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Abstract

In three experiments rats were given pre-exposure to two compound flavours, AX and BX, the two compounds being presented
for some subjects on alternate trials (the intermixed schedule) and, for others, in separate blocks of trials (the blocked schedule).
After aversion conditioning with A (in Experiments 1 and 2), the inhibitory properties of B were tested using both retardation
(Experiment 1) and summation tests (Experiment 2). The results failed to support the proposal [Anim. Learn. Behav. 23 (1995)
361] that B should acquire inhibitory properties in the intermixed condition (the “Espinet effect”). Experiment 3 demonstrated
that generalisation to BX after conditioning with AX was attenuated by intermixed pre-exposure (a perceptual learning effect).
This pattern of results challenges the hypothesis that inhibitory learning during intermixed pre-exposure to AX and BX can
account for both the Espinet and the perceptual learning effects.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Subjects that are required to learn to discriminate
between two similar stimuli can sometimes bene-
fit from pre-exposure to the stimuli. For instance,
Symonds and Hall (1995, Experiment 2) gave rats
pre-exposure on separate, alternating trials, to two
compound flavours, AX and BX (where A and B rep-
resent sucrose and saline solutions, and X that a small
amount of acid was added to each solution in order to
render the compounds more similar). Control subjects
also received exposure to the stimuli, but according to
a different schedule—they received a block of AX tri-
als followed by a separate block of BX trials (or vice
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versa). The rats then received conditioning trials with
AX as the conditioned stimulus (CS) and an injection
of lithium chloride (LiCl) as the unconditioned stim-
ulus (US). A subsequent generalisation test showed
that the rats given the intermixed pre-exposure sched-
ule consumed BX more readily than the rats given the
blocked schedule of pre-exposure (see alsoBennett
et al., 1999; Mondragón and Hall, 2002). This re-
sult has been taken to be an instance of perceptual
learning—as evidence that alternating pre-exposure to
AX and BX engages learning processes that enhance
the discriminability of the stimuli. The experiments to
be reported here continue investigation of the effects
of these different schedules of pre-exposure with the
intention of testing the validity of the account pro-
posed byMcLaren et al. (1989)(see alsoMcLaren
and Mackintosh, 2000) as an explanation for this
version of the perceptual learning effect.
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McLaren et al. (1989)have pointed out that, ac-
cording to the standard principles of associative learn-
ing, pre-exposure to compound stimuli will establish
a range of associations among their constituent ele-
ments. In both the intermixed and blocked schedules,
excitatory within-compound associations (between A
and X and between B and X) can be expected to form.
Additionally the intermixed procedure could allow the
development of inhibitory associations between the
unique features (A and B) of the pre-exposed stimuli.
In animals given this schedule, presentation of AX
would be able to activate a representation of B (by
way of the X–B link); similarly, presentation of BX
would be able to activate a representation of A (via the
X–A link). According to standard associative theory
(e.g. McLaren and Mackintosh, 2000; Rescorla and
Wagner, 1972; Wagner, 1981) these are the conditions
under which inhibitory links will form between A and
B and between B and A. Such links will form much
less readily in the blocked condition. To take the case
in which the AX block precedes the BX block (sim-
ilar considerations apply in animals given the reverse
arrangement), there is no opportunity for inhibitory
associations to be established from A to B, since
during the block of AX presentations B is not yet pre-
dicted by the presence of X. And although the second
block of (BX) trials might, in principle, allow the for-
mation of an inhibitory association from B to A, such
an association would only be weak given that the ex-
citatory A–X association on which it depends would
be expected to extinguish over the course of these
trials.

The existence of inhibitory associations between A
and B could influence the extent to which a condi-
tioned response (CR) established to AX generalises
to BX. The conditioning trials with AX will result in
the formation of associations between A and the US
and between X and the US and will also re-establish
the within-compound A–X association for all animals.
When animals in the blocked condition are tested with
BX, their response will be determined not only by the
direct X–US association but also by the ability of X to
activate the representation of A (by way of the X–A
association) and thus to contact a representation of the
US by way of the chain X–A–US. This latter source
of responding will not be available to animals given
intermixed pre-exposure for whom the presence of B
on test will serve to inhibit activation of the repre-

sentation of A. The result will be a weaker CR after
intermixed than after blocked pre-exposure.

Support for this hypothesis has been sought in
experiments that have attempted to demonstrate that
intermixed exposure to AX and BX does indeed estab-
lish inhibitory links between A and B. One line of ev-
idence comes from a series of experiments byEspinet
et al. (1995). In these experiments, rats were given
conditioning with A element alone after intermixed
exposure to AX and BX, and the consequences for
the B element were tested. It was found that pairing A
with US appeared to endow B with the properties of
an inhibitor for that US (an outcome that has come to
be referred to as “the Espinet effect”). When flavour
B was subsequently paired with the US, it was found
that the rats were slow to acquire an aversion to it (that
is B “passed” the retardation test for conditioned inhi-
bition). And if another flavour, Q, was paired with the
US, the aversion conditioned to Q was alleviated by
adding B to Q (the summation test for conditioned in-
hibition, see alsoArtigas et al., 2001.) Espinet et al. ar-
gued that the inhibitory properties shown by B on these
tests was a consequence of the formation of inhibitory
links between A and B during pre-exposure. They con-
sidered more than one possible mechanism, but that
subsequently adopted (seeMcLaren and Mackintosh,
2000) proposes that the effect occurs because of the
ability of B to inhibit A. When B is presented in the test
phase, not only will it suppress the activation of the A
representation but it will also suppress the activation
of the associate of A, which in this case will be the US.

The notion that intermixed pre-exposure to AX
and BX will establish inhibitory links between A and
B thus provides an account for both the Espinet and
the perceptual learning effects. It should be noted,
however, that evidence for the role of this inhibitory
mechanism in the perceptual learning effect comes
from comparison of a group given the intermixed
pre-exposure schedule with that of groups given the
blocked schedule. In the experiments byEspinet et al.
(1995), however, different control groups were used,
for example, comparison was made between subjects
given intermixed pre-exposure to AX and BX and
control subjects pre-exposed to A and B alone in the
absence of the common X element. It is important,
therefore, to see if the Espinet effect can be demon-
strated when the comparison is with the blocked
control. Experiments that make such a comparison
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(and that succeeded in finding the effect) have been
reported byLeonard and Hall (1999), but these used
a procedure (conditioned suppression with auditory
and visual cues) quite different from that used in
the experiments considered so far; what is more, our
attempts to demonstrate the perceptual learning ef-
fect in the conditioned suppression procedure have
so far proved unsuccessful (Leonard, 1999). In the
experiments that follow, therefore, we will look for
the Espinet effect comparing intermixed and blocked
pre-exposure procedures in a flavour aversion prepara-
tion, using exactly the same stimuli and pre-exposure
procedures as are known to be effective in producing
the perceptual learning effect.

2. Experiment 1

The aim of this experiment was to see whether the
Espinet effect could be found in animals given in-
termixed pre-exposure to the compound flavours AX
and BX, comparison being made with control groups
given exposure to AX and BX in separate blocks of
trials. After the pre-exposure phase was completed,
all animals received conditioning with A as the CS.
The final test phase consisted in the conditioning of
an aversion to flavour B. If the exposure establishes
inhibitory links between A and B, and if such links
mean that conditioning with A makes B an inhibitor
for the US, then acquisition by B should be retarded.
The proposal that inhibitory links will form during in-
termixed and not during blocked pre-exposure implies
that acquisition to B should proceed less readily in the
intermixed than in the blocked group.

2.1. Method

2.1.1. Subjects and apparatus
The subjects were 24 male naive hooded Lister

rats, with a free-feeding body weight of 398 g (range:
355–450 g) at the start of the experiment. They were
housed in individual cages with continuous access to
food in a colony room that was artificially lit from
08:00 to 20:00 h each day. They were given continu-
ous access to food, but access to water was restricted
as detailed in the following.

The solutions used as experimental stimuli were
administered, in the home cages, at room tempera-

ture, in a 50-ml plastic centrifuge tube fitted with a
rubber stopper and a stainless steel drinking spout.
The following flavoured solutions were used: a com-
pound consisting of 0.01 M hydrochloric acid (HCl)
and 0.16 M saline (NaCl); a compound of 0.01 M HCl
and 0.33 M sucrose; a 0.16 M solution of NaCl; and a
0.33 M sucrose solution. Consumption was measured,
by weighing, to the nearest 0.1 ml.

2.1.2. Procedure
The experiment started with a water deprivation

schedule. The standard water bottles were first re-
moved overnight. On the following three days, access
to water was restricted to two daily sessions of 30 min
initiated at 11:00 and 16:00 h. Presentations of fluids
continued to be given at these times throughout the ex-
periment. On the last day of this cycle, water intakes
were measured, and subjects were assigned to three
equal-sized groups matched in their levels of water
consumption.

Over the next 12 days (the pre-exposure phase), all
rats received six 8-ml presentations of each compound
flavour, always presented for 30 min at 11:00 h. Rats
in group I (intermixed) were given pre-exposure to
AX and BX on alternate days; rats in the B (blocked)
groups were given blocks of six trials with AX and
six trials with BX. Group B1 was given pre-exposure
to AX on days 1–6 and to BX on days 7–12; group
B2 was given pre-exposure to BX on the first six days
and to AX on the last six days. For half the animals in
each group flavour A was saline and flavour B was su-
crose; for the remainder the arrangement was reversed.
For all rats, flavour X was HCl. Throughout the ex-
periment, all the subjects were allowed 30 min of free
access to water from the standard bottles at 16:00 h.

On the day after the end of pre-exposure the first
conditioning trial was given in which all the subjects
were presented with 8 ml of A followed by an injec-
tion of 0.3 M LiCl at 10 ml/kg of body weight. After
the recovery day, in which all the animals had access
to water in their home cages at 11:00 and 16:00 h, a
further conditioning trial was given in which the sub-
jects were given free access to A for 30 min before
being injected with LiCl. After a further recovery day,
a non-reinforced test trial was given in which all the
subjects had free access to A for 30 min.

On the next day the retardation phase of the experi-
ment began and all the rats were presented with 8 ml of
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B followed by an injection of 0.15 M LiCl at 3 ml/kg.
The magnitude of the US was reduced from that used
for conditioning with A in an attempt to ensure that
acquisition of the aversion to B would occur relatively
slowly, allowing differences between the groups to be
observed. After a recovery day, the rats were given free
access to B before receiving an injection of lithium.
This two-day cycle was then repeated twice.

2.2. Results and discussion

There was some evidence of neophobia on the early
trials, but thereafter the rats reliably consumed all the
fluid offered on each trial of pre-exposure. The condi-
tioning procedure successfully established an aversion
to A. On the first trial all animals consumed the full
amount offered, but consumption was substantially re-
duced after the second conditioning trial. The group
mean consumption scores on the second conditioning
and test trials for subjects in group I were 10.70 and
1.17 ml, respectively; the equivalent scores for the sub-
jects in group B1 were 8.09 and 1.39 ml; those for the
subjects in group B2 were 9.07 and 0.64 ml. An anal-
ysis of variance (ANOVA) conducted on these scores,
with group and trial as the variables, revealed a signif-
icant effect of trial,F(1, 21) = 71.01, but there was
no significant effect of group or of the interaction be-
tween the variables (Fs < 1). In this and in subsequent
statistical analyses a significance level ofP < 0.05
was adopted.

On the first conditioning trial with B, all animals
consumed the full amount offered.Fig. 1shows group
means for consumption of B across the final three trials
of the retardation test. It is evident that an aversion was
acquired in all three groups and that on all three trials
the group I consumed slightly more than group B1,
which in turn consumed slightly more than group B2.
These differences among the groups were, however,
rather small and proved not to be statistically reliable.
An ANOVA conducted on the data summarised in the
figure, with group and trial as the variables yielded
only a significant effect of trial,F(2, 42) = 98.27.
Neither the main effect of group,F(2, 21) = 2.87, nor
the Group× Trial interaction (F < 1) was significant.

Although the animals in group I showed consis-
tently higher levels of consumption on the test than
did animals in the blocked groups, the present results
provide no statistically reliable support for the pro-
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Fig. 1. Mean intake of flavour B in the retardation test of Experi-
ment 1. All animals had previously received conditioning with A
as the CS. Group I had received pre-exposure to AX and BX on
alternating trials; the B1 and B2 groups had received pre-exposure
to AX and BX on separate blocks of trials.

posal that conditioning with A makes B an inhibitor
for the US after intermixed but not after blocked
pre-exposure. It should be acknowledged, however,
that the retardation test used here may not be the best
way of assessing such inhibition. In a recent experi-
ment,Mondragón and Hall (2002)examined the rate
at which conditioning occurred to one of the unique
stimulus elements (i.e. to A or B) after the two forms
of pre-exposure. They found that learning occurred
more readily after intermixed than after blocked
pre-exposure, and they suggested, in explanation, that
the salience or associability of the unique elements
is maintained during intermixed, but declines during
blocked pre-exposure. Whatever the merits of this
explanation, it raises the possibility that the test pro-
cedure used in the present experiment underestimated
the inhibitory strength of B in group I—that the re-
tardation of conditioning produced by the existence
of inhibition between B and the US might have been
obscured by an enhancement of the associability of
this stimulus, a factor that would tend to facilitate
learning. The next experiment therefore looked for
evidence of B’s inhibitory properties using a test (the
summation test) that does not require the formation
of a new association by B.

3. Experiments 2A and 2B

In this experiment rats were given intermixed or
blocked pre-esposure to AX and BX followed by
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conditioning with A as the CS, as in Experiment 1.
An aversion was then established to a novel flavour,
quinine (Q), and all the animals were tested with the
compound BQ. Differences between the groups in
the associability of B should be without influence on
this test, but if B has acquired inhibitory properties in
group I the consumption of the BQ compound should
be greater in this group than in those that received
blocked pre-exposure.

3.1. Experiment 2A

3.1.1. Method
The subjects were 30 male naive hooded Lister

rats with a mean free-feeding weight of 466 g (range
430–540 g). They were maintained in the same way
and on the same water deprivation schedule as was
used in Experiment 1. They were randomly assigned to
one of the three equal-sized groups, the pre-exposure
conditions: I, B1, and B2. In addition to the flavours
employed in Experiment 1 we also made use of a
0.00005 M quinine sulphate solution (Q) and of the
two compounds, quinine–salt and quinine–sucrose
(the BQ compounds), during the summation test.

The two first phases of the experiment (pre-exposure
and conditioning with flavour A) proceeded exactly as
described for Experiment 1. The next phase consisted
of the conditioning of an aversion to Q. All the rats
were given access to 8 ml of Q and then injected with
0.3 M solution of LiCl at 10 ml/kg of body weight.
After a recovery day, there was a test trial in which
the rats were given free access to Q for 30 min. The
last three days of the experiment constituted the sum-
mation test phase; on these all the subjects were given
free access to the BQ compound for 30 min in the
morning drinking sessions. In respects not specified
here the procedure was the same as that described for
Experiment 1.

3.1.2. Results and discussion
As in Experiment 1, there was some evidence of

neophobia on the early trials, but thereafter the rats
reliably consumed all the fluid offered on each trial
of pre-exposure. The conditioning procedure success-
fully established an aversion to A. On the first trial all
animals consumed the full amount offered, but con-
sumption was substantially reduced after the second
conditioning trial. The group mean scores on the sec-

ond conditioning trial and the test trial for subjects
in group I were 8.32 and 1.85 ml, respectively; those
for the subjects in group B1 were 7.81 and 0.36 ml;
those for the subjects in group B2 were 7.15 and 0.39.
An ANOVA with group and trials as factors showed a
significant effect of the factor trial,F(1, 27) = 69.78.
The effect of group and the interaction between the
variables were not significant (Fs < 1).

Although most rats did not consume the full amount
made available on the conditioning trial with Q, the
groups did not differ in this respect. Group I consumed
a mean of 4.80 ml, group B1 of 4.86 ml, and group
B2 of 4.03 ml. An ANOVA conducted on these data
confirmed that there were no significant differences
among groups (F < 1). The conditioning procedure
successfully established an aversion to Q; on the test
trial that followed conditioning (the results of which
are shown on the left of the left panel ofFig. 2) all
three groups showed an almost total rejection of the
quinine solution.

The left panel ofFig. 2also shows the results of the
three trials of the summation test in which BQ was
presented. All three groups drank somewhat more of
BQ than of Q, an outcome that might be taken to im-
ply that B was inhibitory in all three but which is also
to be expected on the basis of the principle of general-
isation decrement. There was no indication that B was
more effective in alleviating the suppression of con-
sumption in group I than in the B groups. An ANOVA
conducted on the data for BQ consumption, with group
and trial as the variables, revealed a significant ef-
fect of trial,F(2, 54) = 17.52, but the effect of group
and the Group× Trial interaction were not significant
(Fs < 1).

The present results seem to confirm those of Exper-
iment 1; in neither experiment was there evidence of
that B acquired inhibitory properties in group I but not
in the B groups. It should be acknowledged, however,
that the (non-significant) difference observed in the
numerical scores was again in the direction predicted
by the hypothesis under test (group I drank marginally
more of BQ than either of the other two groups).
Given that the aversion to Q was very profound and
that no group drank much of BQ, it is possible that
our failure to find a difference among the groups was
simply the consequence of a “floor” effect. A further
experiment was conducted in order to address this
issue.
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Fig. 2. Mean intake of flavour Q alone and the compound solution BQ in the summation tests of Experiment 2A (left panel) and Experiment
2B (right panel). All animals had previously received conditioning with A as the CS. Group I had received pre-exposure to AX and BX
on alternating trials; the B1 and B2 groups had received pre-exposure to AX and BX on separate blocks of trials.

3.2. Experiment 2B

In this experiment, we conducted a replication of
Experiment 2A, but with procedural modifications in-
tended to increase the sensitivity of the summation
test. Most importantly, we reduced the US magni-
tude used in the conditioning with Q so that higher
levels of fluid consumption might be obtained dur-
ing the summation test. In addition we eliminated the
non-reinforced test of A that was given after condi-
tioning with A in the previous experiment. Since the
hypothesis under test requires that A has associative
strength at the time B is tested, we wanted to avoid
the possibility that A might have extinguished during
this test.

3.2.1. Method
The subjects were a further 24 male naive hooded

Lister rats with a mean free-feeding weight of 390 g
(range 350–430 g). The procedure for this experiment
was identical to that described for Experiment 2A ex-
cept that the conditioning trial with Q was given on
the day following the completion of phase of condi-
tioning with A, and the US for conditioning with Q
was an injection of 0.15 M LiCl at 10 ml/kg of body
weight. A non-reinforced test trial with A was given
on the day following the last summation test.

3.2.2. Results and discussion
There was some evidence of neophobia on the early

trials, but thereafter the rats reliably consumed all the

fluid offered on each trial of pre-exposure. On the first
conditioning trial in which A was presented, all an-
imals consumed the full amount offered. The group
mean score on the second conditioning trial for sub-
jects in group I was 9.05 ml; that for the subjects in
group B1 was 7.97 and for the subjects in group B2
was 11.38 ml. That this second conditioning trial was
effective in establishing an aversion to A was shown
by the results of the final test trial with A. All animals
showed a reduced level of consumption on this trial,
the mean scores being 0.64 ml for group I, 0.47 ml for
group B1, and 1.35 ml for group B2. An ANOVA con-
ducted on the test-trial data confirmed that there were
no significant differences among the groups (F < 1).

On the conditioning trial with Q, group I consumed
a mean of 3.28 ml, group B1 of 2.96 ml, and group
B2 of 4.01 ml. An ANOVA conducted on these data
confirmed that there were no significant differences
among groups (F < 1). Although, as in Experiment
2A, this trial produced a profound aversion in all an-
imals (as the right-hand panel ofFig. 2 shows, negli-
gible amounts of quinine were consumed on the test
trial that followed conditioning), levels of consump-
tion were higher in this experiment during the sum-
mation test with BQ. None the less, asFig. 2 also
shows, there were no substantial differences among
the groups. An ANOVA conducted on the summation
test data, with group and trial as the variables, revealed
only a significant effect of trial,F(2, 42) = 42.72; nei-
ther the effect of group nor the Group× Trial interac-
tion were significant (Fs < 1). This outcome matches
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that of Experiment 2A in failing to detect any evidence
that B had acquired inhibitory properties in group I.

4. Experiment 3

Experiments 1 and 2 have failed to find any evi-
dence of the Espinet effect—neither retardation nor
summation tests revealed any difference between the
intermixed and blocked pre-exposure conditions in the
effectiveness of B as an inhibitor for the US. Given
that the comparison between intermixed and blocked
pre-exposure reliably produces a perceptual learning
effect, our new results cast doubt on the proposal that
a common mechanism (the development of inhibitory
links between A and B) is responsible for both phe-
nomena. It should be acknowledged, however, that the
pre-exposure procedure used in these experiments was
slightly different from that usually used in demonstrat-
ing the perceptual learning effect. Thus, for example,
Symonds and Hall (1995)gave pre-exposure to AX
and BX in two daily sessions over the course of four
consecutive days whereas in Experiments 1 and 2 we
gave pre-exposure to these flavours once a day over
the course of 12 days. In order to establish a dissoci-
ation between the Espinet and perceptual learning ef-
fects, it is necessary to demonstrate that the latter can
be obtained with the pre-exposure procedure used in
Experiments 1 and 2. This was the aim of the present
experiment.
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Fig. 3. Mean intake of flavour AX in the conditioning phase (left panel) and of flavour BX in the test trial (right panel) of Experiment 3.
Group I had received pre-exposure to AX and BX on alternating trials; group B1 had received pre-exposure to AX and BX on separate
blocks of trials.

4.1. Method

The subjects were 16 male naive hooded Lister
rats with a mean free-feeding weight of 403 g (range
360–425 g). They were maintained in the same way
and on the same water deprivation schedule as was
used in Experiments 1 and 2. They were randomly as-
signed to one of two pre-exposure conditions, I and B1
(we omitted the B2 condition as, neither in the exper-
iments described above, nor in others reported previ-
ously, e.g.Symonds and Hall, 1995, have we been able
to detect any marked difference between the two ver-
sions of the blocked schedule). The compound flavours
(AX and BX) employed in the previous experiments
were used. The unconditioned stimulus for the condi-
tioning trials was a 10 ml/kg injection of 0.3 M LiCl.

The pre-exposure phase was conducted exactly as
described for Experiments 1 and 2. There followed
three conditioning trials on each of which the rats were
given access to 10 ml of AX before being injected
with LiCl. The day after the final post-conditioning
recovery day, all subjects were given free access to
BX in the morning drinking session for 30 min.

4.2. Results and discussion

Conditioning with AX successfully established an
aversion to this compound in both groups.Fig. 3
(on the left) shows group means for consumption of
AX across the three conditioning trials. An ANOVA
conducted on these data, with group and trial as
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the variables, revealed a significant effect of trial,
F(2, 28) = 134.16, but no effect of group or of the
interaction between the variables (Fs < 1).

The groups differed in their performance on the
test trial (Fig. 3, on the right). These scores differed
reliably, F(1, 14) = 7.75. This outcome confirms
that the perceptual learning effect (less generalisation
from AX to BX after intermixed than after blocked
pre-exposure) can be obtained with the pre-exposure
regime used in the present series of experiments.

5. General discussion

It has been proposed (Espinet et al., 1995; McLaren
and Mackintosh, 2000) that a common mechanism
underlies the Espinet and the perceptual learning
effects. In both procedures, animals in the critical
experimental condition are given pre-exposure to in-
termixed presentations of the compounds AX and BX,
an arrangement that might be expected, according to
standard associative principles, to establish inhibitory
links between the unique features A and B. These
links, it has been argued, are responsible both for the
inhibitory properties that B has been found to acquire
after excitatory conditioning with A (the Espinet ef-
fect), and also for the fact that generalisation from AX
to BX is restricted by intermixed pre-exposure (the
perceptual learning effect). The experiments reported
here, by establishing a dissociation between the two
effects, call this analysis into question. When compari-
son was made with a control group given pre-exposure
to AX and BX on separate blocks of trials (a schedule
that would not be expected to establish inhibitory links
between A and B), the perceptual learning effect was
still found (Experiment 3). But neither retardation (Ex-
periment 1) nor summation (Experiment 2) tests pro-
duced evidence for a difference between the groups in
the inhibition acquired by B after conditioning with A.

Given this pattern of results, some additional as-
sumptions will be required to maintain the position
that the Espinet and perceptual learning effects are
both the product of a common mechanism. One pos-
sibility is to accept the results of Experiments 1 and
2 as demonstrating that, for the procedures used here,
the intermixed schedule is little more effective than the
blocked schedule at generating inhibition between A
and B. Although we may accept that standard associa-

tive theory predicts the formation of inhibitory links
only in the intermixed case it does not follow that the
links established by our procedure will be powerful
enough to produce a marked effect in the test phase. In
particular,McLaren and Mackintosh (2000)have ar-
gued that the formation of inhibitory associations be-
tween A and B depends on prolonged exposure to AX
and BX, a notion supported by the results ofEspinet
et al. (1995, Experiment 4) who found evidence for
inhibition between A and B in rats given 12 days of
exposure to each but not in rats given 4 days of expo-
sure to each. It is possible that our Experiments 1 and
2 would have succeeded in revealing a difference be-
tween the intermixed and blocked conditions had more
pre-exposure been given. What remains the case, how-
ever, is that the pre-exposure regime used in the present
experiments was sufficient to produce the perceptual
learning effect in Experiment 3. If both the perceptual
learning effect and the Espinet effect depend on the
formation of mutually inhibitory links between A and
B, then it needs to be explained why one effect should
appear after relatively few exposure trials whereas the
other can be found only after prolonged exposure.

A second possibility is that our intermixed pre-
exposure procedure was fully effective in establish-
ing inhibitory links between A and B (and that the
perceptual learning effect is indeed dependent on the
formation of such links), but that the procedure used
to assess these in Experiments 1 and 2 was, in some
way, less sensitive than that used in Experiment 3. It
might be argued, for instance, that only in Experiment
3 was a strong associate of A (namely X) present at the
time of test. This factor may have made the test proce-
dure more sensitive to the ability of B to inhibit A. It
still remains true, however, that, unlikeEspinet et al.
(1995), we were unable to find evidence of the acqui-
sition of inhibition by B after intermixed pre-exposure
to AX and BX. Our experiments differed from theirs
chiefly in the nature of the control group that was
used—we used the blocked condition whereas they (in
the study most closely comparable to ours) gave the
control subjects pre-exposure to A and B in the ab-
sence of the common element, X. According to stan-
dard associative theory, inhibition between A and B
should be generated in neither of these control con-
ditions. A possible conclusion, therefore, is that the
Espinet effect is not a consequence of the fact that the
intermixed condition generates inhibition between A
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and B but depends rather on some other process that
operates only in the particular conditions investigated
by Espinet et al.

In view of these complications, it is appropriate to
consider the further possibility that different mech-
anisms underlie the Espinet and perceptual learning
effects. We may allow that intermixed exposure to AX
and BX can, in some circumstances, establish inhibi-
tion between A and B (this follows from the standard
assumptions of associative learning theory and has
received experimental support from experiments by
Dwyer et al., 2001, and byDwyer and Mackintosh,
2002). But, as the present experiments show, the cir-
cumstances that produce the perceptual learning effect
do not necessarily produce the Espinet effect. Perhaps
then the perceptual learning effect obtained in the
present Experiment 3 is the consequence of some quite
different mechanism;Hall (2003; see alsoMondragón
and Hall, 2002)has outlined one possibility.
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