table 6a)
might allow A1 and A2, when presented as comparison
stimuli in the test, to evoke representations of B1 and B2.
But the new sample stimulus (C1) would be able to evoke
the representation of the trained sample (A1 for the
choice between B1 and B2 ) only by way of a chain of
backward associations (i.e., C–B–A). Such backward as-
sociations are not readily formed. Animals trained to
choose B1 after presentation of A1 do not tend to choose
A1 when the relationship is reversed and B1 is now used
as the sample (D’Amato et al., 1985; Hogan & Zentall,
1977). In different terminology, these training procedures
do not establish the symmetry relation, and, hence, the
equivalence test—which depends on the effectiveness of
this relation—will be failed.

It may be tempting, on the basis of this analysis, to con-
clude that humans and animals differ in their transfer per-
formance on these conditional discriminations because
they have different learning mechanisms available to them:
Animals rely on associative processes that allow them to
show transitivity but do not allow them to pass the full
equivalence test; people, who can succeed on the equiv-
alence test, must (it may be thought) be making use of
some other learning process that the animals lack. It

would, however, be premature to accept this conclusion
before examining the rather simpler alternative that the
difference between people and animals in their perfor-
mance on these tests has its origin in differences in the
procedure employed in the two cases. Although formally
equivalent, the procedures used for different species are
necessarily somewhat different in detail. We may ask
whether these details make the test unfair to animals,
preventing them, in some way, from showing that they
possess the full range of learning processes available to
people; alternatively, they may be too fair to people, al-
lowing them to employ associative processes when ani-
mals cannot.

Zentall et al. (1992) note a number of features of the pro-
cedure used in studies of animals that might tend to hin-
der the ability of these subjects to learn the equivalence
relation. One point they do not make, but which may be
of particular importance in the context of the analysis
presented here, concerns the timing of presentation of
the sample and comparison stimuli. In experiments with
animals, the standard procedure permits the formation
of an A1–B1 association, with A1 becoming a CS for B1;
but, as has already been noted, the backward association
(B1–A1), which would allow B1 to act as a CS capable of
exciting the representation of A1, is unlikely to be formed.
By contrast, in studies with human subjects, it is com-
mon practice for the sample stimulus to remain on when
the comparison stimuli are presented. Simultaneous pre-
sentation of these events can be expected to generate
both A1→B1 and B1→A1 associations. These associations
could be responsible for correct performance on the equiv-
alence test shown in Table 6c. Although A1 and A2 have
not been trained as comparison stimuli, they might acti-
vate associates (B1 and B2 ) that have. And although C1
has not been trained as a sample with B1 and B2 as com-
parison stimuli, it would activate the representation of a
stimulus (A1) that has been trained in this way by way of
the chain C1–B1–A1.

As it stands, the analysis just presented is best viewed
as an exercise in determining whether or not our asso-
ciative analysis could apply, in principle, to the outcome
of conditional discriminations designed to assess the for-
mation of equivalence classes. Whether the analysis should
be accepted as correct will depend on the outcome of fur-
ther experiments. We may conclude, however, that it would
be unwise to assert, at this stage, that the phenomena re-
vealed in experiments on equivalence classes necessar-
ily imply the operation of processes beyond those as-
sumed by standard theories of conditioning.

PERCEPTUAL LEARNING

Nonreinforced preexposure to a pair of stimuli can en-
hance the ease with which animals subsequently learn a
discrimination between them. The first part of this sec-
tion of the article gives some concrete examples of this
perceptual learning effect. There follows an analysis of
these procedures in terms of the role that image condi-
tioning is likely to play in them. This reveals a problem
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in that these theoretical considerations appear to predict
the opposite of the results obtained. The section con-
cludes, therefore, with an attempt to show how this prob-
lem might be resolved.

The Phenomenon
The classic example of the perceptual learning effect

is the demonstration by E. J. Gibson and Walk (1956)
that rats are better able to learn a simultaneous discrim-
ination between geometrical figures after prolonged pre-
exposure to these figures presented in their home cages
(see also Hall, 1979, 1980). But the effect has been demon-
strated in a wide range of training procedures. Chamizo
and Mackintosh (1989; see also Trobalon, Sansa, Cha-
mizo, & Mackintosh, 1991) have found that separate non-
reinforced exposure to each of the relevant maze arms can
facilitate subsequent discrimination learning in which
rats are rewarded for choosing one arm rather than the
other. Studies of the domestic chick (e.g., Honey, Horn,
& Bateson, 1993) have shown that discrimination between
two cues is enhanced by prior training designed to allow
imprinting to each of the cues. In studies of flavor-aversion
learning, it has been shown that an aversion conditioned
to one flavor will generalize less well to another when
the animals have had prior experience of these flavors.

A study by Symonds and Hall (1995, Experiment 1)
provides a convenient example of the perceptual learning
effect in flavor aversion. The stimuli were two flavors (sa-
line and sucrose solutions) rendered rather similar (it
may be assumed) by the addition of the sour taste of acid
to each of them. Discrimination was assessed by estab-
lishing an aversion to one of them (Stimulus A was pre-
sented on three occasions prior to an injection of 0.3 M
LiCl) and by measuring the extent of generalization of
this aversion to the other (B) on a subsequent test trial.
The results of this test are shown in Figure 7. The four
groups shown in the figure differed in their previous ex-
perience of the flavors. Group A/B had received four
preexposure presentations of A intermixed with four of
B; Group A received four preexposures to Flavor A;
Group B received four preexposures to Flavor B; Group W
received only unflavored water during the preexposure
phase. The low levels of consumption shown on the test
by all of the last three groups indicate that the aversion
acquired by A generalized to B in all of them. Group A/B
showed much less generalization: Preexposure to both A
and B appeared to enhance the ability of the subjects to
discriminate between them.

Analysis
The existence of the perceptual learning effect consti-

tutes something of a problem for the theoretical analysis
developed in previous sections of this article. It appears
to be an instance of the acquired distinctiveness of cues,
but it arises from a training procedure that lacks what has
been taken to be critical in producing the effect—that is,
the preexposure phase gives no opportunity for the cues
to become associated with distinctively different events.
Indeed, given that the critical stimuli receive just the

same treatment during preexposure, the outcome of this
form of training might be expected to be acquired equiv-
alence rather than acquired distinctiveness. The experi-
ment by Honey (1990), described above, provides direct
evidence that nonreinforced preexposure to a pair of stim-
uli can enhance generalization between them. Admittedly,
Honey’s (1990) experiment made use of stimuli and pro-
cedures rather different from those used in most studies
of perceptual learning, but this observation allows no so-
lution to the problem. In fact, the nature of the stimuli used
in experiments on perceptual learning is such as to increase
the likelihood of associatively mediated generalization
occurring between them, as the following will show.

If preexposure is to produce a perceptual learning ef-
fect, it is necessary to use stimuli that are fairly similar
to start with; if the stimuli were perfectly discriminable
from the outset, there would be no scope for preexposure
to produce an enhancement in discriminability. In terms
of the representational scheme used in Figure 4, the over-
lap between the critical stimuli, A and B, needs to be ex-
tensive, with many elements (c elements) being held in
common. Indeed, in some experiments, c elements are
explicitly introduced in order to ensure this, as in the ex-
periment by Symonds and Hall (1995) in which acid was
added to both the sucrose and the saline solutions. The
acid presumably increases the number or salience of the
c elements and thus ensures that generalization will
occur readily between A and B. Figure 8a presents the
three critical components of the stimuli in a slightly dif-
ferent way. Here a and b represent nodes sensitive to the
unique features of A and B (in this case, salt and sweet),
and c represents a node sensitive to common elements
(sour plus any other features that saline and sucrose so-
lutions intrinsically hold in common). Preexposure to A
and B will allow associations to form among these nodes.
Presentations of A will activate a and c concurrently so
that the excitatory a–c and c–a associations (shown by
solid lines in the figure) will form. Similarly, presenta-

Figure 7. Group mean scores on the test session with Flavor B
after conditioning to A in the experiment by Symonds and Hall
(1995, Experiment 1). Group A had received preexposure to A,
Group B had received preexposure to the Flavor B, Group A/B
had received preexposure to both flavors, and Group W had re-
ceived only water in preexposure.
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tions of B will result in associations between b and c.
Once these links have been formed, another set of asso-
ciations will be able to develop. Presentation of Stimu-
lus A will, by way of the c–b link, be able to induce ac-
tivity in the b node; similarly, presentation of B will be
able to induce activity in the a node. Thus, on each of
these trials, the two nodes representing unique stimulus
elements will be activated concurrently, one directly and
one by way of an associative link. Our hypothesis has
been that associations will form in these conditions;
these (shown by the dotted lines in the figure) will allow
each set of unique elements to induce activity in the
other set.

The existence of these various associations will tend
to enhance generalization between A and B. For animals
trained on a discrimination of A+/B� without any prior
exposure to the stimuli, the only source of generalization
between A and B (if we neglect the possibility that within-
stimulus associations might form during the course of
discrimination training itself ) will be the associative
strength directly controlled by the c elements. But for an-
imals given preexposure to A and B, there are two further
possible sources of generalization: (1) Reinforced A tri-
als will allow the associatively activated representation
of b to become linked to the US, thus increasing the like-

lihood that B will tend to evoke the CR. (2) On test trials
with Stimulus B, the associative connections shown in
the figure will result in the activation of a, a set of ele-
ments directly paired with the US during conditioning,
and thus likely to be powerfully able to evoke the CR.
That is, the associative structure shown in Figure 8a pre-
dicts quite the reverse of the perceptual learning effect.

An experiment by Honey and Hall (1991) serves to
demonstrate the reality of mediated generalization pro-
duced by within-compound associations. Rats in the ex-
perimental condition were given exposure to two flavors,
A and B, each mixed with a third to form the compound
stimuli AX and BX. Control subjects also received ex-
posure to two compounds, but these were AX and BY
(i.e., A and B were mixed with different flavors). Both
groups then received training designed to establish a con-
ditioned aversion to A, and, finally, generalization to B
was tested. The experimental group was much less will-
ing to consume Flavor B in the test than was the control
group—that is, prior experience of A and B, along with
a salient common element (X), enhanced generalization
between them. Honey and Hall (1991) presented this re-
sult as an instance of acquired equivalence and inter-
preted it in terms of their standard (e.g., Honey & Hall,
1989) explanation for this effect, suggesting that an A–X
association allows the image of X to acquire strength on
the reinforced A trials and that a B–X association allows
the image of X to influence performance on the test tri-
als. What is more, in this experiment, the use of simul-
taneous compounds in preexposure could allow the for-
mation of links between the unique features of A and B,
as shown in Figure 8a. These links, too, will enhance gen-
eralization by allowing the representation of B to be re-
inforced on conditioning trials and the representation of
A (the CS) to be evoked on the test trial.

Possible Solutions
The theoretical arguments presented so far lead to the

conclusion that there should be no perceptual learning
effect; rather, preexposure to stimuli should enhance
generalization between them. In order to accommodate the
facts, therefore, it is necessary to modify or extend the
theory. It may be, for instance, that the analysis presented
so far is merely incomplete—that the preexposure pro-
cedures used in studies of perceptual learning do indeed
tend to establish equivalence between the stimuli but that,
in these procedures, some other process that tends to re-
duce generalization is also at work. In perceptual learn-
ing experiments, it must be assumed, the effects of the lat-
ter process outweigh those of the former. What we must
determine now, therefore, is what this extra process might
be and why it should be especially powerful in procedures
that generate a perceptual learning effect. We will con-
sider two possibilities, neither of which requires a radi-
cal departure from the set of associative learning princi-
ples that have served well to this point.

Latent inhibition. Preexposure to the target stimuli in
a perceptual learning experiment will result in latent inhi-
bition, restricting the readiness with which these stimuli

Figure 8. Circles represent the unique features (a and b) of two
Stimuli A and B and also the features they hold in common (c).
Lines connecting the circles indicate associations that might be
formed among them. Solid lines represent standard excitatory
links; dashed lines represent links that may be formed when one
of the elements is activated associatively. A stopped end indicates
an inhibitory link.
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enter into associations when reinforcement is subse-
quently introduced. In terms of the scheme used in Fig-
ure 8, preexposure to A (ac) and to B (bc) will produce
latent inhibition to all elements of the stimuli (a, b, and
c). But, as McLaren, Kaye, and Mackintosh (1989) have
noted, this preexposure will be particularly effective in
establishing latent inhibition to the c elements, since these
(unlike a and b elements) will be present on all preexpo-
sure trials. Now, the stimuli used in studies of perceptual
learning are typically similar to each other and general-
ization occurs readily between them; that is, they have
particularly potent or numerous c elements, and the as-
sociative strength governed by these elements limits per-
formance on discrimination between them. Elimination
(or a dramatic attenuation) of the effectiveness of the c
elements as a consequence of preexposure to the stimuli
would thus restrict generalization between A and B and
could thus produce a perceptual learning effect. Evi-
dence to favor this account comes from a study of maze
learning by Trobalon, Chamizo, and Mackintosh (1992)
in which the perceptual learning effect was found to be
abolished by a change of context between the preexpo-
sure and discrimination stages. It is well established that
a context change will disrupt latent inhibition (e.g., Chan-
nell & Hall, 1983), and, thus, such a change can also be
expected to disrupt a perceptual learning effect in which
latent inhibition plays an important role.

The results shown in Figure 7 could also be explained
in these terms. In that experiment, Group A received four
preexposures to Flavor A, and Group B received four
preexposures to Flavor B. Thus, each of these groups re-
ceived four presentations of c. If four preexposures pro-
duce little or no latent inhibition, then these groups will
condition as well to c as will Group W, and the general-
ization test performance of these three groups will be
similar. But Group A/B received eight presentations of c
(four of A and four of B). If this is enough to produce
substantial latent inhibition to c, then the c elements will
acquire little associative strength during conditioning
with A, and Flavor B will be consumed readily on test—
the result obtained. However, there is reason to think that,
in this training preparation, latent inhibition plays no
more than a minor role. An experiment by Symonds and
Hall (1996) demonstrates that their perceptual learning
effect is not to be explained (solely) in terms of differ-
ences between groups in the latent inhibition suffered by
c elements. This experiment (see also Mackintosh, Kaye,
& Bennett, 1991) included Groups A/B and W, whose
treatment exactly matched that of the groups run by Sy-
monds and Hall (1995, Experiment 1). A third group
(Group B) differed only in that preexposure consisted of
eight presentations of B. All subjects then received con-
ditioning to A followed by a generalization test with B.
The results (Figure 9) confirm the previous finding in that
Group A/B showed less generalization from A to B than
did the nonpreexposed group (Group W). However,
Group B, although it showed less generalization than
Group W, showed substantially and significantly more
generalization than Group A/B. [An ANOVA conducted

on the data summarized in the figure showed there to be
a significant difference among the groups, F(2,21) �
16.38, p < .01. Pairwise comparisons showed that each
group differed from each of the others, ps < .05.] The crit-
ical point here is that Groups B and A/B will not differ in
the latent inhibition that has accrued to the c elements—
both have had eight preexposures to these elements. Some
other process must be operating in Group A/B to pro-
duce the additional restriction in generalization that prior
exposure to both A and B reveals.

Inhibition between unique elements. The phenome-
non of perceptual learning presents a problem for our as-
sociative analysis because the presence of salient c ele-
ments in the stimuli allows the formation of excitatory
associations among various components of the stimuli,
associations that will act to enhance generalization. But
this problem may arise not because this analysis is flawed
but rather because it has not been carried far enough.
McLaren et al. (1989) have argued that the formation of
the excitatory links shown in Figure 8a is only the first
stage of the learning that goes on during preexposure.
Once these links have been formed, further presentations
of A will activate the representation of the unique fea-
tures of B, and this will happen in the absence of B itself.
Similarly, further presentations of B will activate the a
representation in the absence of A. These are circum-
stances (the omission of an expected event) that are com-
monly thought to foster inhibitory learning and should,
according to McLaren et al. (1989), lead to the formation
of the inhibitory links between a and b that are shown in
Figure 8b. To the extent that generalization from A to B
occurs because B is able to activate the representation of
a, subjects given prolonged preexposure can be expected
to show less generalization; for them, presentation of B
will inhibit the activation of a.

Evidence consistent with this interpretation comes
from an experiment by Symonds and Hall (1995, Exper-

Figure 9. Group mean scores on the test session with Flavor B
after conditioning to A. Prior to conditioning, Group 4A/4B re-
ceived preexposure in which each flavor was presented four times;
Group 8B received all trials with B; Group W received only water
in preexposure.
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iment 2). This used the same flavor-aversion learning pro-
cedure as was described earlier; indeed, two of the con-
ditions (Group W and Group A/B–I) were identical to
those studied previously, with Group W receiving no pre-
exposure to the flavors and Group A/B–I (like Group A/B
of the previous experiment) receiving exposure to both A
and B. The suffix I indicates that trials with A and B were
intermixed, presentations of one stimulus being given
each morning and presentations of the other given 6 h
later in the afternoon, throughout the preexposure phase.
A third condition (Group A/B–B) was novel. Here, the
suffix B indicates that presentations of the stimuli were
“blocked”; rather than experiencing both flavors on the
same day, these subjects received a block of trials, with
one of them followed by a block of trials with the other.
All subjects then received conditioning with A as the CS
followed by a test to assess the extent of generalization
to B. The test results are presented in Figure 10.

The figure shows that generalization was less substan-
tial in Group A/B–I than in Group W, another instance of
the perceptual learning effect demonstrated previously.
But no such effect was evident in Group A/B–B; these
subjects showed an aversion to Flavor B almost as pro-
found as that displayed by the nonpreexposed subjects of
Group W. Preexposure to a pair of stimuli reduces gen-
eralization between them only when they are presented
in an intermixed fashion during preexposure.

Consideration of the role played by inhibitory links
between the unique features of A and B supplies a ready
explanation for this pattern of results. In Group W, we as-
sume, the formation of an a–c association during condi-
tioning allows B to evoke a CR by way of the chain b–c–a.
Inhibitory links between b and a, formed during preex-
posure, will eliminate this source of generalized respond-
ing; such links are likely to form only with the intermixed
procedure. An inhibitory link will form on a bc trial, for

instance, only when the excitatory c–a link already has
some strength; similarly, ac trials will be effective in pro-
ducing inhibition only when the c–b link already exists.
The alternation of A and B trials in the intermixed con-
dition will be the optimal arrangement for ensuring that
the appropriate connection has strength on each trial.
With the blocked procedure, on the other hand, there is
only a single transition from one trial type to the other,
the excitatory connection established during the first block
will extinguish during the second, and the opportunity
for inhibitory links to form will be minimal. The absence
of the perceptual learning effect after blocked exposure
is thus just what would be expected on the basis of the
account proposed by McLaren et al. (1989).

Conclusions
These studies show that latent inhibition and inhibitory

conditioning could play a role in producing the perceptual
learning effect. More generally, they allow the conclusion
that, although the consequences of the image condition-
ing process might tend to obscure the perceptual learn-
ing effect, the existence of the effect is not incompatible
with the existence of the process. In the procedures used
to demonstrate perceptual learning, it is possible to iden-
tify a range of other factors that will be operating, fac-
tors that will oppose the effects of image conditioning
and could therefore result in a net enhancement of dis-
crimination. Furthermore, the factors that have been iden-
tified above do not require any departure from the stan-
dard principles of associative learning and are (for the
most part; see below) compatible with those assumed to
be operating in image conditioning.

This conclusion requires two qualifications. First, it
must be acknowledged that the explanation of perceptual
learning in terms of associative learning processes is, at
present, just a hypothesis and that an alternative account
is available. E. J. Gibson (1969) attributes perceptual learn-
ing to a differentiation process that renders subjects re-
sponsive to the unique and distinguishing aspects of stim-
uli. The learning process involved in differentiation is said
to be nonassociative in nature. This proposal does more
than simply accommodate the basic facts of perceptual
learning; it can, for instance, deal with the results of Sy-
monds and Hall’s (1995) Experiment 2. Differentiation is
said to operate best when there is an opportunity to com-
pare the stimuli. The mechanism by which stimulus com-
parison might operate is not made clear, but it seems safe
to assume that comparison will be more likely with the
intermixed schedule rather than the blocked schedule of
stimulus exposure. To this extent, the observed results are
to be expected on the basis of Gibson’s theory.

Second, an important element of the associative inter-
pretation is the proposal that an inhibitory link will be
formed when the occurrence of one stimulus (e.g., A) ac-
companies the associative activation of the representa-
tion of another (in this case, the unique features of B).
Although Wagner’s (1981) theory asserts that an inhibi-
tory link forms in just these circumstances, it is not clear
(as we saw in our discussion of second-order condition-

Figure 10. Group mean scores on the test session with Flavor B
after conditioning to A. Group A/B–I had received preexposure
in which trials with A and B were intermixed; Group A/B–B had
received separate blocks of trials with A and with B; Group W
had received only water in preexposure. (Data from Symonds &
Hall, 1995, Experiment 2.)



LEARNING ABOUT IMAGES 253

ing) that Konorski’s (1967) theory can confidently pre-
dict the development of inhibition here. If we accept
Konorski’s analysis, therefore, it follows that the percep-
tual learning effect cannot be explained in terms of in-
hibitory links formed between unique features of the
stimuli, and some other explanation (such as that offered
by E. J. Gibson, 1969) must be developed for the results
reported by Symonds and Hall (1995). The alternative is
to decline to accept Konorski’s account in its entirety,
with its assertion that an image of a stimulus can func-
tion both as a CS and as a US in association formation.
This possibility is taken up in what follows.

THEORETICAL IMPLICATIONS

We began by asking the question whether the associa-
tively activated representation of an event (the image of
that event) can serve as a substitute for the event itself in
associative learning. Two views were contrasted: Konor-
ski’s (1967) theory, which makes no distinction between
image and direct perception in the matter of association
formation, and Wagner’s (e.g., 1981) theory, which gives
the image (the A2 state of activation) rather different
properties from the A1 state that corresponds to direct
perception of a current stimulus. In this latter theory, the
only associative function of the A2 state is that it sup-
ports the acquisition of inhibitory powers by a node that
is concurrently in the A1 state. Our survey of the evi-
dence has tended to favor some version of Konorski’s view.
There is direct evidence that an image can come to act as
a CS when it is paired with the presentation of a US, and
this process helps to explain a range of phenomena dem-
onstrated in experiments on sensory preconditioning, ac-
quired equivalence, and perceptual learning. Mecha-
nisms that could play a role in the backward equivalence
effect and in second-order conditioning become avail-
able, if it is also allowed that an image can function as a
US (i.e., that concurrent presentation of a stimulus with
the evocation of the image of another can result in the
formation of an excitatory link from the former to the lat-
ter). Our concern now is to assess how these effects might
best be dealt with in terms of the mechanisms proposed
by formal theories of associative learning.

Given what has just been said, it might be supposed
that Konorski’s theory would have no trouble in accom-
modating the phenomenon of learning about associa-
tively activated representations. And certainly the theory
has no problem with the basic fact that such a represen-
tation can come to act as a CS. But difficulties arise as
soon as inhibitory learning enters the picture. As was
mentioned in the discussion of second-order condition-
ing, Konorski construes inhibition as involving an exci-
tatory association between the CS and a special sort of
event representation, one that was referred to (in a sim-
plification of Konorski’s own analysis) as a no-US rep-
resentation. In the second-order conditioning procedure,
it was argued, two excitatory associations will form: one
between the CS and the (associatively activated) repre-

sentation of the US, and the other between the CS and
the no-US representation. The trouble is that, given this
analysis, there is no reason why excitatory conditioning
should give way to conditioned inhibition over the course
of training—the result that is observed.

These problems could be avoided by adopting the po-
sition that, although an image can act as a CS, it cannot
act as a US. This means giving up Konorski’s interpreta-
tion of second-order conditioning; however, other asso-
ciative mechanisms are available that can explain the
basic effect. The same holds true for backward equiva-
lence, where associations involving an image as the US
constitute just one possible source of the observed re-
sults. The rest of the phenomena discussed in this article
would remain as examples of conditioning with an image
as the CS. Unfortunately, this solution is quite incom-
patible with Konorski’s theory. The essence of the the-
ory, as it concerns us here, is that the activation induced
in a stimulus node by way of an associative connection
does not differ in its nature from that induced by direct
application of the stimulus itself. But since the state pro-
duced by direct stimulation can function, in appropriate
circumstances, as either a CS or a US, then the same must
hold true for the state produced by associative means. To
assert that an image can function as a CS but not as a US
amounts to an abandoning of the basic assumption of the
theory; it requires us to accept that the direct and asso-
ciative routes produce states of activation that have dif-
ferent properties.

This conclusion prompts a reconsideration of Wag-
ner’s (1981) account with its differentiation between 
A1 and A2 states. Wagner’s rules for association formation
assert that excitatory connections form between nodes
that are both in A1 and that an inhibitory link will form be-
tween a node in A1 and one that is in A2. This latter as-
sumption allows inhibitory learning to go on during ac-
quisition and provides a mechanism whereby an
asymptote will eventually be reached; it also ensures that
extinction will occur if presentations of the US are dis-
continued. As it stands, this theory has no way of deal-
ing with the phenomena described in this article, but a
simple modification will allow it to do so (see Holland,
1983). The theory in its original form holds that the only
connection formed between nodes in A2 and A1 is the
inhibitory link from the latter to the former. But there is
no compelling reason to prevent our adding the assump-
tion that this state of affairs will also establish an excita-
tory link from the former to the latter. In this way, we are
able to retain the various explanatory advantages that
Wagner’s basic theory confers and also add a mechanism
whereby the image of a stimulus can come to act as exci-
tatory CS, thus widening its explanatory power yet fur-
ther. Certainly, with this amendment, the theory can ac-
commodate the majority of the phenomena discussed in
this review. General acceptance of the modified theory
will, no doubt, depend on the outcome of further re-
search. The key assumption of this interpretation is that
an image can come to act as a CS but will not serve as a
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US. Direct examination of the latter possibility is cur-
rently under way, and should it yield positive results, it
will make necessary a reconsideration not only of Wag-
ner’s theory but of theories of association formation
more generally.
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NOTES

1. A point of terminology: The term US often refers to the motiva-
tionally significant event that is preceded by presentation of the neutral
CS in the standard conditioning procedure. But any effective stimulus
is a US (whether or not it evokes an overt response) in that it will di-
rectly evoke activity in its own node; any event that acquires the ability
to evoke activity in some other node by way of an associative link can
be regarded as a CS. There is some potential for ambiguity here, but I
trust this will always be resolved, in the present article, by the context in
which these terms are used.

2. Further evidence comes from the finding (e.g., Fudim, 1978) that
sensory preconditioning can be obtained when there is no separate con-
ditioning phase (the value of one of the elements of the compound being
changed not by associative means but by a manipulation of the motiva-
tional state of the animal). It is difficult to explain this effect in terms
of an image conditioning process.

3. This is to simplify Konorski’s (1967) account. He assumes not a
single US representation but separate centers encoding the sensory
properties of the event and the affective state it engenders. Each of these
has its appropriate negative counterpart.

4. Such overshadowing will also occur during reinforcement of A,
after A and B have undergone equivalence training. But since the c ele-
ments will suffer at the expense of others (the X stimulus) that are common
to A and B, an enhancement of generalization can still be predicted.
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