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The role of comparison in perceptual learning:
Effects of concurrent exposure to similar
stimuli on the perceptual effectiveness
of their unique features
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University of York, York, England

In three experiments, rats were given concurrent exposure to a compound flavor (AX) and to one of the ele-
ments of the compound (X). The perceptual effectiveness of A was then assessed by a test involving generaliza-
tion of a conditioned aversion. Comparison was made with a preexposure procedure in which the compound
and the common element were presented on separate trials, either in alternation or in separate blocks of trials.
The effectiveness of the unique cue was less after blocked preexposure than after either of the other procedures;
concurrent preexposure did not produce a greater effect than did alternating preexposure. These results chal-
lenge the suggestion that concurrent preexposure engages a special comparison process that will facilitate this

form of perceptual learning.

According to Gibson (1969), exposure to two or more
similar stimuli brings into play a process of differen-
tiation that enhances the perceptual effectiveness (what
Hall, 2003, referred to as the effective salience) of the
unique stimulus features and reduces that of the common
features. This sort of change in salience will enhance the
perceptual dissimilarity of the stimuli, thus enhancing
their discriminability (i.e., reducing generalization be-
tween them and generating a perceptual learning effect).
Importantly, Gibson (e.g., 1969, p. 145) emphasized the
suggestion that differentiation will be particularly likely
to operate under conditions promoting stimulus com-
parison. Over recent years, these proposals have been
investigated in experiments using the flavor-aversion
learning procedure. For instance, Symonds and Hall
(1995, Experiment 2) gave rats preexposure to two fla-
vor compounds—AX and BX (where A and B represent
unique features of the stimuli and X represents an explic-
itly added common feature)—in alternating trials (AX,
BX,AX,BX...). Control subjects received an equivalent
amount of preexposure to the stimuli, but in a schedule in
which AX and BX were presented in separate blocks of
trials (e.g., AX,AX...,BX,BX...). For all subjects, an
aversion was then established to AX and generalization
to BX was tested. It was found that rats given alternat-
ing preexposure showed less generalization (i.e., a better
discrimination) between AX and BX than did those that
received blocked preexposure (see also, e.g., Bennett &
Mackintosh, 1999; Honey, Bateson, & Horn, 1994; Mon-
dragén & Hall, 2002).

More recently, results from other procedures have lent
support to the proposal that alternating preexposure will
enhance the effective salience of the unique features of the
stimuli. It has been shown that a unique feature presented
according to the alternating schedule is more effective
than one presented according to the blocked schedule in
eliciting its unconditioned response (UR; Blair, Wilkin-
son, & Hall, 2004, Experiment 1), as an unconditioned
stimulus (US) in classical conditioning (Blair et al., 2004,
Experiment 2), and as a conditioned stimulus (CS) in
classical conditioning (Blair et al., 2004, Experiment 3;
Mondragoéon & Hall, 2002, Experiment 4; see also Lom-
bas, Alonso, & Rodriguez, 2008). Such a feature is also
particularly effective in interfering with the conditioned
response (CR) controlled by some other stimulus (Blair &
Hall, 2003, Experiment 5) when the feature and this other
stimulus are presented in compound.

What these experiments do not demonstrate, however,
is that the effect produced by the alternating preexposure
schedule is a consequence of stimulus comparison. We
may agree that a comparison process is likely to operate
when two stimuli are presented repeatedly in alternation
and in quick succession; however, the schedule used for
alternating preexposure in the experiments just described
was very different from this. There were rather few stimu-
lus presentations (usually four of each), and the minimum
interval between exposure to one flavor and the presenta-
tion of the next was several hours. Comparison—as it is
generally understood, which would involve experiencing
one stimulus in the presence of another (or in the pres-
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ence of the immediate aftereffects of the other)—seems
unlikely to operate here. A role for comparison would be
better demonstrated if it could be shown that the differen-
tiation process occurs most readily when the stimuli are
preexposed in close succession.

This proposal has been investigated in a number of ex-
periments in which AX and BX were presented simultane-
ously. Subjects under this concurrent schedule would have
the opportunity to sample the flavors in quick succession;
thus, the conditions for comparison to occur (and for differ-
entiation to operate) should be better than those in the stan-
dard alternating (or blocked) schedule. What follows from
this suggestion is that two stimuli should be perceived as
being more dissimilar—and, thus, generalization between
them should be more reduced—after concurrent preexpo-
sure than after alternating or blocked exposure. However,
tests of this prediction using the flavor-aversion learning
procedure have shown that, far from reducing generaliza-
tion, concurrent preexposure actually results in more gen-
eralization than does an alternating (Bennett & Mackin-
tosh, 1999, Experiment 2; Rodriguez & Alonso, 2008) or a
blocked (Alonso & Hall, 1999; Rodriguez & Alonso, 2008)
schedule. That is, conditions that appear ideal for compar-
ing the stimuli resulted in subjects showing an apparently
reduced capacity to discriminate between them.

Although the most obvious interpretation of these results
is that this aspect of Gibson’s (1969) analysis of perceptual
learning is wrong, there is an alternative interpretation—
first noted by Honey et al. (1994)—that may be able to
rescue her account. The possibility is that differentiation
occurs readily during concurrent preexposure, but that it
fails to manifest itself as a generalization-reducing effect
because it is counteracted by the opposite influence of some
generalization-enhancing processes. The most obvious of
these is sensory preconditioning. The simultaneous pre-
sentation of a pair of stimuli (such as AX and BX) could
allow the formation of excitatory associations between their
unique features (A and B). Consequently, when animals
given concurrent preexposure are tested after conditioning
to AX, the presentation of BX could activate (by way of the
B—A association) the representation of A, which would be
itself associated with the US, thus increasing the aversion
observed (i.e., enhancing the generalization between AX
and BX). This source of generalization would not be avail-
able to animals given alternating or blocked preexposure,
for whom the longer interval between the presentations of
AX and BX would serve to preclude the formation of direct
excitatory associations between A and B.

In order to eliminate the effect of sensory precondi-
tioning, Rodriguez and Alonso (2008) investigated the
effects of concurrent preexposure not to AX and BX, but
to AX and X. If the more profound generalization found
after concurrent preexposure to AX and BX (Alonso &
Hall, 1999; Bennett & Mackintosh, 1999) depends on the
formation of an excitatory association between A and B,
then no such effect should be expected in a procedure in
which the B feature is omitted; however, a comparison
process should still be able to enhance the effectiveness
of the unique A feature and thus reduce generalization be-
tween the preexposed cues. Rodriguez and Alonso (2008)

gave three groups of rats exposure to AX and X in these
arrangements: concurrently, in alternation, and on sepa-
rate blocks of trials. All animals then received aversion
conditioning trials, with X as the CS. Subsequent testing
revealed that generalization of this aversion to AX was
less in animals that were given alternating exposure than
in those given blocked exposure (thus confirming that the
presence of a unique feature—e.g., B—in one of the to-
be-discriminated stimuli is not essential to produce the
alternating versus blocked effect; see also Hall, Blair, &
Artigas, 2006; Rodriguez & Alonso, 2004). But the test
also showed that even with sensory preconditioning neu-
tralized, conditioned responding to AX was still more pro-
found in animals given concurrent exposure than in those
given either alternating or blocked exposure.

Importantly, however, this effect was accompanied by a
stronger conditioned aversion to X in the concurrent than
in the other preexposure conditions (see also Bennett &
Mackintosh, 1999, Experiment 2), perhaps because simul-
taneous presentations of the stimuli (AX and X) limited
the development of latent inhibition to the common feature
(X). This in itself would be enough to explain the greater
responding to AX observed after concurrent preexposure.
It follows that in order to provide a fair test of the effects
of these different forms of preexposure on generalization,
it is necessary for one to both neutralize the influence
of sensory preconditioning in the concurrent condition
and also ensure that the associative strength of the CS—
against which generalization is assessed—is equivalent in
all conditions. This is what we attempted to accomplish in
the present experiments.

EXPERIMENT 1

In Experiment 1 (for a summary of the experimental
designs, see Table 1), all rats received preexposure trials
with two compound flavor stimuli—AX and BX—and
with the common element of these compounds, X. Two
drinking tubes were made available to the rats on each ex-
posure session. In one of the two daily sessions, one tube
contained AX and the other contained X. In the other daily

Table 1
Experimental Designs
Preexposure Conditioning Test
Experiment 1
AX-X/BX-W X+ AX and BX
Experiment 2
AX-X/BX-W Y+ AY and BY
Experiment 3
CNC group
AX-X/AX-X Y+ AY
ALT group
AX-AX/X-X Y+ AY
BLK group
AX-AX/AX-AX .. . X-X/X-X... Y+ AY

Note—A, B, X, and Y refer to flavors; W refers to water. During preexpo-
sure, stimuli separated by a dash (—) were presented simultaneously within
the same trial, and those separated by a forward slash (/) were presented on
alternate trials within a day; + refers to the administration of LiCl.
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session, one tube contained BX and the other contained
water. That is, presentations of AX and X were given ac-
cording to a concurrent schedule (both being presented si-
multaneously), and presentations of BX and X (and those
of AX and BX) were given according to an alternating
schedule (one stimulus being presented in the morning
and the other in the afternoon, or vice versa). For all sub-
jects, discrimination between X and AX and between X
and BX was then assessed by establishing an aversion to
X and measuring generalization of this aversion to AX and
BX. If the opportunity for comparison facilitates differ-
entiation and generates perceptual learning, then it might
be expected that the generalized aversion from X to AX
(preexposed concurrently) would be less profound than
that from X to BX (preexposed in alternation).

This experimental design, we thought, would allow a
test of the effects of concurrent preexposure that was free
from the effects of the complicating factors described
above. First, omitting the unique feature of one of the two
stimuli to be discriminated (Stimulus X) should—on the
face of things—preclude any contribution from sensory
preconditioning. And second, the use of a within-subjects
design should neutralize the role of latent inhibition to
the common features on generalization. Whatever the
contribution made by the aversion acquired by X during
conditioning to the performance shown on test, it must be
assumed to be the same on both the AX and the BX tests.

Method

Subjects and Apparatus. The subjects were 16 male hooded
Lister rats with a mean ad lib weight of 414 g at the start of the exper-
iment. The animals had previously been used in another experiment;
however, they were naive to all aspects of the present procedure. The
rats were singly housed with continuous access to food in a colony
room that was artificially lit from 8:00 a.m. to 8:00 p.m. each day.
Access to water was restricted as detailed below.

The solutions used as experimental stimuli were administered
in the home cages at room temperature in 50-ml plastic centrifuge
tubes, each equipped with a rubber stopper to which was fitted a
stainless steel, ball-bearing-tipped spout. The following flavored
solutions were used: a 0.16 M saline (NaCl) solution, a compound
consisting of 0.16 M saline and vanilla (1% w/v vanilla flavoring
supplied by SuperCook, Leeds, U.K.), and a compound of 0.16 M
saline and almond (2% w/v SuperCook almond flavoring). Con-
sumption was measured by weighing the tubes before and after tri-
als to the nearest 0.1 g. The US for the conditioning trials was an
intraperitoneal injection of 0.15 M lithium chloride (LiCl) at 10 ml/
kg of body weight.

Procedure. The water-deprivation regime was initiated by remov-
ing the standard water bottles overnight. On each of the following
4 days, access to water was restricted to two daily sessions of 30 min,
at 11:00 a.m. and 5:00 p.m. The presentation of fluids continued to
be given at these times throughout the experiment.

Over the next 4 days (the preexposure phase), all subjects were
given access to fluid in two drinking tubes (separated from one an-
other by 5 cm), each containing 5 ml of the appropriate fluid (AX,
BX, X, or water). In one of the two daily drinking sessions, one tube
contained 5 ml of AX and the other 5 ml of X; in the other daily
session, one tube contained 5 ml of BX and the other 5 ml of water.
The left-right position of the tubes was counterbalanced. For half of
the subjects, AX and X were presented in the morning session, and
BX was presented in the afternoon session; for the remainder, the
arrangement was reversed. Half of the subjects received vanilla as A
and almond as B; for the rest, the arrangement was reversed. For all
animals, X was saline.

Two conditioning trials followed. The first was given in the morn-
ing session the day after preexposure ended. It consisted of a 30-min
presentation of the two drinking tubes, each containing 5 ml of X, fol-
lowed immediately by an injection of LiCl. The rats were given free
access to water in the afternoon session. The next day was a recovery
day on which animals had unrestricted access to water for 30 min dur-
ing both morning and afternoon sessions. The second conditioning
trial—given in the morning session of the next day—was identical to
the first and was followed by an additional recovery day.

On the following morning session, subjects were given a free-
access test trial that consisted of a 30-min presentation of the two
drinking tubes. For half of the animals, both tubes contained AX, and
for the remainder, they contained BX. Water was made available in
the afternoon session. The next morning, animals that had been tested
with AX the previous day were given an identical test trial with BX,
and vice versa. This schedule of testing was continued for another
6 days, making a total of four presentations of AX and four of BX.

Results and Discussion

The rats consumed almost all of the fluid made avail-
able on each of the preexposure sessions (5 ml of each
solution). Average consumptions of AX, BX, X, and water
over the course of preexposure were 4.5, 4.4, 4.6, and
4.4 ml, respectively. Conditioning trials successfully es-
tablished an aversion to X. The mean amounts consumed
were 9.18 ml on Trial 1, 12.08 ml on Trial 2, and 3.65 ml
on Trial 3, with all subjects showing a reduction from the
second trial to the third.

Figure 1 shows group mean consumption over the test
trials with AX and BX. Levels of consumption were low
on the initial trials, but recovered with continued testing.
Consumption of BX was greater than that of AX throughout
the test. An ANOVA conducted on the data (summarized in
Figure 1) confirmed there to be a significant effect of test
stimulus (AX or BX) [F(1,15) = 6.88; here and elsewhere, a
significance level of p < .05 was adopted] and a significant
effect of trial [F(5,75) = 35.56]. The interaction between
these two factors was not significant [F(5,75) = 1.29].

Consumption (ml)

1 2 3 4 5 6

Test Trial

Figure 1. Experiment 1: Mean consumption of the flavor com-
pounds AX and BX after aversion conditioning with X. Animals
had received preexposure consisting of the simultaneous presen-
tation of AX and X on one of the two daily trials and presentation
of BX on the other. Vertical bars represent within-subjects stan-
dard errors computed on scores adjusted for variation between
subjects (Bakeman & McArthur, 1996).
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These results show that generalization from the CS
(X) occurred more readily to AX (which was presented
concurrently with X during preexposure) than to BX,
the presentations of which were given in alternation with
those of X. This outcome parallels those obtained previ-
ously in studies using a between-subjects comparison be-
tween groups given concurrent and alternating preexpo-
sure (Bennett & Mackintosh, 1999; Rodriguez & Alonso,
2008). It was argued above that the present experimental
design would neutralize the two generalization-enhancing
processes (sensory preconditioning and the attenuation of
latent inhibition to the stimulus common features) poten-
tially responsible for these previous results. Why, then,
was generalization still more profound after concurrent
preexposure? We had anticipated that a comparison pro-
cess engaged by concurrent exposure might reduce gener-
alization to AX, or, if no such process operates, that there
would be no difference in performance to AX and BX.
That the generalization was greater to AX than to BX re-
quires explanation.

One possibility is that we were wrong in assuming that
our experimental procedure fully neutralized the contribu-
tion of sensory preconditioning on generalization. Perhaps
the purely elemental analysis of this phenomenon that we
adopted led us to underestimate it. It might be argued that
presentations of each of the preexposed stimuli (AX, BX,
and X) activated a distinct configural representation of
them in addition to (or instead of) a representation of each
of their component elements. If this is true, then the si-
multaneous presentations of AX and X during preexposure
would have allowed the formation of an excitatory associa-
tion between the configural representation of AX and that
of X. What follows is that, on test, the presentation of AX
would be able to retrieve a representation of the X con-
figuration that would have acquired some strength during
conditioning with X as the CS, thus increasing the aversion
observed. An implication of this hypothesis is that if X is
not present during conditioning, then this sensory precon-
ditioning effect should not produce any effect on general-
ization. The next experiment evaluated this implication.

EXPERIMENT 2

In Experiment 2 (its design is outlined in Table 1), the
preexposure treatment was identical to that of Experi-
ment 1, but critically (in order to neutralize the contribution
of the sensory preconditioning), a novel stimulus (Y) was
used as the CS during the conditioning phase and was then
presented in compound with A or B on test. Excitatory as-
sociations might be formed during preexposure between the
(configural) representations of AX and X, but these would
not be relevant to a test given with the AY compound.

With sensory preconditioning neutralized, the present
design should be effective in revealing any difference in
salience between the unique stimulus features A and B.
If the opportunity for comparison renders A more salient
than B, then Stimulus A should be more effective than
B in interfering with the expression of the aversive CR
established to Y, and consumption of AY on test should be
greater than consumption of BY.

Method

The subjects were 16 male hooded Lister rats with a mean ad lib
weight of 430 g at the start of the experiment. The rats had previ-
ously been used in another experiment; however, they were naive to
all aspects of the present procedure. This experiment was identical to
Experiment 1, except that conditioning was given with a solution of
0.00003 M quinine sulfate (Y) as the CS, and test was given with a
compound consisting of 0.00003 M quinine sulfate and vanilla 1%
w/v, and a compound consisting of 0.00003 M quinine sulfate and al-
mond 2% w/v (AY and BY, counterbalanced). In details not specified
here, the procedure was the same as that described for Experiment 1.

Results and Discussion

As in Experiment 1, the rats drank almost all of the fluid
made available on each of the preexposure sessions. The
mean scores for consumption of AX, BX, X, and water
were 4.6, 4.6, 4.4, and 4.4 ml, respectively. The condition-
ing trials successfully established an aversion to Y. The
mean amounts consumed were 8.95 ml on Trial 1, 1.34 ml
on Trial 2, and 0.64 ml on Trial 3, with all subjects show-
ing a reduction from one trial to the next. Figure 2 shows
group mean consumption over the test trials with AY and
BY. As was the case in Experiment 1, consumption was
suppressed on the initial test trials, but in this case, the
levels of consumption of both AY and BY progressively
increased at a similar rate. An ANOVA conducted on the
data summarized on Figure 2 yielded a significant main
effect of trial [F(5,75) = 81.18]. Neither the main effect
of test stimulus (AY or BY) nor the trial X test stimulus
interaction was significant (F's < 1).

There is thus no support for the hypothesis that the dif-
ferent preexposure treatments given to A and B will render
them different in their effective salience. The absence of
any difference in levels of consumption of the test stimuli
in this experiment prompts the conclusion that the effect
seen in Experiment 1 was probably a consequence of some
form of sensory preconditioning requiring conditioning
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Figure 2. Experiment 2: Mean consumption of the flavor com-
pounds AY and BY after aversion conditioning with Y. Animals
had received preexposure consisting of the simultaneous presen-
tation of AX and X on one of the two daily trials and presenta-
tion of BX on the other. Vertical bars represent within-subjects
standard errors.
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to Stimulus X, which was neutralized in the present ex-
periment by giving conditioning to Y and testing with AY
and BY. Furthermore, the lack of difference between the
consumption of AY and BY indicates (as well as any null
result can) that A and B were equally effective (or ineffec-
tive) in interfering with the aversion controlled by Y. How-
ever, since it is known from other experiments (see below)
that the alternating schedule is effective in this respect,
this null result points to a more positive conclusion—that
the concurrent schedule is equally, but not more, effective
in modulating the effective salience of the unique stimulus
features. There is no need, therefore, to postulate that con-
current preexposure engages a comparison process differ-
ent from any that might operate during simple alternation
schedule. Confirmation of this proposal required an ad-
ditional experiment with an added control condition.

EXPERIMENT 3

Evidence supporting the notion that alternating preex-
posure enhances the effective salience of the unique stim-
ulus features comes from studies comparing the effects
of alternating and blocked preexposure schedules (e.g.,
Blair & Hall, 2003; Blair et al., 2004; Mondragén & Hall,
2002). If—as our interpretation of results of Experiment 2
suggests—concurrent and alternating preexposure are
equally effective in enhancing effective salience, then the
effect should be evident in both when comparison is made
with subjects exposed to an equivalent blocked preexpo-
sure regime. To address this, we conducted Experiment 3,
which maintained the essential features of Experiment 2
(i.e., conditioning with a novel cue Y prior to the test) but
made use of a between-subjects design.

As in the previous experiments, two drinking tubes
were made available to the rat on each experimental ses-
sion. There were three groups that differed in the preex-
posure they received. Group Concurrent (CNC) received
preexposure in which one tube contained AX and the
other X. Groups Alternating (ALT) and Blocked (BLK)
received equivalent preexposure to the flavors; however,
for them, both tubes contained the same flavor (either AX
or X) on each trial. Group ALT received AX and X on
alternate trials; Group BLK received AX in the first block
of trials and X in the second, or vice versa. All rats then
received aversion conditioning with Y as the CS, followed
by generalization tests with AY. As before, since X was
not presented in either the conditioning or the test phase,
the contribution of sensory preconditioning in the CNC
group should be eliminated, and any differences between
the groups in degree of latent inhibition to X would be ir-
relevant. If concurrent and alternating preexposure sched-
ules are equally effective in enhancing the salience of the
unique feature A, then Groups CNC and ALT should drink
AY equally readily on test, and both should show greater
consumption of AY than would Group BLK.

Method

The subjects were 24 male hooded Lister rats with a mean ad lib
weight of 483 g at the start of the experiment. The rats had previ-
ously been used in another experiment; however, they were naive

to all aspects of the present procedure. They were maintained in
the same way and on the same water deprivation schedule as was
described for Experiment 1.

The rats were divided into three equal-sized groups. Over the next
4 days (the preexposure phase), all were given two daily sessions in
which they received fluids in two drinking tubes, each containing 5 ml
of the appropriate fluid (AX or X). For Group CNC, one tube contained
AX, and the other contained X, on each session. For Groups ALT and
BLK, the two drinking tubes contained the same solution on each ses-
sion. Animals in Group ALT were given access to the flavors in alter-
nation. For half of the animals in this group, AX was presented during
the morning session and X in the afternoon; for the remainder, the
arrangement was reversed. Animals in Group BLK received the solu-
tions in two blocks of trials. For half of the animals in this group, AX
was presented on the first 2 days in both daily sessions and X on the last
2 days. The remaining animals received the opposite sequence.

After preexposure, all three groups received two conditioning
trials with Y as the CS, according to the procedure described for
Experiment 2. Following the final recovery day, the animals received
five test trials with AY over 5 consecutive days. In details not speci-
fied here, the procedure was the same as that described for the previ-
ous experiments.

Results and Discussion

The rats consumed all of the fluid offered throughout
the preexposure phase. The conditioning trials success-
fully established an aversion to Y. On the first condition-
ing trial, all rats drank less than the 10 ml made available
(the mean amounts consumed were 7.5, 7.8, and 7.2 ml,
for Groups CNC, ALT, and BLK, respectively). Consump-
tion was suppressed on the second trial (the means were
3.3 ml for Group CNC, 3.8 ml for Group ALT, and 2.7 ml
for Group BLK). An ANOVA conducted with these data—
with group and trial as the variables—showed there to be
a significant effect of trial [F(1,21) = 148.59]. Neither
the main effect of group [F(2,21) = 1.74] nor the trial X
group interaction was significant [F(2,21) < 1].

Figure 3 shows the group mean consumption over the
generalization tests with AY. The level of consumption
was low on the initial trials, although consumption of AY
was marginally greater in Groups CNC and ALT than in
Group BLK. This difference among the groups increased
with continued testing, and statistical analysis confirmed
this impression. An ANOVA conducted on the data sum-
marized in Figure 3 showed there to be a significant effect
of trial [F(4,84) = 66.84], no significant effect of group
[F(2,21) = 3.11], but a significant interaction between trial
and group [F(8,84) = 2.22]. Pairwise comparisons using
the ¢ test confirmed that Group CNC drank significantly
more than did Group BLK on Trial 3 and that Groups CNC
and ALT drank significantly more than did Group BLK on
Trials 4 and 5. This is just the pattern of results predicted
by the hypothesis that motivated Experiment 3. It is con-
sistent with the view that A interfered to a greater extent
with the aversion controlled by Y in Groups CNC and ALT
than in Group BLK. We conclude that, using a procedure in
which sensory preconditioning and latent inhibition to the
stimulus common features are fully neutralized, concur-
rent and alternating preexposure schedules do not differ,
but both are more effective than the blocked schedule in
enhancing the salience of the stimulus unique features. The
implications of this finding will be considered next.
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Figure 3. Experiment 3: Group mean consumption of the com-
pound flavor AY after aversion conditioning with Y. Group CNC
had received concurrent preexposure to AX and X. Group ALT
had received preexposure to AX and X in alternating trials.
Group BLK had received preexposure to AX and X on separate
blocks of trials. Vertical bars represent the standard errors of the
means.

GENERAL DISCUSSION

It is a common (sadly, perhaps not everyday) experi-
ence that discrimination between two wines can be en-
hanced by taking alternate sips of each in fairly close suc-
cession. In these circumstances, the distinctive features of
each become apparent in a way that would not otherwise
be possible. It is this sort of experience—as much as any
prediction from formal theorizing—that leads to the pro-
posal that perceptual learning effects will be more evi-
dent when the stimuli to be discriminated are presented
concurrently in the preexposure phase. This proposal was
tested in experiments in which rats were given concurrent
exposure to two similar fluids, one of which had an added
distinctive feature. They were then given a test that re-
quired discrimination between a subsequently trained CS
and a compound of this CS and the distinctive feature. En-
hancement of the perceptual effectiveness of the feature
might be expected to improve discrimination (i.e., reduce
generalization between the CS and the compound).

The results of these experiments lend no support to
the proposal. Preexposure in which the stimuli were pre-
sented in alternation was found to be more effective in
limiting generalization than preexposure in which they
were presented in separate blocks of trials (confirming
a result well established by previous research). However,
in the alternating procedure, presentations of the stimuli
were spaced several hours apart, and reducing this interval
by making them available concurrently did not enhance
discrimination. Indeed, in Experiment 1, concurrent expo-
sure was found to enhance generalization between the two
flavors—a result that we attributed to the formation of ex-
citatory associations between the cues during preexposure
(see also Alonso & Hall, 1999). When this effect was con-
trolled for (Experiments 2 and 3), the difference between
the concurrent and alternating preexposure schedules was

eliminated, although both showed an advantage in com-
parison with the blocked schedule (Experiment 3).

Current explanations for the differing effects of the al-
ternating and blocked schedules have been based on as-
sociative principles (Hall, 2003; McLaren & Mackintosh,
2000)—specifically, in terms of effects produced by the
formation of associations among the various components
of the compound stimuli used in these procedures. In the
version proposed by Hall (2003), the critical factor is that
the presentation of X allows for the associative activation
of A by way of the X—A association formed on an ear-
lier trial. It is this associative activation that is proposed to
maintain the effective salience of A. From this perspective,
the absence of a difference between the concurrent and
alternating schedules is to be expected. Given the standard
assumption that associative links tend to be long lasting,
there is no reason why the rapid alternation allowed by the
concurrent schedule should be more effective than alterna-
tion in which the stimulus presentations are well spaced. To
this extent, the present results are consistent with current
theorizing. It could be argued, however, that an account
that emphasizes the number of alternations between AX
and X—rather than the interval between them—might still
expect a difference between the CNC and ALT groups of
Experiment 3. Concurrent preexposure will result in more
alternations if the rat switches frequently between the
tubes. This will still be true even if—as our informal obser-
vations indicate—the rats in the concurrent condition tend
to drink all of one solution before switching to the other.
Under these conditions, there are likely, on average, to be
twice as many alternations in the concurrent condition as
there are in the alternating condition. The absence of a dif-
ference must mean that one or another of our assumptions
is wrong. The most obvious is that this analysis has failed
to take account of the fact that on any given X trial, the ani-
mals in the ALT group will have drunk twice the amount
of AX on the preceding trial than what was available to
animals in the CNC group. The stronger X—A association
generated by this more extensive exposure to AX could
well compensate for the reduced number of alternations
experienced in the ALT condition.

It remains the case, however, that facilitated discrimina-
tion as a result of concurrent exposure appears to be—as
we have already noted—a fact of common experience, and
there is some experimental evidence from early studies of
animal discrimination learning that appears to substanti-
ate this claim. Spence’s (1936) account of discrimination
learning, which dealt only in terms of the acquisition of
associative strength by individual cues, was challenged by
attempts to show that simultaneous discrimination proce-
dures were more effective than successive training proce-
dures, the suggestion being that the former allowed the
possibility of comparison between the cues, whereas the
latter did not. The proper interpretation of many of these
studies is debatable (see Sutherland & Mackintosh, 1971,
for a review); however, one study by Saldanha and Bitter-
man (1951) seems to make the point. In this study, rats were
trained on two simultaneous discriminations concurrently.
One group received trials on which choice lay between two
different shades of gray, intermixed with trials on which
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the choice was between wide and narrow stripes. A second
group received trials in which the positive gray was paired
with the nonrewarded stripe width, intermixed with other
trials in which the positive stripe width was presented with
the nonrewarded gray. The first group thus got the chance
to compare each pair of similar stimuli, whereas the sec-
ond group did not. Saldanha and Bitterman found that the
first group learned the discrimination more readily than
did the second group, and they concluded that comparison
promoted discrimination learning.

It should be noted, however, that this result does not
necessarily imply that comparison facilitates perceptual
learning. It suggests that the opportunity for comparison
available to the first group made them better able to per-
ceive the distinctive features of the cues (and thus bet-
ter able to form the appropriate associations with reward
and nonreward), but it does not demonstrate the opera-
tion of a learning process that produces some longer term
change in the perceptual effectiveness of the stimuli. In a
more recent study with pigeons as the subjects, Wills and
Mackintosh (1999) made use of the same basic design,
the stimulus pairs being rectangles that differed in lumi-
nance and stars that differed in the number of points they
possessed. In their Experiment 1, they found that the op-
portunity for comparison bestowed an advantage, but only
in the case of the luminance discrimination. They con-
cluded that this effect was best explained in terms of the
operation of a low-level sensory process that—at least for
some stimulus dimensions (and luminance is an obvious
candidate)—allows the contrast between simultaneously
presented, similar stimuli to enhance the perceived differ-
ence between them. This enhancement would facilitate the
acquisition of the associations required for discriminative
performance, but it would not necessarily produce longer
term changes in the effectiveness of the stimuli. In another
experiment, Wills and Mackintosh showed that the benefi-
cial effect of initial training on a simultaneous luminance
discrimination was not sustained when the pigeons were
given a test in which the stimuli were presented individu-
ally rather than concurrently.

These considerations help to resolve the apparent dis-
crepancy between the present results and the intuitions
that arise from everyday experience. Comparison between
two flavors presented repeatedly in quick succession may
indeed facilitate immediate discrimination between them
during the course of their presentation. However, the ef-
fects need not be evident when the subjects are required to
make a discrimination some time later. Perceptual learn-
ing effects can be seen on such a test, but these are gener-
ated as readily by exposure in which the stimulus presen-
tations are widely spaced as by exposure in which they are
presented concurrently.
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