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Abstract

Non-reinforced preexposure to a to-be-conditioned stimulus (CS) results in retarded development of conditioned excitation and inhibition. In
a magazine-approach preparation in rats, we explored the role of background context on this CS-preexposure effect by changing contexts after
the preexposure treatment. Experiment 1 demonstrated with a typical three-group design that changing background contexts attenuated the CS-
preexposure effect in conditioned excitation. Experiment 2 employed the identical design except that conditioned inhibition was the target of study.
Preexposure to stimulus X retarded subsequent differentiation of responding to reinforced A trials and non-reinforced AX trials, suggesting that
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S-preexposure retarded development of inhibitory conditioning. However, changing contexts did not attenuate the preexposure effect. We discuss
hese results in the framework of the extended comparator hypothesis.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Non-reinforced preexposure to a to-be-conditioned stimu-
us (CS) results in retarded development of conditioning (see
all, 1991; Lubow, 1973, 1989; Weiss and Brown, 1974, for

eviews). This effect has been called latent inhibition, or sim-
ly, the CS-preexposure effect. A large number of studies on
he CS-preexposure effect with laboratory rats as subjects have
emonstrated retarded development of excitatory condition-
ng in both appetitive (conditioned approach: e.g., Baker and

ackintosh, 1977; Channell and Hall, 1983; Kaye et al., 1987;
cLaren et al., 1994; Reed, 1991, 1995; Rosas and Bouton,

997) and aversive (conditioned suppression: e.g., Baker and
ercier, 1982; Blaisdell et al., 1998; Kremer, 1972; Hall and
inor, 1984; Lovibond et al., 1984; Lubow and Siebert, 1969;
escorla, 1971; conditioned taste aversion: e.g., Aguado et al.,
994; Fenwick et al., 1975; Hall and Channell, 1986; Kiefer
t al., 1977; Nakajima et al., 1999; Revusky and Bedarf, 1967;
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Siegel, 1974) preparations. Preexposure to a CS also retards
the development of inhibitory conditioning in both appetitive
(conditioned approach: Baker and Mackintosh, 1977) and aver-
sive (conditioned suppression: Friedman et al., 1998; Rescorla,
1971) preparations (see also Reiss and Wagner, 1972, for evi-
dence using eyelid conditioning in the rabbit).

A feature of the CS-preexposure effect is that a context
change between preexposure and excitatory conditioning dis-
rupts the effect. The context-specificity of the CS-preexposure
effect has been demonstrated in both appetitive (conditioned
approach: e.g., Channell and Hall, 1983; Hall and Channell,
1985; Kaye et al., 1987; McLaren et al., 1994; Rosas and Bouton,
1997) and aversive (conditioned suppression: e.g., Hall and
Honey, 1989; Hall and Minor, 1984; Lovibond et al., 1984;
conditioned taste aversion: e.g., Hall and Channell, 1986) prepa-
rations, and serves as a critical test for several accounts of the
CS-preexposure effect (e.g., Bouton, 1991, 1993; Wagner, 1976,
1981).

As far as we know, nevertheless, there are no published stud-
ies concerning context-specificity of the CS-preexposure effect
on inhibitory conditioning. Hence, the present study focused
ax: +81 798 54 6076.
E-mail addresses: nakajima@kwansei.ac.jp, cs-us@nifty.com

S. Nakajima).

on this issue. Table 1 shows the designs of the two exper-
iments. Experiments 1 and 2 explored context-specificity of
the CS-preexposure effect with between-subject designs. Each
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Table 1
The designs of experiments 1 and 2

Groups Preexposure Magazine Conditioning Test

Experiment 1: excitatory conditioning test
Pre-same 1: X−, 2: - - - 1: + 1: A+ 1: X+
Pre-diff 1: - - -, 2: X−
Control 1: - - -, 2: - - -

Experiment 2: inhibitory conditioning test
Pre-same 1: X−, 2: - - - 1: + 1: A+ 1: A+, AX−
Pre-diff 1: - - -, 2: X−
Control 1: - - -, 2: - - -

Notes: A: illumination of a disk on the panel; X: a buzzer tone; +: sucrose solution
US, −: no US; - - -: context exposure. Numbers to the left of the colon denote
context (1 or 2) in which treatment (to the right of the colon) was given.

experiment consisted of three groups of rats: groups pre-same
and pre-diff were preexposed to a buzzer tone (X) in contexts 1
and 2, respectively, while group control received no buzzer tone
in either context. The two experiments were identical in their
procedure prior to testing. In testing, excitatory (experiment 1)
or inhibitory (experiment 2) conditioning with the buzzer tone
was assessed in context 1 for all rats.

2. Experiment 1

The purpose of experiment 1 was to demonstrate context-
specificity of the CS-preexposure effect on excitatory appeti-
tive conditioning. Although the literature has reported the phe-
nomenon as noted in the introduction, its replication with our
procedure was critical in order to compare the results of exper-
iment 1 with those of experiment 2.

2.1. Method

2.1.1. Subjects
The subjects were 24 experimentally-naı̈ve male Wistar rats

obtained from a local supplier. The animals were housed in indi-
vidual hanging home cages on a 12:12 light–dark cycle (lights
on at 8:00) at about 23 ◦C and maintained at 85% of their free-
feeding weights. The rats were approximately 60 days old at the
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opening was located on the center of the front panel. Its bottom
edge was 15 mm above the floor, and sucrose solution could
be presented there via a 0.1 ml dipper cup. From these cham-
bers, two contexts were made that differed in visual and tactile
cues (cf. Nakajima et al., 2000). One context had a 25 cm metal
chain suspended from the center of the ceiling. A black acrylic
plate covered the grid floor, and the houselight was always off.
The other context had a white acrylic wall tilted against the
back panel, making a smaller room space of 18 cm × 24 cm on
base. The houselight was illuminated throughout the sessions.
These two contexts were fully counterbalanced across rats as
contexts 1 and 2. The stimulus cues employed as CS A and
CS X, respectively, were illumination of the left circular disk
(2.8 W) and a low-pitch buzzer tone from an electric buzzer
(SMB-24, Kamada Signal Application, Japan) on the wall of
each outer shell. The sound level of the buzzer was 71 dB (re
Scale C) against the background level of 66 dB. The biologi-
cally significant or unconditioned stimulus (US) was delivery
of 30% (w/w) sucrose solution. Entries into the magazine open-
ing (i.e., goal-tracking behavior) were measured as conditioned
responses by an infrared photo beam system located 10 mm
inside the opening. The experiment was controlled and the data
were recorded by a MED-PC system that was interfaced to a
microcomputer.

2.1.3. Procedure
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eginning of the experiment and split into three groups of equal
umber (n = 8 each). Water was always available in the home
ages. Care and maintenance were conduced in accordance with
he national guidelines.

.1.2. Apparatus
Four modular rat chambers (ENV-007CT, MED Associates,

SA), measuring 32 cm long, 24 cm wide, and 29.5 cm high,
ere housed in individual sound-attenuating shells. Each cham-
er was made of metal front and back panels, clear acrylic
idewalls, a metal ceiling, and a grid floor consisting of metal
ods (4 mm in diameter) spaced 16 mm apart center to center. A
W light bulb was centered 27 cm above the floor, and it was
mployed as a houselight. A metal casing of the bulb directed
he light to the ceiling. Two circular light disks (25 mm in diam-
ter) were also located on the front panel 144 mm above the floor
nd 25 mm from the nearby sidewall. A 5 cm × 5 cm magazine
Throughout this and the following experiment, sessions were
cheduled on successive days, 7 days a week, at the same time
ach day (around the midpoint of the light period). Supple-
ental feeding was given after each session to maintain the

ats’ body weights. The experimental design is presented in
able 1.

The preexposure phase consisted of four sessions each in
ontexts 1 and 2: each session lasted for 34 min, and the order
f two contexts across 8 days was 12212112 for half of the rats
f each group and 21121221 for the other half. Rats of group
re-same were exposed to a 5 s buzzer tone (X-) 24 times per
ession with the mean intertrial interval (ITI) of 80 s (range:
0–120 s) in context 1, while those of group pre-diff received
he same treatment in context 2. The third group of rats (group
ontrol) received no programmed experimental events in either
ontext.

On the next day, all rats received magazine training in context
. The session began with a 20 s presentation of the dipper cup
ontaining 0.1 ml sucrose in the magazine opening, and it was
ollowed by 5 s presentations of the same dipper cup with a vari-
ble interval of 30 s until the cumulative number of accessed
rials reached 20. As one animal of group pre-diff failed to
cquire magazine behavior, it was excluded from the experiment.

On the next 4 days, each rat was given excitatory conditioning
o the panel light in context 1. A trial consisted of 5 s illumination
f the light followed by 5 s presentation of sucrose solution (A+).
wenty-four trials with a mean ITI of 80 s were presented in each
aily session. This phase was irrelevant to demonstration of the
S-preexposure effect on excitatory conditioning with buzzer,
ut it was included in this experiment in order to match the
rocedural details to those of experiment 2.
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Testing of the target buzzer tone was administered for 8
days in context 1. Each session consisted of 12 trials of the
5 s buzzer followed by 5 s sucrose presentation (X+) intermixed
with 12 dummy-trial intervals of 5 s. The mean ITI was 80 s.
The dummy intervals were employed here to match the mean
buzzer-to-buzzer and sucrose-to-sucrose intervals equal to those
of experiment 2.

2.1.4. Analysis
Throughout the experiment, the data collected were photocell

counts during individual trials of the buzzer or light stimulus.
The photocells were polled every 1 s of the trials, and the counts
were cumulated over each session. Also recorded were responses
during an equal number of randomly selected baseline periods
of the same duration (i.e., 5 s). As there were no statistically reli-
able group effects on the baseline data throughout the study, the
difference score (trial performance minus baseline performance)
was employed for all analyses. In statistical tests including post-
hoc analyses by Fisher’s LSD procedure, the significance level
was set at P < 0.05.

2.2. Results and discussion

There were no group effects in the excitatory conditioning
of the panel light (A+). A group x session analysis of vari-
ance (ANOVA) yielded a significant main effect of session,
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Fig. 1. Excitatory conditioning of a buzzer tone (X) in the test of experiment
1. The index was the difference score between the responses during the X+
trials and those of the baseline periods. Groups pre-same and pre-diff received
preexposure to X in contexts 1 and 2, respectively, while group control was
exposed to both contexts without presentations of X. Testing was administered
in context 1 for all rats. Bars of standard errors are shown on either side for
simplicity.

zine entries in the first test session. All groups started from
an equivalent low level of performance: a one-way ANOVA
on the first two-trial block found no group difference, F(2,
20) = 1.05. Thereafter, group control outpaced the other groups.
A two-way ANOVA applied to the remaining five blocks
yielded significant main effects of group, F(2, 20) = 5.65,
P < 0.05, and Block, F(4, 80) = 3.31, P < 0.05, but their inter-
action was not significant, F < 1. Subsequent analysis of the
main effect of group revealed that group control surpassed
groups pre-same and pre-diff, which did not differ from each
other.

F
s
a

(3, 60) = 157.25, P < 0.001, but the main effect of group, F < 1,
nd the group x session interaction, F(6, 60) = 1.18, were non-
ignificant. The difference score (per 5 s trial) averaged over all
ats was −0.29 on the first session and it increased to 1.88 on
he final session. The value below zero on the first condition-
ng session suggests an unconditioned suppressive effect of a
ovel light stimulus. A paired t-test applied to the baseline and
ight trial data confirmed the light’s suppressive effect in the first
ession, t(22) = 3.20, P < 0.005.

As shown in Fig. 1, we observed a reliable CS-preexposure
ffect and the effect was small in the rats tested in the context
ifferent from that of preexposure: group pre-same acquired con-
itioned magazine entries slower than group control, and the per-
ormance of group pre-diff located between them. These impres-
ions were supported by a group x session ANOVA, which
ielded a significant main effect of session, F(7, 140) = 12.14,
< 0.001, and its interaction with the group factor, F(14,

40) = 1.88, P < 0.05. The main effect of group, F(2, 20) = 1.73,
as not significant. A post-hoc analysis of the interaction

evealed significant group differences as follows: group pre-
ame scored lower than group control (i.e., the CS-preexposure
ffect) in all sessions except session 7, while group pre-diff
cored better than group pre-same (i.e., context-specificity of
he CS-preexposure effect) in sessions 3, 4, 6 and 7. In addition,
roup pre-diff scored lower than group control (i.e., imperfect
ontext specificity) only in sessions 1 and 8.

Because of the large score shown in the first session of
roup control, one might suspect immediate cross-modal gen-
ralization from the panel light, which had been conditioned
rior to testing, to the buzzer tone in this group. This was not
he case. Fig. 2 details the acquisition of conditioned maga-
ig. 2. Difference scores for the first test session in experiment 1. The difference
core was calculated on the basis of blocks of two trials. Bars of standard errors
re shown on both sides.
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3. Experiment 2

Experiment 1 demonstrated the CS-preexposure effect and its
context-specificity in excitatory conditioning of a buzzer tone.
Experiment 2 explored the same issues but in inhibitory condi-
tioning of the same stimulus. To our knowledge, there are no pub-
lished studies on the context-specificity of the CS-preexposure
effect on inhibitory conditioning. In experiment 2, we employed
Pavlov’s conditioned inhibition procedure (i.e., simultaneous
feature-negative discrimination training: A+, AX−) as in other
studies examining the CS-preexposure effect on inhibitory con-
ditioning (Baker and Mackintosh, 1977; Rescorla, 1971; Reiss
and Wagner, 1972; but see Friedman et al., 1998).

3.1. Method

3.1.1. Subjects and apparatus
The subjects were 24 experimentally-naive male Wistar rats

that were 60 days old and were maintained in the same manner as
the rats used in experiment 1. The apparatus and other contextual
cues were identical to those of experiment 1.

3.1.2. Procedure
The procedure was identical to that of experiment 1 except for

testing (Table 1). In the test sessions, 12 trials of the 5 s panel
light immediately followed by 5 s sucrose delivery (A+) were
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Fig. 3. Inhibitory conditioning to the buzzer tone (X) in the test of experiment 2.
Top panel: the difference score between the responses during the A+ or AX− tri-
als and those of the baseline periods. Bottom panel: the difference score between
the responses during the A+ trials and those of the AX− trials. Groups pre-same
and pre-diff received preexposure to X in contexts 1 and 2, respectively, while
group control was exposed to both contexts without presentations of X. Testing
was administered in context 1 for all rats. Bars of standard errors are shown on
both sides.

of group x trial type, F(2, 21) = 4.54, P < 0.05, and trial type x
session, F(4, 84) = 49.19, P < 0.001. The main effect of group
and the other interactions were non-significant, Fs < 1.

There were no group differences in responding on the rein-
forced light-only trials (A+). A group x session ANOVA applied
to the difference scores of the light-only trials yielded a signif-
icant main effect of session, F(4, 84) = 6.36, P < 0.05, but the
main effect of group and its interaction with session were not
significant, Fs < 1.

The three groups differed in their performance on the light-
buzzer compound trials (AX−), and inhibitory conditioning of
the buzzer tone was indexed by the difference in responding
on the two types of trials: the responding on the light-buzzer
compound trials (AX−) was subtracted from the responding
on the light-only trials (A+). As shown in the bottom panel of
Fig. 3, acquisition of inhibitory conditioning is reflected in the
increasing curves of all groups. This graph also revealed a reli-
able CS-preexposure effect but no context-specificity. In other
words, retardation of acquisition of inhibitory conditioning, with
respect to group control, was equivalent between groups pre-
same and pre-diff. These impressions were supported by a group
x session ANOVA, which yielded significant main effects of
group, F(2, 21) = 4.54, P < 0.05, and session, F(4, 84) = 49.19,
P < 0.001 and a non-significant group x session interaction, F < 1
andomly mixed with 12 non-reinforced compound trials of the
anel light and the buzzer tone (AX−). The light and the buzzer
ccurred simultaneously in the 5 s compound trials. The mean
TI was 80 s, and the test sessions lasted for 5 days.

.2. Results and discussion

Excitatory conditioning of the panel light (A+) proceeded
moothly. A group x session ANOVA failed to find a main
ffect of group, F < 1, but revealed a main effect of session, F(3,
3) = 247.18, p < 0.001. Although the group x session interac-
ion attained significance, F(6, 63) = 2.76, p < 0.05, subsequent
nalyses failed to reveal any significant group differences in any
essions. Thus, we treated it as a random fluctuation of the data.
he difference score averaged over all rats was −0.35 on the
rst session and it increased to 2.14 on the final session. As in
xperiment 1, the value of the first session was below zero, sug-
esting an unconditioned suppressive effect of the novel light
timulus: a paired t-test applied to the baseline and light trial
ata confirmed the light’s suppressive effect in the first session,
(23) = 3.90, p < .001.

The test performance is shown in the top panel of Fig. 3. The
nhibitory conditioning of the buzzer (X), as reflected in lower
esponding on the light-buzzer compound trials (AX−) than on
he light-only trials (A+), was established in all groups but its
peed differed among the groups. On average, group control
cquired conditioned inhibition faster than groups pre-same and
re-diff. A group x trial type x session ANOVA applied the data
ummarized in this panel yielded significant main effects of trial
ype, F(1, 21) = 23.67, P < 0.001, and session, F(4, 84) = 9.32,
< 0.001. More importantly, there were significant interactions
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(note that these values, respectively, correspond to the values of
the group x trial type interaction, the trial type x session inter-
action, and the group x trial type x session interaction in the
above-noted three-factor ANOVA applied to the data summa-
rized in the top panel of Fig. 3). A post-hoc analysis of the
group effect revealed that group control showed significantly
better performance than groups pre-same and pre-diff, which
did not differ from each other. The failure of detecting context-
specificity of CS preexposure on inhibitory conditioning cannot
be simply ascribed to the power of the statistical test employed
here, as average performance was numerically worse in group
pre-diff than group pre-same.

4. General discussion

Two experiments with rats explored context-specificity of the
CS-preexposure effect on appetitive conditioning with maga-
zine approach behavior as the conditioned response. Experiment
1, employing a between-groups design, demonstrated both the
CS-preexposure effect and its context-specificity in excitatory
conditioning. These results accord with the literature in appet-
itive (e.g., Channell and Hall, 1983; Hall and Channell, 1985;
Kaye et al., 1987; McLaren et al., 1994; Rosas and Bouton,
1997) and aversive (e.g., Hall and Honey, 1989; Hall and Minor,
1984; Lovibond et al., 1984) preparations. Experiment 2, also
employing a between-group design, successfully demonstrated
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Fig. 4. Diagrams depicting the architecture of the comparator hypothesis for
the tests on X as applied to each group of experiment 1. Con 1 and Con 2:
contexts 1 and 2, respectively. W: weak or no association, M: moderate strength
association, S: strong association. Thickness of arrows for links 1–3 indicate
associative strength as follows: dashed line: weak or no association, thin solid
line: moderate association, and a thick solid line: strong association. “Direct US”:
the direct pathway (link 1) through which the US representation is activated;
“Indirect US”: the indirect pathway (product of links 2 and 3) through which the
US representation is activated. The thickness of the US representation bubble
indicates a weakly (dashed line), moderately (thin solid line) or strongly (thick
solid line) activated US representation. CR: conditioned response.

expression of acquired Pavlovian associations. In the framework
of the comparator hypothesis as originally stated by Miller and
Matzel (1988) and Miller and Schachtman (1985), conditioned
responding reflects a comparison between the US representation
activated directly through the target CS-US association (link 1
in Figs. 4 and 5) and the US representation activated indirectly
through the product of the target CS-comparator stimulus (link
2) and comparator stimulus-US (link 3) associations. The target
stimulus is the stimulus presented at test (e.g., X), and the com-
parator stimulus for the CS is the stimulus with which the target
stimulus has the strongest association (other than the US). Exci-
tatory responding to the target CS increases with the strength
of the directly-activated US representation, and decreases with
the strength of the indirectly-activated US representation. Con-
versely, inhibitory responding to the target inhibitor decreases
with the strength of the directly-activated US representation,
and increases with the strength of the indirectly-activated US
representation.
he CS-preexposure effect on inhibitory conditioning as in the
revious research in appetitive (Baker and Mackintosh, 1977)
nd aversive (Friedman et al., 1998; Rescorla, 1971) prepara-
ions. However, there was no context-specificity in experiment
. One may argue that the CS-preexposure effect on inhibitory
onditioning would be context specific, if we had employed
ther methods (e.g., using more dissimilar contexts). We admit
his possibility, but it must be remembered that the animals in
xperiment 2 received exactly the same treatments as those in
xperiment 1 except for the fact that an inhibitory, rather than
xcitatory, conditioning test was administered in experiment 2.
hus, it is reasonable to conclude that it is harder, if not impos-
ible, to detect context-specificity of the CS-preexposure effect
n inhibitory conditioning than on excitatory conditioning.

In the animal learning literature, several theories have
een proposed for the CS-preexposure effect: loss of atten-
ion (Mackintosh, 1975), loss of associability (Pearce and Hall,
980), CS-no event association (Hall et al., 1985), conditioned
nattention (Lubow, 1989; Lubow et al., 1981), priming by con-
ext (Wagner, 1976, 1981), and retrieval failure (Bouton, 1991,
993). Some of them successfully account for the context-
pecificity of the CS-preexposure effect (Bouton, 1991, 1993;
agner, 1976, 1981). However, none of them make direct pre-

ictions of our demonstrated asymmetry in context-specificity
etween excitatory and inhibitory conditioning.

An exception is the extended comparator hypothesis
Blaisdell et al., 1998; Denniston et al., 2001), which does pre-
ict that a context switch between preexposure and conditioning
ill disrupt the CS-preexposure effect in conditioned excitation,
ut not in conditioned inhibition using the Pavlovian procedure.
he comparator hypothesis is a qualitative response rule for the



S. Nakajima et al. / Behavioural Processes 73 (2006) 84–91 89

Fig. 5. Diagrams depicting the architecture of the comparator hypothesis for
the tests on X as applied to each group of experiment 2. Con 1 and Con 2:
contexts 1 and 2, respectively. W: weak or no association, M: moderate strength
association, S: strong association. Thickness of arrows for links 1–3 indicate
associative strength as follows: dashed line: weak or no association, thin solid
line: moderate association, and a thick solid line: strong association. “Direct US”:
the direct pathway (link 1) through which the US representation is activated;
“Indirect US”: the indirect pathway (product of links 2 and 3) through which the
US representation is activated. The thickness of the US representation bubble
indicates a weakly (dashed line), moderately (thin solid line) or strongly (thick
solid line) activated US representation.

In experiment 1, the context is the stimulus with the strongest
association with target CS X. According to the comparator
hypothesis, the CS-preexposure effect results from a stronger
X-context association (link 2) in the group that received pre-
exposure to X in context 1 (Fig. 4, middle panel) than in the
control group (Fig. 4, top panel). The stronger X-context asso-
ciation increases the strength of the indirectly activated US
representation relative to the control group, thereby allowing
context 1 to better down modulate excitatory responding to X.
The reason stronger excitatory responding is observed in group
pre-diff than in group pre-same is because, though a strong X-
context 2 association is established during preexposure (link 2),
no association is subsequently formed between context 2 and
the US (link 3), leading to an extremely weak or non-existent
indirectly-activated US representation (see Fig. 4). Thus, context

2 should not be able to down modulate excitatory responding
to X. It might be noteworthy that these accounts also predict
stronger responding in group pre-diff than group control, which
was incongruent with the results of experiment 1. Compara-
tor theory predicts this only if contexts 1 and 2 are completely
discriminable. The data in Figs. 1 and 2 show that a context
shift attenuated, but did not completely abolish the preexpo-
sure effect. This suggests that the contexts were not completely
discriminable, and thus the theory does not predict stronger exci-
tatory responding in group pre-diff than in group control.

The extended comparator hypothesis makes a different pre-
diction regarding the effects of a context switch on the expression
of Pavlovian conditioned inhibition to X (see also Friedman et
al., 1998). (The extended comparator hypothesis does, however,
make the same prediction as the original comparator hypothe-
sis regarding a context switch upon CS-preexposure effect on
conditioned excitation). The source of this difference is that
the extended comparator hypothesis posits that each link of the
indirect pathway to the US representation (i.e., links 2 and 3) is
modulated by its own comparator stimulus. Fig. 5 shows how the
extended comparator hypothesis is applied to experiment 2. In
group control, there are two potential comparator stimuli for X;
these are CS A and the training context (which happens to be con-
text 1). CS A is a discrete stimulus, and thus is more salient than
the continuously present background context 1. Furthermore, CS
A has a much higher contiguity to CS X than does context 1, due
t
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o the fact that the ratio of [Context 1:∼X/Context 1:X] (the con-
ext in the absence vs. in the presence of X, respectively) is much
igher than the ratio of [A:∼X/A:X] (A in the absence versus in
he presence of X, respectively). Thus, A serves as the primary
omparator stimulus for X (see Blaisdell et al., 1999, for a discus-
ion of variables that influence competition among comparator
timuli). Because A has a strong association with the US while

had never been paired with the US, the indirectly-activated
S representation (the product of links 2 and 3) will be much

tronger than the directly-activated US representation (link 1;
ig. 5, top panel). By contrast, preexposure to X in context 1
reatly increases the strength of the X-context 1 association,
hich establishes context 1 as the most effective comparator

timulus for X (Fig. 5, middle panel). However, in the frame-
ork of the extended comparator hypothesis, the effectiveness
f a comparator stimulus in modulating the response to the target
timulus is itself modulated by its own comparator stimuli (with
he rule that the target CS cannot also serve as a higher-order
omparator stimulus). In group pre-same, A will serve as the
omparator stimulus for context 1 as a result of their pairings
uring conditioning. The moderate context 1-US association
link 3.1) is thus down modulated by the strong A-US asso-
iation (link 3.3), thereby attenuating the indirectly-activated
S representation (Fig. 5, middle panel). Thus, Pavlovian con-
itioned inhibition should be much weaker in group pre-same
han in group control. Group pre-diff should also show attenu-
ted Pavlovian conditioned inhibition, but for a different reason
han should group pre-same. In group pre-diff, preexposure to

in context 2 should establish that context as the primary com-
arator stimulus for X (link 2, Fig. 5, bottom panel). Because
he US is never subsequently presented in context 2, no con-
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text 2-US association should develop (link 3). Thus, the strong
indirectly-activated US representation needed to down modu-
late responding to X is non-existent, resulting in no conditioned
inhibition to X.

Hence, the extended comparator hypothesis fits with the data
we presented here, although this study was not planned to test
the extended comparator hypothesis. Continuing investigations,
examining both the generality of the results we presented here
and the validity of the extended comparator hypothesis, are
necessary to delineate the CS-preexposure effect and the roles
of the contexts. Furthermore, our assessment of the context-
specificity of CS preexposure on inhibitory conditioning was
based upon the trainability of the preexposed CS as a feature
cue to signal non-reinforcement in Pavlov’s conditioned inhibi-
tion procedure (i.e., simultaneous feature-negative discrimina-
tion training: A+, AX−). Summative transfer and retardation of
acquisition tests of conditioned inhibition are desirable in future
research.
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