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Espinet, Iraola, Bennett, and Mackintosh (1995) dem-
onstrated that long alternated exposures to two compound
flavors, AX and BX, containing a common element, X,
followed by the conditioning of an aversion to A, is suf-
ficient to establish B as a conditioned inhibitor of the un-
conditioned stimulus (US) used to reinforce aversive con-
ditioning. In their Experiments 1 and 3, B was slow to
acquire aversive properties when paired with the US it-
self (a retardation test for inhibition); in their Experi-
ments 2 and 4, B reduced the aversion conditioned to an-
other conditioned stimulus (CS; a summation test for
inhibition).Exposure to A and B in the absence of the com-
mon element, X, was not sufficient to produce the retar-
dation effect (their Experiment 3). And when AX and BX
exposures were short, it did not produce the summation
effect (their Experiment 4). Alternative explanations (la-
tent inhibition, external inhibition, and generalization
decrement) were considered and discounted.The Espinet
et al. results show that long alternatedpreexposures to two
neutral stimuli that share a common element are sufficient

to create an inhibitoryassociation between them. In order
to measure this silent inhibitory association, subsequent
first-order conditioningis necessary, as is done to demon-
strate that two neutral stimuli are excitatory associated.
For example, Rizley and Rescorla (1972) demonstrated
that after a tone has been paired with a light, and the light
then paired with a shock, rats are frightened by the pre-
sentation of the tone, even though the tone itself has
never been presented with the shock.

The results of Espinet et al. (1995) seem to contradict
what would be expected according to the theory of me-
diated generalization or acquired equivalence (e.g., Hall,
1991): If two stimuli, A and B, are both associated with
a third common stimulus, X, this should enhance gener-
alization between them. But, in practice, prolonged pre-
exposure to one or two compound stimuli that share some
common elements tends to facilitate the subsequent dis-
criminationbetween them (i.e., a perceptual learning effect
is observed) rather than increase generalization between
them (for empirical evidence on spatial discrimination
tasks in a maze, see Chamizo & Mackintosh, 1989, Ro-
drigo, Chamizo, McLaren, & Mackintosh, 1994, and
Sansa, Chamizo, & Mackintosh, 1996; in a Morris pool,
see Prados, Chamizo, & Mackintosh, 1999; with a taste
aversion procedure, see Artigas & Chamizo, 1994, Ben-
nett, Wills, Wells, & Mackintosh,1994, Mackintosh,Kaye,
& Bennett, 1991, and Symonds & Hall, 1995). In the Ar-
tigas and Chamizo study (1994), rats were injected with
lithiumchloride after drinking a solution with a distinctive
flavor. Then, both the aversion to the conditioned flavor
and the generalization to a new and nonconditioned fla-
vor were measured. Rats preexposed and conditioned to
either a single flavor, A or B, or to a compound one, AX
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In Experiments 1A, 1B, and 1C, nonhuman subjects, rats, received long alternated exposures to two
compound flavors, AX and BX, that shared one flavor in common, X. Following this, conditioning of an
aversion to A was sufficient to establish B as a conditioned inhibitor of the aversive unconditioned
stimulus, passing both summation and retardation tests. Two additional experiments (Experiments 2
and 3) expanded the generality of these results to humans, using similar designs but an auditory dis-
crimination learning task. A set of notes sequentiallypresented servedas cues and fictitious composers
served as outcomes. Both summation and retardation effects were found (Experiments 2 and 3, re-
spectively). Experiment 4 then sought to clarify the mechanism underlying these effects. The results
are discussed within several theoretical frameworks, most centrally the McLaren, Kaye, and Mackin-
tosh (1989) theory of perceptual learning.
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or BX, showed less aversion to the preexposed and condi-
tioned flavor than did nonpreexposed rats (i.e., latent in-
hibition effect was found in both cases). Most important,
preexposure to the compound flavor, either AX or BX,
facilitated the subsequent discrimination between these
two compounds (i.e., a perceptual learning effect was ob-
tained), and this facilitation did not occur when simple
flavors were used. The explanationfavored by the authors
referred to the latent inhibitionacquired by X during pre-
exposure: Only when the compound stimuli were used,
AX and BX, the associability of the element shared by
the two, X, was reduced during preexposure, thus allow-
ing a subsequent good discriminationbetween both com-
pounds (McLaren, Kaye, & Mackintosh, 1989).

Espinet et al. (1995) explained their results within the
McLaren et al. (1989) theory of perceptual learning (see
Appendix A for a brief explanation of the McLaren et al.,
1989, model), although they noticed that a small modifi-
cation of the model was necessary. According to the orig-
inal McLaren et al. model, alternatedpreexposures to AX
and BX will produce strong within-compoundassociations
both between A and X and between B and X (Rescorla &
Cunningham,1978). These within-compoundassociations
will increase generalizationbetween AX and BX because
of the presence of X in both compound stimuli (i.e., due
to mediated generalization or acquired equivalence).But
eventually, in the presence of AX, X will activate a rep-
resentation of B, thus allowing the formation of an in-
hibitory association from A to B; in the presence of BX,
X will activate a representation of A, thus allowing the
formation of an inhibitory association from B to A. Such
mutual inhibitory associations between A and B, the
unique elements of the compound stimuli, will counteract
the previous increased generalization between AX and
BX. Although inhibition(negative weights) was allowed,
negative activation of units was not permitted.

The modification of the model proposed by Espinet
et al. (1995) consisted in allowing that the net activations
of the stimuli to vary between 21 and +1 (instead of be-
tween 0 and +1, as it is recommended in the model), so as
to permit negative activations. And when this is the case,
it is possible that B, activated through A in the condition-
ing phase, becomes a conditioned inhibitor of the aver-
sive US (this result is obtained when applying the equa-
tion for changing the weight between B and the aversive
US in the A®US conditioning trial; see Appendix A for
details of the McLaren et al., 1989, model), thus explain-
ing the summation and retardation effects they found.
Therefore, this explanation allows that a negatively acti-
vated stimulus (that is, B in the conditioning phase) can
change its associative strength.

Recently, Bennett, Scahill, Griffiths, and Mackintosh
(1999) haveproposed a second and simpler explanationfor
the Espinet et al. (1995) results, also within the McLaren
et al. (1989) model (although allowing that the activation
of the stimuli vary between 21 and +1, as suggested by
Mclaren in the Espinet et al. paper). It refers to an ex-
planation in terms of performance. Bennett et al. (1999)

havedemonstrated that a negativelyactivatedstimulus (i.e.,
B in the conditioningphase) cannot change its associative
strength. According to these authors, due to the mutual
inhibitory associations formed between A and B during
preexposure, in the test phase (be it either a retardation
or a summation test for inhibition), B will negatively ac-
tivate both the unique element A and the US now asso-
ciated with it, with the consequence of a negative impact
on the subject’s behavior. These authors contrasted the
two mechanisms by establishing unidirectional back-
ward inhibitory associations during the preexposure to
two compound flavors, AX and BX. Specifically, by pre-
exposing the AX pair reliably preceded by the BX pair in
a group of animals (thus allowing the formation of a
backward inhibitory association from A to B, an A¢B as-
sociation,and not vice versa), and the BX pair reliably pre-
ceded by the AX pair in a second group of animals (thus
allowing the formation of a backward inhibitory associ-
ation from B to A, a B¢A association,and not vice versa).
In the first case, an inhibitory association from A to B
should drive B negative during conditioning but have no
effect when B is presented on test. Conversely, in the sec-
ond case, an inhibitory association from B to A should
be without effect during conditioning but should affect
preferences on test. Their results favored the second
mechanism (Bennett et al., 1999), thus suggesting that
negatively activated stimuli cannot change their associa-
tive strength.

There is additional evidence that the preexposure sched-
ule is critical in generating a perceptual learning effect
when preexposing two compound solutions, AX and BX,
which contain a common element, X. Symonds and Hall
(1995; see also Bennett& Mackintosh,1999)have demon-
strated that alternate preexposures to two compound fla-
vors, such as AX and BX, are more effective in reducing
generalization between them than are preexposure treat-
ments in which the two flavors are presented in separate
blocks of trials (for a similar finding, see Honey, Bateson,
& Horn, 1994). Symonds and Hall suggested that the op-
portunity for stimulus comparison offered by the alternat-
ing schedule could be important in a process of perceptual
learning that is responsible for the reduced generalization.
This explanationwas suggested to substitute for the mech-
anism of the formation of the mutually inhibitory associa-
tions between A and B proposedby McLaren et al. (1989).
But in the study by Bennett and Mackintosh (1999), there
was the suggestion that the opportunity to compare stimuli
sharing a common element, such as AX and BX, can facil-
itate discrimination between them because their distinctive
features, A and B, are presumablyattendedto at the expense
of their common feature, X. Thus, a reduction in the interval
between alternating presentations of AX and BX should
provide greater opportunity for comparison and, conse-
quently, better discrimination.Bennettand Mackintosh’s re-
sults demonstrated that when the interval between expo-
sure to the compound stimuli, AX and BX, was reduced to
0 sec, the alternating schedule increased generalization be-
tween AX and BX, thereby suggesting that the reason why
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alternatingpreexposure is more effective than blocked pre-
exposure in reducing generalizationfrom AX to BX is that
such alternation allows the formation of inhibitory associ-
ations between A and B. (For an additional interpretation
concerning why a large amount of training is critical in
generating conditioned inhibition, see Yin, Barnet, &
Miller, 1994.)

The experimentswe present here had several purposes.
First, we wanted to determine whether we could repli-
cate the Espinet et al. (1995) results with nonhuman sub-
jects, rats, that received spaced alternated preexposures
to two compound flavors, AX and BX, containinga com-
mon element, X, followed by the conditioningof an aver-
sion to A: Would this treatment be sufficient to establish
B like a stimulus that performs as a conditionedinhibitor
of the US, passing both summation and retardation tests
for inhibition (Experiments 1A, 1B, and 1C)? Second,
and most important, these experiments were intended to
expand the generality of these results to humans using
similar designs but an auditory discrimination learning
task, in which a set of notes sequentiallypresented served
as cues and fictitiouscomposers served as outcomes (Ex-
periments 2–4). There are very few behavioral prepara-
tions for studying Pavlovian conditioning with humans
(but see and Arcediano, Ortega, & Matute, 1996; Pineño,
Ortega, & Matute, 2000; and Shanks & Dickinson,1991).
Human judgments of causality have been a frequent
measure in recent years. In fact, human judgments of
causality and animal conditioning studies are viewed as
analogues by many authors (e.g., Skanks & Dickinson,
1987; Wasserman, 1993; Young, 1995). But we believe
that the use of a behavioral preparation provides a more
appropriate measurement than does the use of verbal
judgments.There are sufficient demonstrations that many
undesired variables can influence verbal judgments. For
example,Matute,Arcediano,and Miller (1996) have shown
that small differences in the way the test questions or the
names of the fictitious causes and effects in verbal causal
preparations are phrased can substantially influence the
results. Catena, Maldonado, and Cándido (1998) have re-
cently demonstrated that how frequently the subjects are
asked to give a judgment is also an important variable.
They found different results when asking for trial-by-trial
judgments in comparison with the judgments they ob-
tained once the subjects were presented with all the infor-
mation. It has been suggested that different and inde-
pendent learning systems could be responsible for the
verbal judgments on one hand and for the behavioral data
on the other hand (Shanks & St. John, 1994). For these
reasons, in the present human experiments, we used a
new behavioralpreparation for human subjects.The ques-
tion of interest was whether spaced alternated exposures
to two compound “melodies,” XA and XB, containing a
melody in common, X, followed by the conditioning of
one melody, A, to a fictitious composer is sufficient to
establish melody B as a possible conditioned inhibitor of
the specific composer associated with melody A, thereby
passing both summation and retardation tests for inhibi-

tion (Experiments 2 and 3). In addition, a complementary
experiment, Experiment 4, was designed to try to clarify
which of the two proposed explanationswithin the frame-
work of the McLaren et al. (1989) model is responsible for
B performing as a conditioned inhibitor of the composer
associated with A. Other theories are also considered.

EXPERIMENT 1

In Espinet et al.’s (1995) Experiment 1, three groups of
rats were preexposed to AX and BX on alternate days.
Each compound solution was presented 24 h apart. Then
two groups received an injectionof lithium chloride, one
of them after drinking A (Group A+) and the second
group after drinking X (Group X+); a third, control group
received an injection of physiological saline after drink-
ing A (Group A). Following this, all rats were trained on
an aversion to B; consumption of B was paired with a
lithium chloride injection (a retardation test). Group X+
conditioned an aversion to B more rapidly than did
Group A, the control group, and Group A+ conditioned
the aversion to B more slowly than did Group A. Their
interpretation was that, in Group A+, B became a condi-
tioned inhibitorof the US. In their second experiment, Es-
pinet et al. wanted to see whether, in Group A+, B would
pass a summation test of conditionedinhibition.Their ex-
periment had two groups, A+ and A. All rats were preex-
posed to AX and BX. Then, after drinking A, rats in
Group A+ received an injection of lithium chloride, and
rats in Group A received an injection of saline. In the
next phase of the experiment, all animalswere given a new
fluid, Q, and its consumption was paired with a lithium
injection. In the final phase of the experiment, rats were
given a compound solution to drink, BQ, and the aversion
to this solution was measured (a summation test). They
found that Group A+ showed less aversion to the com-
pound solution, BQ, than did Group A. As in their first
experiment, their interpretation was that, in Group A+, B
became a conditioned inhibitor of the US.

The present Experiments 1A and 1B were designed to
replicate this summation effect. Experiment 1A had three
groups: Group A+, Group A, and Group Au+. Following
alternated exposure to AX and BX, rats in Group A+ re-
ceived an injection of lithium chloride after drinking A,
whereas rats in Group A received the same injection but
24 h before drinking A. The third group, Group Au+, was
added to determine whether exposure to A and B in the
absence of the common element, X, would be sufficient to
produce a (negative) summation effect. Then all animals
were given a new fluid to drink, Q, and its consumption
was paired with a lithium injection. In the final phase of
the experiment, rats were given a compound solution to
drink, BQ, and the aversion to this solution was measured
(a summation test). Experiment 1B had only two groups,
Group B+ and Group B. This experimentwas designed to
compensate for the lack of fluids counterbalancing in the
previous experiment. It was identical to Experiment 1A
except that, in the conditioningphase, all rats were allowed



INHIBITORY ASSOCIATIONS BETWEEN NEUTRAL STIMULI 49

to drink B, instead of A, and that, in the final phase of the
experiment, the compound solution to drink was AQ, in-
stead of BQ as in Experiment 1A. Experiment 1C also
had two groups, Group A+ and Group A. These groups
were identical to the Groups A+ and A in Experiment1A,
except that the final phase of the experiment was a retar-
dation test instead of a summation one.

Experiment 1A
Method

Subjects. The subjects were 22 naive Long-Evans rats, 12 males
and 10 females, approximately 3 months old at the beginning of the
experiment. They were divided into three groups, according to their
sex and consumptions in a preliminary phase: Group A+ (4 males
and 3 females), Group A (4 males and 3 females), and Group Au+
(4 males and 4 females). The rats were housed in pairs or in groups
of 3 in standard cages of polycarbonate plastic (50 cm long, 25 cm
wide, and 20 cm high) in a room in which the light /dark was from
0900 to 2100; they were tested within the last third of the light
cycle. They had ad-lib access to food but were on a water-deprivation
schedule. Throughout the experiment, the subjects had access to
water in the home cages for 15 min, approximately 6 h after the end
of the first experimental session. Therefore, they could drink three
times a day during preexposure (twice during the preexposure ses-
sions and once in the home cages) and only two times a day for the
rest of the experiment.

Apparatus. The experimental cages were standard cages of hard
plastic (25 3 25 3 20 cm), painted black, and situated in the same
room as the home cages, but on an opposite wall. The different so-
lutions were presented to the subjects through a graduated 25-ml
glass tube, which ended with a metal spout (3 cm long) inserted into
each cage. The tube rested on the steel grid cover of the cage, form-
ing an angle of approximately 45º with the base of the cage, in such
a way that the spout reached into the middle of the cage. It was se-
cured so that it did not move when the rats were drinking. The dif-
ferent solutions were the following: citric acid, referred to as A
(0.3%); table salt, referred to as B (0.5%); sodium saccharin, re-
ferred to as X (0.03%); and quinine, referred as Q (0.00005 M), al-
ways diluted with distilled water.

Procedure. The water-deprivation schedule lasted for 6 days. On
Day 1, the rats had access to tap water in their home cages for 5 h,
and then the access time was reduced by 45 min each day, so that
on Day 6, access time to water was 75 min. Then, pretraining began.
The rats had 3 days of water in the experimental cages, twice a day,
with 5 h between sessions. At the end of pretraining, the subjects
were assigned to the three groups. The next 10 days constituted the

preexposure phase (see Table 1). The rats in Groups A+ and A had
separated access to the two compound solutions, AX and BX; the
rats in Group Au+ had separated access to the single solutions, acid
and salt. These solutions, compound or single, were each presented
once on each day, with an interval of 5 h between them. The next 4
days constituted the conditioning phase. During this phase and also
for the rest of the experiment, the rats had only one drinking session
in the experimental cages instead of two. In this session, on the 1st
and 3rd days of the conditioning phase, the rats in Group A+ and
Au+ had access to acid (A), and the rats in Group A had access to
tap water; approximately 5–10 min after consumption, all rats re-
ceived an intraperitoneal injection of LiCl (0.15 M, 10 ml/kg). On
the 2nd and 4th days, the rats in Group A+ and Au+ had access to
water, and the rats in Group A had access to the acid solution (A).
The following day, all rats received acid (A) in order to evaluate the
aversion for it. After 2 days of rest in which the rats had access to
water in the experimental cages, all rats were conditioned to a new
solution, quinine (Q) for 1 day. Then, after 1 day of rest in which the
rats had access to water in the experimental cages, all rats had ac-
cess to the quinine solution (Q) in order to evaluate the aversion for
it. The summation phase constituted the next and last day of the ex-
periment. All rats had access to a compound solution formed by
salt–quinine (BQ). All flavor presentations were 15 min in duration.

Results and Discussion
In the preexposure phase, during the last two presen-

tations of the acid–saccharine compound (AX), Groups
A+ and A had mean consumptions of 3.9 and 3.8 ml, re-
spectively, and the mean consumption in the last two pre-
sentations of acid in Group Au+ was 2.6 ml (Fs , 1.5).
In the last two presentations of the salt–saccharine com-
pound (BX), Groups A+ and A had mean consumptions
of 11.2 and 10.2 ml, respectively, and the mean consump-
tion in the last two presentationsof salt in Group Au+ was
7.6 ml [F(2,19) = 5.23, p , .05]. Additional analysis
showed that the salt–saccharine compound (BX) was con-
sumed more than the salt solution (B). In the first condi-
tioning phase, the mean consumptionsof the acid solution
(A) of the three groups, averaging the two presentationsof
this solution, were of 2.3 ml for Group A+, 2.2 ml for
Group A, and 1.9 ml for Group Au+ (F , 0.5). In the test-
to-A day, the consumptions of the acid solution (A) of
the three groups were 0.7 ml for Group A+, 2.1 ml for
Group A, and 0.8 ml for Group Au+ [F(2,19) = 4.85, p ,
.05]. Newman–Keuls pairwise comparisons showed that
Groups A+ and Au+ did not differ and that both did dif-
fer from Group A. In the second conditioning phase, the
mean consumptionsof the quininesolution (Q) of the three
groups were 1.5 ml. for Group A+, 2.0 ml for Group A,
and 3.3 ml for Group Au+ (F , 3.0).

Figure 1 shows the mean consumption of the quinine
solution (Q) in the test day and of the salt–quinine solu-
tion (BQ) in the summation test day. On the test-to-Q day,
the intake of the three groups did not differ (F , 0.5), on
the summation test day, the groups did differ [F(2,19) =
5.82, p , .05]. Newman–Keuls pairwise comparisons
showed that Group A+ differed from Groups A and Au+,
which did not differ between themselves. In conclusion,
these results show a clear summation effect: In Group A+,
the presence of B reduced the suppression of intake of Q
induced by pairing Q with LiCl, whereas in Group A, it

Table 1
Design of Experiment 1

Group Preexposure* Cond A Cond Q Summation Test

Experiment 1A
A+ AX, BX A+ Q+ BQ
A AX, BX +A Q+ BQ
Au+ A, B A+ Q+ BQ

Experiment 1B
B+ AX, BX B+ Q+ AQ
B AX, BX +B Q+ AQ

Experiment 1C Retardation Test
A+ AX, BX A+ B+
A AX, BX +A B+

A, acid; B, salt; X, saccharin; Q, quinine; +, LiCl (always 0.15 M).
*Each solution (compound or single) was presented every day with 5 h
difference.
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did not. But B did not reduce the suppression of intake
of quinine in Group Au+. This group did not differ from
Group A and did differ from Group A+. Preexposure to
A and B in the absence of X was insufficient to produce
the (negative) summation effect.

Experiment 1B
Method

Subjects and Apparatus. The subjects were 16 naive Long-
Evans rats, 8 males and 8 females, approximately 3 months old at
the beginning of the experiment. They were divided, according to
sex and consumption during the preexposure phase, into two groups,
Group B+ and Group +B, of 4 males and 4 females each. The rats
were caged in pairs or in groups of 3 and were maintained under the
same conditions as in Experiment 1A. The different solutions and
the apparatus were the same as in Experiment 1A.

Procedure. The schedule of water deprivation, the preliminary
phase, and the preexposure phase were identical to Experiment 1A,
as well as the general procedure of the experiment (see Table 1 for
condensing tables). On the preexposure phase, all rats had access to
the two compound solutions, AX and BX. The next phase was the
conditioning one. On the 1st and 3rd days of this phase, the rats in
Group B+ had access to salt (B), and the rats in Group +B had ac-
cess to tap water; and approximately 5–10 min after consumption,
all rats received an intraperitone al injection of LiCl (0.15 M,
10 ml/kg). On the 2nd and 4th days, the rats in Group B+ had ac-
cess to water, and the rats in Group B had access to the salt solution

(B). The following day, all rats received salt (B) in order to evalu-
ate the aversion for it. After 2 days of rest, all rats were conditioned
to quinine (Q). Then, after 1 day of rest, the rats had access to the
quinine solution (Q) in order to evaluate the aversion for it. The sum-
mation phase constituted the next and last day of the experiment.
The rats had access to a compound solution formed by acid–quinine
(AQ).

Results and Discussion
In the preexposure phase, in the last two presentations

of the acid–saccharine compound, Groups B+ and B had
mean consumptionsof 3.7 and 4.2 ml, respectively (Fs ,
1.0); in the last two presentations of the salt–saccharine
compound, the mean consumption was 9.9 ml for both
groups. In the conditioning-to-B phase, the mean con-
sumptions for the salt solution, averaging the two presen-
tations of it, for Groups B+ and B, were 6.6 and 7.6 ml,
respectively (F , 0.5). In the test-to-B day, the mean con-
sumptions of the salt solution for Groups B+ and B were
2.2 and 8.5 ml, respectively [F(1,14) = 13.62, p , .01].

Figure 2 shows the mean consumption of the quinine
solution (Q) in the test day and of the acid–quinine solu-
tion (AQ) in the summation test day. On the test-to-quinine
day, the intake of the groups did not differ (F , 1.5). On
the summation test day, the analysis showed that the
groups did differ [F(1,14) = 13.86,p , .01]. These results
show a clear summation effect: Only in the B+ Group did
the presence of A in the summation test reduce the sup-
pression of intake of quinine. Therefore, A seemingly
acted as conditioned inhibitor in Group B+ but not in
Group B.

Experiment 1C
Method

Subjects and Apparatus. The subjects were 23 Long-Evans
rats, 11 males and 12 females, approximately 5-months old at the
beginning of the experiment, that had previously participated in a
swimming-pool experiment. They were divided into two groups,
A+ (5 males and 6 females) and A (6 males and 6 females), matched
for sex, and consumption on the preexposure phase. Two rats from
the A+ Group (1 male and 1 female) died during the experiment—
one of them, for unknown reasons, at the end of the preexposure
phase, and the second one after the first injection of LiCl—leaving
a total of 4 males and 5 females in this group. The rats were caged
and maintained under the same conditions as in the previous exper-
iments. The different solutions and the apparatus were also the
same as in Experiments 1A and 1B.

Procedure. The schedule of water deprivation, the preliminary
phase, and the preexposure phase were identical to Experiments 1A
and 1B, as well as the general procedure of the experiment (see
Table 1). The conditioning phase lasted 4 days. On the 1st and 3rd
days of this phase, the rats in Group A+ received the citric acid so-
lution (A), and the rats in Group A had access to tap water; ap-
proximately 5–10 min after consumption, all rats received an in-
traperitoneal injection of LiCl (0.15 M, 10 ml/kg). On the 2nd and
4th days, the rats in Group A+ had access to water, and the rats in
Group A received citric acid solution (A). The following day, all
rats had access to the citric acid solution (A) in order to evaluate the
aversion for it. Then, the retardation phase began. All rats had ac-
cess to the salt solution for 2 alternate days; between these days,

Figure 1. Mean intake of the quinine-alone solution (Q) and of
the compound solution salt + quinine (BQ) in the tests of Exper-
iment 1A.



INHIBITORY ASSOCIATIONS BETWEEN NEUTRAL STIMULI 51

they received water in the experimental cages. Approximately
5–10 min after drinking the salt solution, they received an in-
traperitoneal injection of LiCl (0.15 M, 10 ml/kg).

Results and Discussion
In the preexposure phase, the mean consumptions for

Groups A+ and A in the last two presentations of the
acid–saccharine compound (AX) were 3.8 and 3.9 ml,
respectively (Fs , 0.5). Also in the preexposure phase,
in the last two presentations of the salt–saccharine com-
pound,Groups A+ and A had mean consumptionsof 11.6
and 11.1 ml, respectively (Fs , 0.5). In the conditioning
phase, the mean consumptions of the acid solution (A)
averaging the two presentations of this solution, were
3.2 ml and 3.8 ml for Groups A+ and A, respectively.
These differences were not significant (F , 1). In the
test-to-A day, the consumptions of the acid solution (A)
were 0.2 and 4.0 ml for Groups A+ and A, respectively
[F(1,19) = 138.81, p , .01].

Figure 3 shows the mean consumptions of salt (B) for
the two groups over the course of the retardation test. An
analysis of variance (ANOVA), with groups and days as
factors, revealed a significant effect of groups [F(1,19) =
6.08, p , .05] and days [F(1,19) = 36.65, p , .01]; the
interaction was not significant (F , 1.3). In this experi-
ment, Group A+ conditionedan aversion to B more slowly
than did Group A, a result that can be attributed to a re-

tardationof excitatory conditioningdue to prior inhibitory
conditioning during preexposure.

EXPERIMENT 2

In Experiment 1, we replicated the finding that after a
long and alternatedpreexposure to two compound flavors,
AX and BX, which shared a common element, X, condi-
tioning to A (or to B) is sufficient to establish B (or A) as
a stimulus that performs like a conditioned inhibitor of
the US, passing both summation and retardation tests for
inhibition, thereby replicating the findings of Espinet
et al. (1995). In Experiments 2 and 3, we wanted to expand
the generalityof these effects. For this reason,we used a dif-
ferent procedure and scenario (a behavioral preparation—
specifically, an auditory discrimination task—in which a
set of notes served as cues and fictitious composers served
as outcomes, instead of the taste aversion preparation of
Experiment 1), humans as subjects (instead of rats), and a
sequential presentation of the CS stimuli (instead of si-
multaneous presentations). Due to the fact that the
McLaren et al. (1989) model predicts that initial within-
compound associations between A and X and between B
and X are necessary to eventually obtain a mutual in-
hibitory link between A and B while presenting AX and
BX, with the last procedural change we intended to see
whether the processing of sequentially presented stimuli
could affect in the final inhibitory associations. This is
important because it has been suggested (Dwyer, Mack-
intosh, & Boakes, 1998) that within-compound associa-
tions between simultaneously presented stimuli could be
a critical factor in obtaining reevaluationeffects, whereas
within-compound associations between sequentiallypre-
sented stimuli would favor mediated conditioning.

In Experiment 2, two groups of undergraduate subjects
were exposed in Phase 1 to three alternated compound
auditory stimuli, XA, XB, and YC, two of which, XA
and XB, contained one stimulus in common, X. Each
compound stimulus was formed by eight consecutive
notes (notes 1–4 were the first stimulus, X or Y, and
notes 5–8 were the second stimulus, either A, B, or C).
In Phase 2, all subjects received four compound melodies,
QS, RA, SM, and LR, which were differentially assigned
to two composers, Composer Black and Composer Red.
The subjects were told to guess which of the two com-
posers was responsible for each compoundmelody:Specif-
ically, in the presence of each compound melody, they
had to make a choice between two response buttons, one
black (indicating Composer Black) and the other red (in-
dicatingComposerRed). Feedback was always given after
each buttonpress. For half of the subjects, after the pre-
sentation of either RA or QS, pressing the black button
(i.e., choosing Composer Black) was acknowledged as
correct and pressing the red button (i.e., choosing Com-
poser Red) was incorrect; after LR or SM, pressing the
black button (i.e., choosing Composer Black) was ac-
knowledged as incorrect and pressing the red one (i.e.,
choosingComposer Red) was correct. Exactly the reverse

Figure 2. Mean intake of the quinine-alone solution (Q) and of
the compound solution acid+quinine (AQ) in the tests of Exper-
iment 1B.
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was correct for the other half of the subjects. Therefore,
for all the subjects, the two melodies R and S were specif-
ically conditioned to be ambiguous. During Phase 3,
without feedback, one group of subjects received the com-
pound melodies QS, SM, and QB, and the second group
received QS, SM, and QC. As in Phase 2, they were
asked to guess which of the two composers was respon-
sible for each compound melody. QB and QC were the
crucial test trials, and the choice of the composer asso-
ciated with A (either Red or Black) was measured. Be-
cause it was expected that B performed as a conditioned
inhibitor for the composer associated with A (referred to
as Composer 1, C1), the prediction for the test trials was
to obtain a smaller preference for Composer 1 with QB
than with QC (a summation test for inhibition).

Method
Subjects. The subjects were 66 psychology subjects at the Uni-

versity of Barcelona, with an average age of 22 years. They were as-
signed at random to one of two groups: Group Experimental (with
33 subjects) and Group Control (with 33 subjects). The subjects
were naive about the hypothesis of the experiment in which they
participated as volunteers.

Apparatus. The experiment was run in a large room (9 3 5 3
3 m high). A PC 386 computer, an interface, and six individual
small compartments inside the room were used. Each compartment
was equipped with one control box (9 3 15.5 3 6 cm high) placed

on a shelf, a set of headphones, and a chair from which the subject
could comfortably reach the box. The box had two response but-
tons (each 1 cm in diameter), one colored black to the left and one
colored red to the right. Above the buttons and in the middle of the
box, there were two small bulbs (each 1 cm in diameter), one above
the other. The upper bulb could be illuminated red, and the lower one
could be illuminated green. Both bulbs could be illuminated simul-
taneously. The computer was placed outside the individual compart-
ments, and it was programmed to execute three tasks: to generate
sounds, to collect the responses of the subjects on the two buttons
of the box through the interface, and to register the reaction time of
the subjects to press the response buttons. The auditory stimuli
were presented through the headphones to the subjects.

Procedure. A between-groups design was used in this experi-
ment (see Table 2). It lasted 3 days, and the subjects were run in
squads of 5 or 6 each. The experiment had three phases: Phase 1 =
preexposure (Days 1, 2, and 3); Phase 2 = discrimination learning
(Day 3); and Phase 3 = test trials (Day 3). At the beginning of each
day, the subjects received brief and specific instructions from the
experimenter. Phase 1 and Phase 2 were identical for all the sub-
jects. In this experiment, melodies B and C were counterbalanced.

During preexposure, three compound melodies, XA, XB, and
YC, were presented interspersed, 40 times each on Days 1 and 2,
and five times each on Day 3. Each compound melody was formed
by eight consecutive notes (notes 1–4 for the first melody, and notes
5–8 for the second melody) and lasted 5.33 sec (666.67 msec each
note). The compound stimuli were separated by an interval of
1.5 sec. All sets of four notes (single melodies) were equal in tim-
bre, intensity, and duration (invariable values). The subjects were
told to listen carefully to these stimuli. Discrimination learning in
Phase 2 consisted of the presentation, in a semi-random order, of
four types of compound melodies, QS, RA, SM, and LR, 24 times
each. A trial consisted of the presentation of one of these com-
pounds. Then, a warning signal appeared for 0.5 sec (the illumina-
tion of the two small lightbulbs simultaneously); at the end of it, the
subjects were allowed 4 sec to make a response. They had to press
either the black button or the red one. After their response, the sub-
jects received the feedback stimulus for 1 sec. The green light was
illuminated following a correct response, and the red light was il-
luminated following an incorrect response. Following feedback,
there was a 1.5-sec interval before the next trial began. For all sub-
jects, compound melodies QS and RA indicated a specif ic com-
poser (C1: Composer Red or Black, counterbalanced), and com-
pound melodies SM and LR indicated the alternative composer
(C2). The subjects were specif ically encouraged to be spontaneous
but not to hurry. On test, the task was identical to the second phase,
but no feedback was administered. Four compound melodies were
used in this phase: QS, SM, QB, and QC. Each subject was pre-
sented with three of them only, twice each. QS and SM were pre-
sented to all subjects, and they constituted known discrimination
trials. The final stimulus was different for the two groups: QB for
the experimental subjects, and QC for the control ones. QB and QC
constituted the critical test trial. For half of the experimental sub-
jects, the order of presentation of trials during Phase 3 was QS, SM,
QB, QB, SM, QS; for the other half, the order was QB, SM, QS, QS,
SM, QB. Similarly, for half of the control subjects, the order of pre-
sentations was QS, SM, QC, QC, SM, QS; for the other half, the
order was QC, SM, QS, QS, SM, QC. In the presence of QS and
SM, on discrimination trials, the choice ratio for the correct com-
poser was measured; in the presence of QB and QC, on test trials,
the choice ratio for Composer 1, the composer associated with A,
was measured.

On discrimination trials, with QS and SM, we expected no differ-
ences between groups, with all subjects responding correctly in the
presence of QS (i.e., Composer 1 correct) and SM (i.e., Composer 2
correct). But, on test trials, because Q indicated Composer 1 in
Phase 2 for all the subjects (i.e., the same composer associated

Figure 3. Mean intake of salt solution (B) over the 2 days of con-
ditioning in the retardation test of Experiment 1C.
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with A), our predictions were that the choice for Composer 1 would
be weaker when QB was presented (in the experimental group) than
when QC was presented (in the control group).

Results and Discussion
During Phase 3, on discrimination trials, the mean

choice ratios for the correct composer by the experi-
mental group were .73 with QS (i.e., Composer 1) and .76
with SM (i.e., Composer 2). For the control group, the ra-
tios were .75 with QS (i.e., Composer 1) and .84 with SM
(i.e., Composer 2). An ANOVA with groups and stimuli as
factors, showed that no main effect or interaction was
significant (Fs , 1.5).

The choice ratios for Composer 1 were .58 and .77 with
QB (experimental group) and with QC (control group),
respectively. The groups clearly differed, with less pref-
erence for Composer 1 (the composer previously associ-
ated with A) in the presence of QB than in the presence
of QC [F(1,64) = 4.04, p , .05].

In conclusion, the groups in Experiment 2 did not dif-
fer on the discriminationtrials, QS and SM (where a clear
preference for the correct composer was observed), but
they did on the QB and QC trials. In the first case, for the
experimental subjects, B performed as a conditioned in-
hibitor of Composer 1 in comparison with control subjects
(for whom C hardly affected the result expected based on
Q alone). Notably, in spite of the sequential presentation
of the stimuli, a clear summation effect was found, con-
trary to the suggestion of Dwyer et al (1998).

EXPERIMENT 3

Experiment 3 used a within-subjects design. The gen-
eral procedure was very similar to Experiment 2. In pre-
exposure, during Phase 1, the subjects were exposed to
three alternated compound melodies, XA, XB, and YC.

In Phase 2, they received two single melodies, A and Z
(each melody formed by four consecutive notes), which
were differentially assigned to the two composers, Black
and Red. The subjects were told to guess which of the two
composers produced each melody, pressing one of two
buttons, black or red, in the presence of that melody. Feed-
back was always given after each buttonpress. During
Phase 3, all subjects were presented with two new stim-
uli, B and C (the test trials), intermixed with A and Z (the
discrimination trials). B was assigned to Composer 1 (the
composer associatedwith A), and C was assigned to Com-
poser 2. The questionof interest was whether B would con-
dition less rapidly than C (a retardation test for inhibition).

Method
Subjects and Apparatus. The subjects were 19 subjects of psy-

chology at the University of Barcelona, with an average age of 20
years. They were naive about the hypothesis of the experiment in
which they participated as volunteers. The experiment was run in
the same room and with the same equipment as in Experiment 2.

Procedure. A within-subjects design was used in this experi-
ment (see Table 2), which had a general procedure very similar to
Experiment 2. As in Experiment 2, B and C were counterbalanced,
as were the composers, Black and Red. The experiment lasted 2
consecutive days, and the subjects were run in squads of 5 or 6 each.
Day 1 consisted of the alternate presentation of three compound
stimuli, XA, XB, and YC, 20 times each. Day 2 consisted of three
phases: preexposure (identical to Day 1), discrimination learning,
and test. Discrimination learning consisted of the presentation of
two single stimuli, A and Z. Each of them was formed by four con-
secutive notes and lasted 2.66 sec. A and Z were presented in a
semi-random order, 16 times each. Stimuli B and C were presented
four times each. They were intermixed with the last four presenta-
tions of A and Z. Trials with B and C constituted the retardation
phase, Phase 3. Both a discrimination trial and a test trial consisted
of the presentation of one stimulus (A, Z, C, or B) followed by
0.5 sec of the warning signal (the two small lightbulbs simultane-
ously illuminated); at the end of the warning signal, the subjects
were allowed 4 sec to press either the black button or the red one.

Table 2
Design of Experiments 2, 3, and 4

Groups Preexposure Discrimination Test

Experiment 2 Summation
Experimental XA, XB, YC QS, SM, QB

QS®C1+, SM®C2+
RA®C1+, LR®C2+

Control XA, XB, YC QS, SM, QC
Experiment 3 Retardation

XA, XB, YC A®C1+, Z®C2+ B®C1+, C®C2
Experiment 4 Direct Measure

MI XA, XB, XA, XB
B¢ A XA, XB/ XA, XB/ A®C1+, Z®C2 A, Z, B
A¢B XB, XA/ XB, XA/
MIR XA/ XB/ XA / XB/

X = si3, do4, si3, and la3; Y = mi4, fa4, sol4, and do4; A = do4, sol4, fa4, and mi4;
B = mi4, la3, re4, and si3; C = re#4, fa#4, mi4, and si3 (B and C were counterbalanced
in Experiments 2 and 3); Q = fa4, re4, do4, and re4; M =do4, re4, re4, and mi4; L =
sol4, do4, sol4, and re4; R = fa3, mi3, re3, and mi3; S = sol3, la3, fa3 and re3; Z = do4,
re4, and mi4; C1+ = Composer 1 correct; C2+ = Composer 2 correct; / = ringing tone
of 1.5 sec.
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After their response, the subjects received a feedback stimulus for
2 sec. The green light was illuminated following a correct response,
and the red light was illuminated following an incorrect response.
Following feedback, there was a 1.5-sec interval before the next
trial began. For all subjects, A and C indicated Composer 1 correct,
and Z and B indicated Composer 2 correct. As in Experiment 2, the
subjects were specifically encouraged to be spontaneous but not to
hurry. Both on the discrimination trials (with A and Z) and on the
test trials (with B and C), the choice ratio for the correct composer
in the presence of the stimuli was measured.

Results and Discussion
During Phase 2 (the discrimination training), on the

last two presentations of A and Z, the correct composer
was chosen 97.37% correctly in the presence of A, and
100% correctly in the presence of Z. These differences
were not significant (F , 1.0).

Figure 4 shows the choice ratios for the correct com-
poser in the presence of the test stimuli, B and C, in two
blocks of two trials each. The preference for the correct
composer appears to vary depending on the stimulus.
There is a smaller preference for the correct composer in
the presence of B (i.e., Composer 1) than in the presence
of C (i.e., Composer 2). An ANOVA, with stimuli and
blocks of two trials as factors, confirmed these impres-

sions. The only significant effect was stimuli [F(1,18) =
4.85, p , .05]. Neither the main effect of blocks of trials
nor the interaction of stimuli 3 blocks was significant
(Fs , 0.1). In conclusion, with a within-subjects design,
Stimulus B performed as a conditioned inhibitor for the
correct composer in comparison with Stimulus C: The
subjects learned the association C®Composer 2 faster
than the association B®Composer 1 (the composer as-
sociated with A). Thus, a clear retardation was observed.

EXPERIMENT 4

Experiment 4 was designed to tentatively clarify,
within the McLaren et al. (1989) model, which of the two
possible mechanisms (Espinet et al., 1995, or Bennett
et al., 1999) can best explain the results found in Experi-
ments 2 and 3. The Espinet et al. mechanism predicts that
Melody B would become a conditioned inhibitor of the
composer associated with Melody A because its level of
activation in the conditioning phase should have been
negative due to the high internal input of B because of the
presentationof A. Conversely,Bennett et al’s. mechanism
would predict that, in the test phase, B would activate a
negative representation of A and also of the composer as-
sociated with it in the previous conditioning phase, with
the consequenceof a negative impact on the subject’s pref-
erences for that composer. In Experiment 4, a distractor
stimulus (a noise) was used during preexposure as a new
procedure to obtain differential inhibitoryassociationsbe-
tween A and B among the groups.

In some sequence learning studies, it has been repeat-
edly observed that the presence of an irrelevant stimulus
causes a deficit in the subsequent recall of the sequence
(Colle & Welsh, 1976; Jones, 1993). However, in related
experiments, it has been observed that when subjects are
not specifically asked to learn a sequence, the perfor-
mance of alternative tasks does not affect in the subse-
quent recall of the sequence (Cleeremans, 1997; Jiménez
& Méndez, 1999). In order to explain these apparently
contradictory results, it has been argued that the processes
of explicit learning, in which a mental effort is required,
are dependent on attentional control, whereas the pro-
cesses of implicit learning are not (Schneider & Shiffrin,
1977). Implicit learning has been described as an auto-
matic associative process established among all the si-
multaneously active representations in short-term mem-
ory (Frensch & Miner, 1994; Stadler, 1995). Therefore,
it is possible that the presentation of an irrelevant noise
during the preexposure phase could result in a deficit for
learning the musical sequences because, in this phase, the
subjects are asked to pay a lot of attention to these se-
quences. The presentationof the irrelevant stimulus could
distract the subjects’attention.Consequently, they may not
fully process the stimuli that precede it. If this is accepted,
the effect of such a distractor within the McLaren et al.

Figure 4. Choice ratio for the correct composer in the presence
of the test stimuli, B and C, of Experiment 3.
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(1989) model could be to reduce the magnitude of the ex-
ternal input of the stimuli that immediately precede the
distractor.

Other theories of associative learning, like Wagner’s
SOP, can also explain these effects. According to Wag-
ner (1981), the presentation of a posttrial stimulus af-
fects the stimuli that immediately precede the posttrial
event. It produces a change from the A1 memory state to
the A2 memory state in a large fraction of the represen-
tational target stimulus elements. Due to this, the devel-
opment of the excitatory associationsamong them will be
interrupted, because associations are formed only among
the elements that are simultaneously activated in the A1
state. One implication is that the knowledge acquired
concerning the stimuli that precede the posttrial event is
weaker than what would otherwise have been acquired,
because a processingdeficit will be produced (in the Gen-
eral Discussion section, there is a more detailed expla-
nation of this model).

Suppose that a group of subjects receive alternated ex-
posures to Stimuli XA and XB, with XB presentationsal-
ways immediately followed by a noise, but never the XA
presentations. The noise would mainly reduce the pro-
cessing of B, the last stimulus presented, leaving the pro-
cessing of X little affected. This might influence the ex-
citatory within-compound X®B association, but not the
X®A one. The main consequenceof this would be that a

weaker X®B within-compound association will be
formed during preexposure in comparison with the X®A
within-compound association. Therefore, on XA pre-
sentations, Stimulus X should activate a representation of
a weak B (because the within-compound association
X®B is weak), which, when applying the equation for
the changing of weights (McLaren et al., 1989), would
allow a residual inhibitory association from A to B only.
Conversely, on XB presentations, Stimulus X should ac-
tivate a good representation of A (because the within-
compound association X®A is strong), which, when ap-
plying the equation for the changing of weights, would
allow a strong inhibitory association from B to A. It is
worth mentioning that because implicit learning is pre-
sumably automatic, a distractor stimulus should eliminate
neither the activation reached in B’s representation nor
the activationof any other representation (of A and X, for
example). Thus, the associative processes in which all the
activated representations could intervene will continue
their course as normal and until they reach a resting state.

Although we admit that this explanation is not exempt
from ambiguity, a simulation was performed to test the
role of a distractor. The effect of such a stimulus was (ar-
guably) simulated by reducing the magnitude of the stim-
uli that would have preceded the supposed distractor.
Three groups were simulated: Group MI (mutually in-
hibitory), Group B¢A, and Group MIR (mutually in-

Figure 5. Simulation of the preexposure phase for three of the groups of Ex-
periment 4: Group MI, Group B¢A, and Group MIR. Both the A¢B (solid
line) and the B¢A (dotted line) inhibitory association have been calculated for
the three groups (see text for further explanation).
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hibitory residual). In Group MI, the compound stimuli
XA and XB were alternately presented. In Group B¢A,
these compound stimuli were equally presented as in
Group MI, but in each XB presentation, the magnitude of
Stimulus B was reduced. In Group MIR, the compound
stimuli were presented as in Group MI, but, in each pre-
sentation, either XA or XB, the magnitude of both stim-
uli, A and B, was reduced. The results of this simulation
can be seen in Figure 5, which presents two inhibitory
measures for each group, from A to B (i.e., A¢B) and from
B to A (i.e., B¢A). Group MI (A¢B and B¢A) shows a
bidirectional inhibitory association between A and B,
which is clearly reduced in Group MIR (A¢B and B¢A),
for which practically no inhibitory association between A
and B is observed. Most important, Group B¢A shows a
strong inhibitory association from B to A (when measur-
ing the B¢A association), but a weak association from A
to B (when measuring the A¢B association). Thus, the
presentation of stimuli reduced in intensity seems to be
a plausible means of obtaining differential inhibitory as-
sociations between A and B among the groups, while al-
ternately preexposing XA and XB, within the framework
of the McLaren et al. (1989) model.

One aim of Experiment 4 was to see whether this new
procedure would be successful with subjects and func-
tionally equivalent to the long intertrial intervals used by
Bennett et al. (1999). In this experiment, a distractor stim-
ulus (a noise) was used as a new approach to illuminat-
ing the underlying mechanism in Experiments 2 and 3.
Admittedly, Experiment 4 hinged on our assumption that
a distractor stimulus has an effect equivalent to reducing
the intensity of the immediately preceding stimulus (i.e.,
melody). There were four groups (Group MI, Group B¢A,
Group A¢B, and Group MIR) and three phases (preex-
posure, discrimination, and test). The discrimination and
test phases were identical for all subjects. During preex-
posure, the four groups were alternately preexposed to the
compound stimuli XA and XB. In Group MI, this phase
was exactly as in Experiment 3, thus allowing good
within-compound associations to form between X and A
and between X and B. In Group B¢A, after each XB pre-
sentation, a noise was presented. The noise was expected
to interfere with the formation of an association from X to
B (but not from X to A). In Group A¢B, XA compounds
were immediately followed by a noise. This stimulus
would interfere with the formation of an association from
X to A (but not from X to B). Finally, in Group MIR,
each compound stimulus, either XA or XB, was imme-
diately followed by a noise. The noise was expected to in-
terfere with the formation of an association both from X
to A and from X to B. Applying the equation for chang-
ing of weights of the McLaren et al. (1989) model to the
four groups, differential inhibitory associations between
the unique elements of both compound stimuli, A and B,
were anticipated: in Group MI, mutual inhibitory asso-
ciations between A and B; in Group B¢A, an inhibitory
association from B to A stronger than that from A to B;
in Group A¢B, an inhibitory association from A to B

clearly stronger than that from B to A; and in Group MIR,
attenuated inhibitory associations between A and B.

During Phase 2 (discrimination), two single stimuli, A
and Z, were presented. As in Experiment 3, the subjects
were told to guess which of two composers (Black and
Red) was responsible for each melody by pressing one of
two buttons. Melody A indicated that Composer 1 was
correct, and Melody Z indicated that Composer 2 was
correct. Feedback was given after each buttonpress. Dur-
ing Phase 3 (test), without feedback, Stimulus B was pre-
sented, intermixed with presentations of Stimuli A and
Z. Melody B trials constituted the crucial test trials,
whereas A and Z allowed assessment of the discrimina-
tion trials. As in Phase 2, the subjects were told to guess
which of the two composers had created each melody (A,
B, and Z) by pressing one of the two buttons. On the dis-
crimination trials with A and Z, the number of responses
corresponding to the correct composer was measured.
On the crucial test trials with B, the preference for Com-
poser 1 (the composer associated with A) relative to
chance was measured in each group.

The Espinet et al. (1995) mechanism predicts that
Melody B would become a conditioned inhibitor of the
composer associated with Melody A because its level of
activation in the conditioning phase should have been
negative due to the high internal input of B because of
presentation of A. This mechanism permits a negatively
activatedstimulus to change its associative strength. If it is
correct, the preference for Composer 1 should have been
reduced in Groups MI and A¢B relative to Groups MIR
and B¢A, which should perform at the level of chance.
Conversely, the simpler Bennett et al. (1999) mechanism
does not allow that a negatively activated stimulus can
change its associative strength.Therefore, this mechanism
would predict that in the test phase, the mutual inhibitory
associations formed between Melody B and Melody A
during preexposure would allow B to activate a negative
representation of A and also of the composer now associ-
ated with it, with the consequenceof a negative impact on
the subject’s preferences for that composer. If it is correct,
we expected that there would be a smaller preference for
Composer 1 in Groups MI and B¢A than in Groups MIR
and A¢B, for which performance should appear at the
level of chance.

Method
Subjects and Apparatus. The subjects were 50 psychology

subjects at the University of Barcelona, with an average age of 22
years. They were assigned at random into four groups: Group MI
with 14 subjects, Group B¢A with 12 subjects, Group A¢B with 14
subjects, and Group MIR with 10 subjects. The subjects were naive
about the hypothesis of the experiment in which they participated
as volunteers. The experiment was run in the same room and with
the same equipment as in Experiments 2 and 3.

Procedure. A between-groups design was used in this experi-
ment (see Table 2) that lasted 3 consecutive days. The subjects were
run in squads of 5 or 6 each, with a few exceptions. The experiment
had three phases: preexposure (Days 1 and 2) and discrimination
learning and test (Day 3). Both at the beginning of each day and
also of each phase, the subjects received brief and specif ic instruc-
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tions from the experimenter (see Appendix B for the specific in-
structions of this experiment).

On Days 1 and 2, preexposure, two compound stimuli, XA and
XB, were presented, 40 times each. Each compound stimulus was
formed by eight consecutive notes (notes 1–4 serving as the first
stimulus, and notes 5–8 served as the second stimulus) and lasted
4.81 sec (600.0 msec each note). There was a pause of 0.01 sec be-
tween the common element of each compound stimulus, X, and ei-
ther A or B, the unique elements, in order to facilitate their dis-
crimination. For Group MI, the compound stimuli XA and XB were
alternately presented. For Group B¢A, the presentations were XA
first and then XB. After each XB presentation, there was a ringing
tone of 1.5 sec (the distractor stimulus). For Group A¢B, the pre-
sentations were XB first and then XA. After each XA presentation,
there was a ringing tone of 1.5 sec (the distractor stimulus). For
Group MIR, the compound stimuli were presented alternately and,
after each compound stimulus, either XA or XB, there was a ring-
ing tone of 1.5 sec (the distractor stimulus). The subjects were told
to listen carefully to these stimuli. Day 3 had three parts: preexpo-
sure, which was very brief and during which each group received
five presentations of each compound stimulus exactly as in the pre-
vious days; and discrimination learning and test, which were con-
ducted on Day 3 only and were identical for all subjects and which
consisted of the presentation of two single stimuli, A and Z, in a
semirandom order, 20 times each, with a maximum of three con-
secutive presentations of the same stimulus. A trial consisted of the
presentation of one stimulus (A or Z) followed by 0.5 sec of a warn-
ing signal (the red light and the green light simultaneously illumi-
nated); at the end of the warning signal, the subjects were allowed
4 sec to press either the red button or the black one. Pressing the red
button and the black button was counterbalanced with respect to

composers. After each response, the subjects received a feedback
stimulus (a green light after a correct choice, and a red light after an
incorrect choice) for 1.5 sec. Following feedback, there was a 1.5-
sec interval before the next trial began. During Phase 3, the test
phase, Stimulus B was presented twice, intermixed with two pre-
sentations of A and two presentations of Z. No feedback was pre-
sented. Trials with A and Z constituted discrimination assessment
trials, and trials with B constituted the critical test trials. For all sub-
jects, a B trial always followed two previous trials, one with A and
one with Z. The order of trials presentation was A, Z, B, Z, A, B.
The choice ratio for the correct composer was measured in the pres-
ence of A and Z, whereas the choice ratio for Composer 1 was mea-
sured in the presence of B.

Results and Discussion
During Phase 3, the mean choice ratios for the correct

composer for Group MI were .86 with A and .93 with Z;
for Group B¢A, they were .83 with A and .79 with Z; for
Group A¢B, they were .93 with A and .86 with Z; and for
Group MIR, they were 1.00 with A and .80 with Z. A clear
preference for the correct composer was observed in the
four groups, both with A and with Z. An ANOVA, with
groups and discriminativestimuli (A, Z) as factors, yielded
no main effect or interaction (Fs , 3.0).

Figure 6 shows the choice ratios for Composer 1 in the
presence of B for the four groups. As we can see, the
groups do differ. Groups MI and B¢A do not seem to dif-
fer, and both show suppression for Composer 1 in com-
parison with that of Groups A¢B and MIR, which do not
seem to differ. Four independent analyses were carried
out to see whether the groups did differ in relation to the
chance level in their preference for Composer 1 in the
presence of Stimulus B. Both Group MI [t (13) = 23.23]
and Group B¢A [t (11) = 23.55] did differ significantly
from the chance level, whereas neitherGroup A¢B [t(13) =
21.00] nor Group MIR [t(9) = 20.92] did. In conclusion,
Stimulus B performed as a conditioned inhibitor for
Composer 1 in Groups MI and B¢A, and this effect dis-
appeared in Groups A¢B and MIR. These results favor
the performance mechanism proposed by Bennett et al.
(1999), thus discounting the mechanism proposed by Es-
pinet et al. (1995) to explain that a spaced and alternate
preexposure to two compound stimuli, AX and BX, con-
taining a common element, X, followed by the condition-
ing to A, is sufficient to establish B as a conditioned in-
hibitor of the US or outcome used to reinforce A. Of
course, this conclusion is dependent on the assumption
that a prestimulus distractor is equivalent to reducing the
intensity of the stimulus.

GENERAL DISCUSSION

The present set of experiments was intended to demon-
strate that the same learning system is responsible for the
results found both with nonhuman subjects (Experi-
ment 1) and with human subjects (Experiments 2, 3, and
4). All the experiments were inspired by the McLaren
et al. (1989) theory of perceptual learning, a theory that
implements variations in associability within an associa-

Figure 6. Choice ratio for Composer 1 in the presence of B for
the four groups of Experiment 4.
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tive network employing a modified delta rule (see Mc-
Laren & Mackintosh, 2000, for a review of the research
that this model has generated). It is important to mention
that this model predicts both second-order excitationand
conditioned inhibition. Traditionally, the main tests to
measure conditioned inhibition are summation (the re-
duction in the response normally elicited by an excita-
tory CS) and retardation (the retardation of excitatory
conditioning to the supposed inhibitor; for a recent and
critical review of the literature, see Savastano, Cole, Bar-
net, & Miller, 1999). In Experiment 1, we used both sum-
mation and retardation tests to provide evidence that pre-
exposing rats to two compound stimuli (solutions AX
and BX) containing a common element (X) and then
pairing A with an US (lithium chloride) is sufficient to
establish B as a stimulus that can act as a Pavlovian con-
ditioned inhibitor of that US (for a similar finding using
a conditioned-suppression procedure, see Leonard &
Hall, 1999). We also expanded these results to humans
using a behavioral preparation, a discrimination task
with auditory stimuli sequentiallypresented. In our human
preparation, in order to obtain strong X®A and X®B
links (the within-compound associations), whenever a
compound stimulus was presented, the common element,
X, always appeared first and consisted of a set of four
consecutive notes that was followed by the unique ele-
ment, either A or B, both of which were also a set of four
consecutive notes. The present data suggest that the pro-
cedural differences between the nonhuman and human
experiments (i.e., the use of simultaneous presentations
of the stimuli vs. sequential presentations, simple Pavlov-
ian stimuli vs. more complex neutral stimuli, a taste
aversion preparation versus an auditory discrimination
task, and the use of two different species, rats vs. humans)
were not critical in obtaining these effects. Both sum-
mation and retardation were found in the human experi-
ments (Experiments 2 and 3, respectively), despite the
many procedural differences in comparison with the
nonhuman preparation. Finally, in Experiment 4, we ten-
tatively explored two accounts that can explain our results
within the McLaren et al. (1989) theory. This experiment
showed that the explanation in terms of performance pro-
posed by Bennett et al. (1999) was more successful than
the explanation proposed by Espinet et al. (1995). This
replicated with humans what Espinet et al. first demon-
strated with nonhuman animals. (With a similar design,
also with humans, although using a medical diagnosis
contingency judgment, Graham, 1999, obtained a similar
finding.)Notably,Experiment 4 demonstrated that the use
of a distractor stimulus might suffice to selectively allow
the formation of inhibitory associations.

The Espinet et al. (1995) suggestion of the McLaren
et al. (1989) model represents one step further within the
kinds of model that allow the associative strength of CS
stimuli to change in their physical absence. The modifi-
cation consists of allowing activations of stimuli to vary
between 21 and +1 (instead of between 0 and +1, as was
suggested in the original theory), so as to permit negative

activations. We agree with this suggestion. Its main con-
sequence consists of generating two different predictions
for the associativechange of absent but remembered stim-
uli. The first prediction refers to an absent stimulus that
is remembered in a standard conditioning trial via inter-
nal and positive input (i.e., the absent stimulus is ex-
pected to occur in this trial). When this is the case, an
excitatory association between the absent stimulus and
the outcome of that trial is predicted. The second predic-
tion also refers to an absent stimulus that is remembered
in a standard conditioning trial but via internal and neg-
ative input (i.e., the absent stimulus is not expected to
occur in this trial). When this is the case, an inhibitory
association between the absent stimulus and the outcome
of that trial is predicted (see AppendixA for more details).

Traditional associative theories, such as Rescorla and
Wagner’s (1972) model and Wagner’s SOP model, as-
sume that only the representations of the CS stimuli that
are physically present during a learning trial can gain as-
sociative strength. But subsequent modifications of both
the Rescorla–Wagner equation by Van Hamme and Was-
serman (1994) and Wagner’s SOP model by Dickinson
and Burke (1996; see also Larkin, Aitken, & Dickinson,
1998) allow that an absent stimulus can vary its associa-
tive strength. Although for different reasons, in both
cases the associative status of the absent stimuluschanges
in the opposite manner it would have done if the stimulus
had been physically present. By doing so, new findings
(e.g., backward blocking and other reevaluation effects)
can be explained. In backward blocking, experimental
subjects are first exposed to the CS1 + CS2®US pair-
ings and then to CS1®US pairings, whereas control ani-
mals do not receive CS1®US pairings. On test, in the
presence of CS2, only the control rats show a clear con-
ditioned response in comparison with the experimental
animals (for empirical evidence with nonhuman animals,
see Miller & Matute, 1996, and with humans, see Shanks,
1985).

According to Van Hamme and Wasserman (1994),
whenever an absent stimulus is remembered on a learn-
ing trial, its a value becomes negative. This explains
why its associative strength changes in the opposite man-
ner it would have done if being physically present. The
original Rescorla–Wagner equation cannot explain any
retrospective reevaluation effect. In contrast, Wagner’s
(1981) SOP model states that the elements of the node that
represent a stimulus can be either inactive (I) or in two
different states of activation (A1 and A2). When a stimu-
lus is physically present, most of its nodes are active in
the A1 state, and, gradually, its elements will decay into
the A2 state, a less active state. A node can be activated
by activation of another associated node that is in either
the A1 state or the A2 state. When this happens, the tar-
get node is activated in the A2 state only. According to
this model, an excitatory association between two nodes
(e.g., representing a CS and a US) will develop when they
simultaneously are in the A1 state, and an inhibitory as-
sociation will develop the node of the CS is in the A1 state
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and the node of the US is in the A2 state, but not vice
versa. The main modificationproposed by Dickinson and
Burke (1996) consists of allowing that excitatory associ-
ations will develop whenever two nodes simultaneously
are either in the A1 state or in the A2 state and that in-
hibitory associations will develop whenever they are in
different states, either A1–A2 or A2–A1. Equally im-
portant is the fact that these authors emphasize the im-
portance of within-compound associations. According
to Dickinson and Burke, whenever two neutral stimuli,
CS1 + CS2, are within-compound associated, the subse-
quent presentation of one of them (e.g., CS1) on a stan-
dard learning trial, CS1®US, will activate its own node
in the A1 state and also the node of the absent CS2 stim-
ulus in the A2 state. That is why the associative strength
of CS2, the absent stimulus, will vary in the opposite
manner it would have done if being physically present
(i.e., activated in the A1 state).

Considering recent research (e.g., Dwyer et al., 1998;
Harris & Westbrook, 1998), it is notable that modern as-
sociative theories are gradually accepting that the asso-
ciative strength of a stimulus can change in its absence
(for an alternative account in terms of performance, see
Miller & Matzel, 1988). In Dwyer’s et al. (1998) study, it
was suggested that a new associative link was formed be-
tween the representations of a CS and a US when the two
stimuli were physically absent. Many questions related to
how absent stimuli can change their associative strength
remain to be answered. Backward blocking can be con-
sidered as evidence that an absent stimulus can gain as-
sociative strength in the opposite manner it would have
done if being physicallypresent. But there is also evidence
that the memory of an absent stimulus can be equivalent
to presenting the stimulus itself, so that it can gain asso-
ciativestrength in the same way it would have done if being
physically present (Holland, 1981, 1990). As has been al-
ready suggested (Dwyer et al., 1998), this seems to be an
intractable theoreticalproblem. In Holland’s (1981) work,
experimental and control rats were presented with a tone
followed by flavored food pellets. The experimental an-
imals then received the tone followed by an injection of
LiCl, whereas the control rats received these two events
unpaired. Finally, all animals had free access to the food
pellets, and the experimental rats showed a clear aversion
to the food, relative to the controls. Holland’s explanation
was that, during the second phase, the tone activated a
memory of the food, and, once activated, the experimental
rats associated it with the LiCl (for an interpretation of
this mediated conditioning in terms of Wagner’s SOP
model, see Hall, 1996). It is difficult to understand re-
sults such as backward blockingon one hand and mediated
conditioning on the other. More theoretical and empirical
work is obviouslyneeded. (For an attempt to reconcile ret-
rospective revaluation of contingency judgments in ex-
periments with humans and mediated inhibitory condi-
tioning with nonhuman subjects, see Graham, 1999.)

In Experiments 1–3 of the present study, spaced alter-
nating preexposure to two compound stimuli, both con-

taining a common element, X, and a unique element, ei-
ther A or B, was followed by conditioning to A. Accord-
ing to Espinet et al. (1995), in the conditioningtrial, B (an
absent, remembered, and unexpected stimulus) becomes
a conditioned inhibitor of the consequence of this trial
because the level of activation of B is negative due to the
high internal input mediated by A. Presumably, the inter-
action of the negative activation of B with the positive
external input of the US of this trial determines the na-
ture of the association formed between B and the US,
which was inhibitory in this case (i.e., mediated inhibitory
conditioning). This result was obtained by applying the
equation for changing the weight from B to the US (i.e.,
when applying the delta rule; see Appendix A for more
details). If B would have had a positive activationon this
trial (thus being an absent, remembered, and expected
stimulus), the nature of the association formed between
B and the consequence or outcome of the conditioning
trial would have been excitatory (i.e., an excitatory medi-
ated conditioning). A second explanation has been pro-
posed by Bennett et al. (1999): For example, due to the
inhibitory associations formed between A and B while
preexposing the compound stimuli, AX and BX, and due
to the excitatory association formed between A and the
US on Phase 2, then on a retardation test, B®US (where
the US is the same stimulus used in the conditioning
phase), B will negatively activate both the unique ele-
ment A and the US now associated with it. The conse-
quence would be reducing the impact of the US now phys-
ically present, and therefore the subject’s conditioned
response to it. (B will activate a memory of both A and the
US. A is an absent, remembered, and unexpected stimu-
lus, but the memory of the US is in contradiction to what
the animal experiences. It refers to an unexpected stim-
ulus while it is being presented.) This explanation is in
terms of performance and maintains the Espinet et al.
(1995) modification of the McLaren et al. (1989) model
that the activations vary between 21 and +1. This expla-
nation allows that an absent, remembered, and expected
stimulus could change its associative strength, but, most
importantly, it does not allow that an absent, remembered,
but unexpected stimulus could do so.

What other mechanisms could be responsible for the re-
sults of the summation and retardation experiments pre-
sented here? Dickinson and Burke’s (1996) modification
of Wagner’s (1981) SOP model allows an alternative ex-
planationof both effects without resorting to inhibitoryas-
sociations between neutral stimuli (see Leonard & Hall,
1999). According to Dickinson and Burke, on the A®US
conditioningtrial, A would activateX’s nodes into the A2
state due to the within-compound association between A
and X already formed during preexposure, so that X
should gain inhibitory associative strength with the out-
come of this trial. Then, in the test phase, B would activate
X’s nodes in the A2 state due to the within-compoundas-
sociation between B and X also already formed, the in-
hibitory properties of which could be responsible of the
subjects’ performance. But this mechanism is relatively
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implausible when trying to explain our human experi-
ments, because, in our experiments, X was always pre-
sented first, and either A or B was presented second, thus
allowing unidirectional within-compound associations
only (i.e., X®A and X®B).

However, Dickinson and Burke’s (1996) proposal still
allows an account of the present human experiments. It
implys the formation of excitatory associations between
A and B, while preexposing AX and BX, instead of in-
hibitory ones. Perhaps XA and XB are perceived rela-
tively close in time, thus allowing A and B’s nodes to be
simultaneously activated in the A1 state, with the conse-
quence of excitatory associations being formed. If this is
the case, the presence of A in the conditioningtrial would
activate B’s nodes in the A2 state, and this would allow
an inhibitory association between B and the outcome of
the trial, so that B would become a conditioned inhibitor
during the conditioning trial. But there is evidence, both
with nonhuman subjects (Espinet et al., 1995, Experi-
ment 1), and with human ones (Graham, 1999, Experi-
ment 1) that this kind of reasoning is not substantiated.
Both in the Espinet et al. (1995) study and in the Graham
(1999) study, there was a group of subjects for which
spaced alternated preexposure to two compound stimuli,
AX and BX, was followed by a conditioning of the com-
mon element, X. When, subsequently, B was tested either
on a retardation test (Espinet et al., 1995) or on a summa-
tion test (Graham, 1999), it never acted as a conditioned
inhibitor, but, rather, it acted as a conditioned excitor.
These results question the explanationof the present sum-
mation and retardation effects, based on Dickinson and
Burke’s theory, related to the formation of excitatory as-
sociations between A and B while alternately preexpos-
ing AX and BX.

The results of the present Experiment 4 seem to favor
the mechanism proposed by Bennett et al. (1999) mech-
anism within the McLaren et al. (1989) model. It is the
only explanation we know that can satisfactorily explain
all the results that we have found. This account allows that
an absent, remembered, and expected stimulus can change
its associative strength, but, most important, it does not
allow that an absent, remembered, but unexpected stim-
ulus could do so. There is now sufficient evidence (Ben-
nett et al., 1999; Graham, 1999; Experiment 4 of the pre-
sent study) to minimize the mechanism proposed by
Espinet et al. (1995). Taken together, these last experi-
ments along with those of mediated excitatory condition-
ing and reevaluation effects seem to indicate that the as-
sociative strength of a stimulus can change in its absence
only if the subject expects the stimulus (i.e., only when the
stimulus is positively activated). When the absent stimu-
lus is remembered but is not expected (i.e., when the stim-
ulus is negativelyactivated), the empirical evidenceavail-
able so far shows that its associative strength does not
seem to vary.

If the previous theoretical reasoning is correct, the pres-
ent study suggests that a stimulus without negative asso-
ciative strength might be able to pass both summation and
retardation tests satisfactorily. A main implication is that
our beliefs about how to identify a supposed conditioned
inhibitor(Rescorla, 1969;Williams, Overmier, & Lolordo,
1992) could be in trouble. Obviously, more research is
needed to answer this doubt.
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APPENDIX A

One implementation of the McLaren et al.’s (1989) model of the representation of stimuli is a system in
which there is a certain number of elements or “nodes” (Node 1, Node 2, Node 3, . . .). At any moment, each
node has one “activation,”W1, W2 , W 3, . . . (which in the presentwork varied between 21 and +1), and is con-
nected with all the remaining nodes of the system. As we can see in Figure A1, the connection from Node 2
to Node 1 has one “weight,” w12 (where the right subindex refers to the starting node, and the left one refers
to the arrival node). Each node can receive external, e, and internal, x, inputs. The external inputs come from
outside the system (e1, e2, e3, . . .). We assume that external inputs are positive.The internal inputs come from
other nodes, through the connections, and they can take positive or negative values. The internal input from
Node 2 to Node 1 will be, x12 = w12W 2. The internal input to Node 1 is the sum of the internal inputs from the
remaining nodes,

x1 = x12 + x13 + ¼ = w12W 2 + w13W3 + ¼ .

The total input a node can receive (e.g., Node 1) is the sum of its external and internal inputs (x1 + e1).
The activation of a node depends on the total input it receives and varies according to the following rules:

(1) The change in the activation of a node is proportional to the total input it has recently received. To first
approximation, d W i = E (ei + xi ), where d W i is the change in the activation of a node, and E is a constant.
When the total input is positive, the activation increases,and when it is negative, it decreases. (2) Additionally,
in the absence of any input, the activation tends to change toward zero, at a rate proportional to its current acti-
vation (absolute value). (3) There is also a saturation condition that stops the activationfrom exceeding its limit
of 61. Given some external input and some weights on its connections,a state of equilibriuminside the system
is reached, which depends on the external input and on the value of the different weights. For example, for a
given total positive input, the activationgrows until its rate of increase equals its rate of decrease, in which case
the activation stabilizes.

As described, the system is a model to represent stimuli, but not a learning model. To account for learning,
the model allows modification of the weights. This is achieved with the delta rule of Widrow and Hoff (e.g.,
McClelland & Rumelhart, 1985): The weights change in the sense that, at each node, the internal inputs ad-
just toward equaling its external input. The formula that allows the weight variation of a connection is dwi j =
S Di W j , where dwi j is the change in the associative strength from Node j to Node i, D i = ei 2 xi , and where S
is a positive constant. The equilibrium state (i.e., when no more changes occur) is reached when D i = 0 (i.e.,
when xi = ei ).

The presentationof one stimulus constitutes external input in to the system directed toward a set of nodes,
the representationof the stimulus. The magnitudeof the external input will depend on the salienceof the stim-
ulus. In the presence of a stimulus, its nodes will be positively activated. For this reason, only positive values
of the external input are allowed. Internally activating the nodes assigned to a stimulus (i.e., activating its rep-
resentation)implies remembering the stimulus. A stimulus can be remembered in two ways: positively(which
indicates that the stimulus is expected) and negatively (which indicates that the stimulus is not expected). In
the second case, which refers to remembering a specific stimulus that is expected not to occur, this is only pos-
sible if the inputs to its nodes are internal and negative. We have to take into account that it is impossible to
present the absence of a stimulus, but that it is possible to remember that one specific stimulus is not present
(i.e., negative internal input). An activation of a value of zero indicates that the stimulus is not remembered
at all.

Figure A1. A representation of a set of nodes inside the system, with their external and internal inputs.
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The weight between two nodes,Node 1 and Node 2, indicatesthe amount of associationbetween these nodes.
The weight can be positive (excitatoryassociation)or negative (inhibitoryassociation).On the assumption that
A and B are two stimuli presented to the system, the weights of the associations between Stimulus A’s nodes
and Stimulus B’s nodes are only a part of the total association between these stimuli. The reason for this is
that Stimulus A could be associated with an absent stimulus, Stimulus C, which in turn could be associated
with Stimulus B. In other words, normally, the association between two stimuli not only implicates the con-
nection of many nodes but, most importantly, it is also affected by those stimuli that are remembered, without
being presentwhen the associationoccurs. In the present implementation,the associationbetween two stimuli
(e.g., from Stimulus A to Stimulus B) was calculatedby simulation in which A was present to the system, and
we measured the activation it provoked in the nodes that represented Stimulus B.

The above-mentionedprocessescan be expressedby the following equations.These equationsare the ones
we have used in the present implementationof the McLaren et al. (1989) model, with which we simulated the
present research (see Figure 5 and Figure A3). In all cases, the number of nodes was 24. One single stimulus
was representedby a vector of dimension24 with only six entries that differ from zero. For example, Stimulus A
was the vector e (A) = (0.5, 1, 0.5, 1, 0.5, 1, 0, . . . , 0); Stimulus B was the vector e (B) = (0, 0, 0, 0, 0, 0, 0.5, 1,
0.5, 1, 0.5, 1, 0, . . . , 0); and Compound Stimulus AB was representedby the vector e (AB) = (0.5, 1, 0.5, 1, 0.5,
1, 0.5, 1, 0.5, 1, 0.5, 1, 0, . . . , 0).

The sequence of calculations used was as follows:
Step 1: All activations and weights were set to zero.
Step 2: One stimulus was presented to the system—that is, the external entries (e1, ¼ , e24) were set equal

to the vector that represented the stimulus;
Step 3: The equations were executed in the following two phases.
(1) The activations are adjusted until they stabilize,

That is, this calculation is made for k = 1, 2, ¼ until |W i
(k + 1) 2 W i

(k) | was sufficiently small (e.g., 1028). Note
that the term inside the big parentheses is the total input to Node i, that being

the internal input, and ei the external input. D is a decay constant.
(2) The weights are adjusted only once,

wi j
(new) = wi j

(former) + S (ei 2 xi ) Wj , i, j = 1 ¼ n, i Þ j, wi i = 0.

This completes one simulated presentationof one stimulus. A new presentationbegins in Step 2.
When a real experiment is to be simulated, a certain number of simulated presentations has to be assigned

to each real unit of time. For example, a preexposure of Stimulus A for 20 min could be equivalent to 20 pre-
sentations of the simulated stimulus, at the rate of one presentation every minute.

We have used the simplest implementation of the McLaren et al.’s (1989) model, which has been obtained
(1) by setting to zero the other parametersof the model’s equations(which are irrelevantin the presentsimulations)
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Figure A2. Computation of the total associative strength (TAS)
from A to B. The TAS from A to B is the fraction, or proportion,
of B [the length of vector e (B)] that produces the projection of vec-
tor W (B) resulting of presenting A [e (A)].
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and (2) by discretizingin one of the many possibleways the differentialequationsin order to convert them into dif-
ference equations.This last manipulation has no effect on the qualitative evolution of the system in the simula-
tions of the presentstudy (in Figure 5 and Figure A3), provideda reasonabletuningof parametershas been made.

For example, let’s suppose that Stimulus A and Stimulus B are associated. How can the amount of associ-
ation from A to B be measured? In order to do this, Stimulus A and only A is presented once, until the acti-
vations are stabilized. The presentation of A activates B’s nodes. The activation in B’s nodes is the vector
W (B), whereas Stimulus B is representedby the vector e(B) (both vectors,W(B) and e(B), occupypositions7–12).
Figure A2 refers to this example.

The total associative strength (TAS) from A to B is computed with the equation,

which, expressed in components, is as follows:

As can be seen in Figure A2, the numerator of the first of the above formula is the norm (or modulus) of
the projection of the activations of vector W(B) over vector e (B), and ||e (B) || is the modulus of vector e (B).

In order to present additional examples of how to measure the amount of association from A to B, let us
suppose a vector W(B) of fixed length situated in different directions. If vector W (B) is on vector e (B) and in the
same sense, then the TASA®B value is maximum. But when vector W(B) is in a perpendicular direction to vec-
tor e (B), its projection (and therefore the TASA®B ) is zero: The system does not reproduceStimulus B. Finally,
let us suppose that vector W (B) has some negative activations.Because all the external inputs of vector e (B) are
positives, vector W (B) will form an angle of more than 90º with vector e(B), and the TASA®B will be negative.
On the other hand, as can be seen in Figure A2, the longer the length of vector W(B), the bigger the TASA®B
will be. Here ends the description of the implementation of the model that we have used.

To adjust the parameters E, D, and S of the model and also the number of simulated presentations that cor-
respond to a unit of real time, we planned a simulation of simple conditioning and adjusted the parameters
until the result was satisfactory. Then, with the same parameters, we simulated some basic Pavlovian phe-
nomena (specifically, blocking and overshadowing).Again with the same parameters, we carried out all the
simulations that are presented in this paper. We consider that this is important because a system of equations
with many parameters adjusted ad hoc could simulate practically anything (Peris, 1990).

We now describe the mechanism by which the inhibitory associations are formed. For simplicity, Stimuli
A, B, . . . are represented in the Nodes A, B, . . ., respectively. An inhibitory association from A to B will be
formed if, after the presentationof A, a subjectexpectsB, but B does not physicallyappear. Suppose that Stim-
uli AX, BX, AX, BX, and so on, are presented.When AX is first presented,A®X and X®A associationsare
formed. In terms of the model, A and X each receives an external input, let’s say eA = 1; ex = 1. Therefore,
DA = eA . 0, W . 0, and d wAX = WXDA. A positive weight will be formed from X to A. In the same way, DX =
ex . 0, WA . 0, and d wXA = WADX . 0. A positive weight will be formed from A to X. That is, mutually ex-
citatory associations A®X and A®X are formed. Then, when BX is presented, A receives a positive inter-
nal input from X (becauseX is externally excited and the weight from X to A is positive)and its external input
is zero (A is not physically present), whereas B is externally excited.

Thus, A is a remembered and expected stimulus that is not physically present; and, therefore, a negative
weight will be established from B to A, a B¢A association. In terms of the model, this means that B receives
an external input, let’s say eB = 1, and that A receives an internal and positive input, xA . 0 (A is remembered
and expected), but an external input of zero, eA = 0 (A is not physically present). Therefore, DA = eA 2 xA =
0 2 xA , 0, WB . 0, and dwAB = WBDA , 0. A negative weight will be formed from B to A—that is, an in-
hibitoryassociationB¢A. It is important to emphasize that a previousA®X associationis necessaryfor a B¢A
association to be formed and that the equilibriumstate for the B¢A weight (i.e., when DA = 0) is reached when
xAB (from B to A) is equal and opposite in sign to positivexAX (from X to A). Then, when Stimulus AX is pre-
sented for the second time, due to the associationX®B previously formed during the presentationof BX, the
A¢B association will be augmented. The weights of these associations will grow as the compound stimuli,
AX and BX, are presented in this alternatepattern.The associativestrength from A to B arises from A®X®B
(positive weights wXA and wBX ) and A¢ B (negative weight wBA).

Figure A3 illustrates the relation between the net associative strength between A and B (denoted A«B be-
cause of the symmetry of A and B) and the amount of pretraining exposure alternately to AX and BX. The
top dashed curve shows the evolution of weights between A and X and between B and X, which positively in-
creases until an asymptotic level is reached.The bottom dashed curve shows the evolutionof inhibitoryweight
between A and B over preexposure trials, which negatively increases until an asymptotic level is reached.The
middle curve (solid line) shows the net associative strengthbetween A and B, which is initially excitatoryand,
as preexposure progresses, gradually becomes inhibitory.
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Instructions for Days 1 and 2 of Experiment 4
This sessionwill last approximately20 min. It will consist of

the presentation of some sequences of sounds which you will
hear through the pair of headphonesyou have on your left. The
only thing you have to do is to get familiar with the sequences
of sounds. Please pay a lot of attention to them!

Instructions for Day 3 of Experiment 4
This session will last approximately 20–25 min. It will have

three phases in which you will be presented, through the head-
phones, with some sequences of sounds separated by brief in-
tervals of silence.At the beginningof each phase you will have
a reminder of its content.

Phase 1 is very brief. As on previousdays, the only thing you
have to do is to get familiar with the sequencesof sounds.Please
pay a lot of attention to them.

Phase 2 is like a game. You will have to guess which of two
composers, Composer Black or Composer Red, produced each
“melody.” The red and the green lights simultaneously illumi-
nated will indicate the right moment for you to give a response
after hearing a sequenceof sounds. You will begin by guessing.
For example, pressing the black button of the little box you have
in front of you for Composer Black, or the red button for Com-
poser Red. If your choice is correct, the green light will appear
for a brief moment, and if it is incorrect, the red light will be il-
luminated. It is important that you behave spontaneously. We
are interested in your first impression. It is also important that
you always give a response.

Phase 3 is another game, very similar to Phase 2 except that
we will not tell you whether your choices are right or wrong.

(Let’s see a couple of examples of Phase 2 before we begin
with the real session . . .)

Reminder of Phase 1
Remember that during Phase 1 the only thing you have to do

is to pay a lot of attention to the sequencesof sounds with which
you will be presented.Please, put your headphoneson. Are you
ready? OK, Phase 1 starts!

Reminder of Phase 2
Now you have to guess which of the two composers,Black or

Red produced each “melody.” To do so, you will have to press
either the black or the red button. Remember that if your choice
is correct, the green light will be illuminated, and if it is incor-
rect, the red light will appear. Please, put your headphones on.
Are you ready? OK, Phase 2 starts!

Reminder of Phase 3
Phase 3 is like Phase 2 except that we will not tell you whether

your choices are right or wrong. Please, put your headphones
on. Are you ready? OK, Phase 3 starts!

(Manuscript received December 7, 1998;
revision accepted for publication June 12, 2000.)

Figure A3. Simulation of alternating preexposure to two com-
pound stimuli (AX and BX) containing a common element (X). The
middle curve (solid line) shows the associative strength between A
and B. The top curve denotes the weights evolution between A and
X and between B and X. The bottom curve denotes the reciprocal
weights evolution between A and B (see text for explanation).
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