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Examination of the experimental design features of ex-
tinction and latent inhibition reveals fundamental similar-
ities between these phenomena:Both preparations involve
placing the subject on a partial reinforcement schedule in
which the reinforcedand nonreinforced trials are segregated
into separate phases. The difference resides in the extinction
effect occurring when a previously reinforced stimulus is
presented repeatedlywithout reinforcement (Pavlov, 1927),
and the latent inhibition effect occurring when a stimulus
is first repeatedly presented without reinforcement and
then is reinforced (Lubow & Moore, 1959). Both of these
schedules usually result in attenuated responding to the
conditioned stimulus (CS) relative to a continuously rein-
forced control group.

More complex empirical similarities between latent in-
hibition and extinction become apparent in an examina-
tion of the effects of a long retention interval on these phe-
nomena. Pavlov (1927) demonstrated that conditioned
responding may be partially recovered after extinction
treatment by imposing a long temporal interval between
the nonreinforced presentationsand the test of the CS (i.e.,
spontaneousrecovery). Althoughnot as ubiquitous,a sim-
ilar effect has been seen in latent inhibition. There have
been multiple reports suggesting that responding to a la-
tently inhibited CS may be enhanced by interposing a re-

tention interval between conditioning and test phases of
the procedure (e.g., Aguado, Symonds, & Hall, 1994;
Killcross, Kiernan, Dwyer, & Westbrook, 1998; Kraemer,
Randall, & Carbary, 1991; but see De la Casa & Lubow,
2000, 2002).

In addition to their sensitivity to a retention interval, both
the extinctionand latent inhibitioneffects are context spe-
cific. The renewal effect is evidenced by an increase in re-
sponding to the target CS when it is presented in a context
different from the one in which it was extinguished rela-
tive to responding in the same context in which the CS was
extinguished (e.g., Bouton & King, 1983). The effect may
be seen either when testing occurs in the context in which
the CS–US pairingsoccurred (e.g., Bouton& Bolles, 1979)
or in a new context (e.g., Bouton & Bolles, 1979;Bouton &
Ricker, 1994). Across all renewal designs, the fundamen-
tal effect is an increase in respondingwhen the CS is tested
outside of the context in which extinction occurred.

The recovery of responding that constitutes the context
specificity of latent inhibition is very similar to the re-
newal effect. Latent inhibitionis consideredcontextspecific
because the response attenuatingeffect of the unreinforced
CS presentationsoften does not completely transfer to con-
texts outside of the preexposure context. This effect may
be observed with training in a context other than the pre-
exposure context (e.g., Hall & Channell, 1983; Lovibond,
Preston, & Mackintosh,1984;McLaren,Bennett, Plaisted,
Aitken, & Mackintosh,1994). Thus, both latent inhibition
and extinction may be attenuated if the testing context is
different from the context in which the CS was presented
without reinforcement. The observation that latent inhibi-
tion and extinctioneffects are empirically similar and vul-
nerable to similar changes as a result of contextual or
temporal manipulations suggests that some common
mechanisms may underlie the two effects.
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Latent inhibition, which refers to attenuated responding to a conditioned stimulus (CS) after CS–
unconditioned stimulus (CS–US) pairings as a result of CS-alone presentations prior to the pairings, is
often attenuated if preexposure and conditioning occur in different contexts (i.e., it is context spe-
cific). Here we report two conditioned lick suppression experiments, using rat subjects, that examined
whether manipulations known to attenuate the context specificity of extinction could also eliminate
the context specificityof latent inhibition. Context specificityof latent inhibition was eliminated when
the CS was preexposed in multiple contexts (Experiment 1) and when the CS was massively pre-
exposed in the training context alone (Experiment 2). These results and their practical implications are
discussed in the framework of contemporary theories of latent inhibition.
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Although the preceding comparisons highlight the em-
pirical similarities between extinctionand latent inhibition,
the two phenomena are generally theoretically dissoci-
ated. Associative accounts of latent inhibition often rely
upon mechanisms such as CS–context associations (e.g.,
Grahame, Barnet,Gunther, & Miller, 1994;Wagner, 1981)
or an acquired attentional deficit (e.g., Lubow, Schnur, &
Rifkin, 1976; Pearce & Hall, 1980) that retards acquisi-
tion. In contrast, extinction is often explained as unlearn-
ing of the CS–US association (Rescorla & Wagner, 1972)
or the building of an inhibitory association between the
CS and the US (e.g., Pearce & Hall, 1980; Wagner, 1981).
Some theorists, although in the minority, have suggested
that extinction and latent inhibitionmay result from simi-
lar mechanisms (e.g., Bouton,1993). For instance, Miller’s
comparator hypothesis (e.g., Miller & Matzel, 1988) as-
sumes that latent inhibition and extinction both involve
the buildingof an excitatory relationshipbetween the con-
text and the CS during nonreinforced trials. Because the
comparator hypothesis predicts associative competition
between the context and the CS in single-element condi-
tioning, the conditioned responding to the CS should al-
ways vary inverselywith the product of its associationwith
the context and the context’s association with the out-
come. When a CS is preexposed, a strong CS–context as-
sociation is formed before training, and it enhances the
context’s potential to serve as a competing cue when it is
subsequently reinforced in compound with the CS (e.g.,
Grahame et al., 1994). The comparator hypothesis sug-
gests that a similar mechanism operates during extinction,
except the CS–context association is enhanced following
training. Although it is likely that other factors are in-
volved in the extinctionof conditionedresponding that do
not affect latent inhibition, it is possible that both types of
response attenuation share factors that are dependent on
the association between the context and the CS. Such a
claim suggests that manipulationsaffecting responding to
an extinguished CS should have similar effects on re-
sponding to a preexposed CS, particularly if these manip-
ulations affect the relationship between the CS and the
context.

The present series of experiments was designed to fur-
ther assess the empirical similarities between extinction

and latent inhibition. Specifically, these experiments ad-
dressed the relationship between the renewal effect and
the context specificity of latent inhibition. Both of these
effects pose a challenge for behavioral therapists seeking
to eliminate undesirable behaviors (e.g., extinction of
phobias) or prevent maladaptive learning (e.g., latent inhi-
bition of taste aversions caused by chemotherapy). If the
effects of a particular treatment do not generalize to nonclin-
ical environments, then the usefulness of the treatment is
obviously reduced. It is therefore desirable to discover
training manipulations that may enhance the generaliza-
tion of both CS preexposure and extinction. Toward this
end, behavioral experiments conducted in our laboratory
have demonstrated that the renewal effect may be attenu-
ated if the CS is massivelyextinguished(Denniston,Chang,
& Miller, 2003) or if the CS is extinguished in multiple
contexts (Gunther, Denniston, & Miller, 1998). Although
latent inhibition is often treated as being theoretically dif-
ferent from extinction, it is possible that these two manip-
ulations (i.e., nonreinforced presentations of the CS in
multiple contexts and massive nonreinforced CS expo-
sure) could be used in a latent inhibitiondesign to reduce
the context specificity of the preexposure treatment. Two
experiments involvingCS preexposure were conducted to
assess the effects that CS-alone presentations in multiple
contexts and that massive CS-alone presentations might
have on the context specificity of latent inhibition.

EXPERIMENT 1
Preexposure in Multiple Contexts

Experiment 1 was designed to investigate the effect of
preexposure to a CS in multiple contexts on the context
specificity of latent inhibition. If the context plays a role
in latent inhibition similar to its role in extinction, then
preexposing the CS in multiple contexts should enhance
transfer of the latent inhibition effect to contexts other
than those in which preexposure occurred. In this experi-
ment, subjects in three latent inhibition groups (LI, LI-
shift, and M-Ctx; see Table 1) received 60 unreinforced
presentationsof CS X in Phase 1 and 4 reinforced presen-
tations of CS X in Phase 2. Two control groups (Acq-D
and Acq-ABC) received unreinforced presentations of an

Table 1
Design Summary for Experiment 1

Group Phase 1 Phase 2 Test

1. Acq-D [---]A [---]B [---]C [60Y2]D [4 X®US]D [X]E
2. LI [---]A [---]B [---]C [60X2]D [4 X®US]D [X]E
3. LI-Shift 1/ 3 n [60X2]A 1/ 3 n [60X2]B 1/ 3 n [60X2]C [---]D [4 X®US]D [X]E
4. M-Ctx [20X2]A [20X2]B [20X2]C [---]D [4 X®US]D [X]E
5. Acq-ABC [20Y2]A [20Y2]B [20Y2]C [---]D [4 X®US]D [X]E

Note—Y and X denote tone and white noise, counterbalanced within groups; ® denotes “followed by”; US, 1-mA, 0.5-sec footshock; num-
bers (4, 20, and 60) next to the cues denote total trial numbers (over all days); subscripts A, B, C, D, and E denote five distinctly different
contexts in which treatment occurred. Group names Acq-D and Acq-ABC denote acquisition control conditions that received either pre-
exposure to a nontarget stimulus (Y) in Context D alone or in Contexts A, B, and C, respectively; Groups LI and LI-Shift indicate the con-
ditions with preexposure to the target stimulus (X) either in the conditioning context (D) or in a nonconditioning context (one third of the
subjects in A, one third in B, and one third in C, respectively); Group M-Ctx denotes preexposure of the target CS X in multiple contexts.
All training occurred in Context D and all testing occurred in Context E.
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irrelevant stimulus (Y) in Phase 1 followed by the rein-
forcement of CS X in Phase 2. The context of the CS-
preexposure treatment was manipulated between groups.
Groups Acq-D and LI received CS-preexposure treatment
in the conditioningcontext, Group LI-Shift in one differ-
ent context, and Groups M-Ctx and Acq-ABC in three dif-
ferent contexts. If the context-dependent recoveries from
latent inhibition and extinction were similarly subject to
change through the same manipulations, then we would
expect to observe a latent inhibition effect when the con-
text is not changed between phases (Group LI), recovery
from latent inhibition when the context is singly shifted
between phases (Group LI-Shift), and a disruption of that
context specificity when preexposure occurs in multiple
contexts (Group M-Ctx).

Method
Subjects

Thirty male (240–425 g) and 30 female (180–275 g) experimen-
tally naive Sprague–Dawley descended rats bred in our colony
served as subjects. Subjects were individually housed in wire-mesh
cages in a vivarium maintained on a 16:8-h light:dark cycle. Exper-
imental manipulations were conducted approximately midway
through the cycle. A progressive water deprivation schedule was im-
posed over the week prior to the beginning of the experiment, until
water availability was limited to 20 min per day. All the animals were
handled three times per week for 30 sec, from time of weaning until
the initiation of the study. The subjects were randomly assigned to
one of the five previously mentioned groups, counterbalanced for
sex (n 5 12 per group): Acq-D, Acq-ABC, LI, LI-shift, and M-Ctx.

Apparatus
Five types of training enclosures were used as different contexts

(R, V, S, MS, and MR). The five contexts (A, B, C, D, and E) were
formed from 6 V-shape (V) enclosures, 6 rectangular (R) enclosures,
12 square (S) enclosures, 12 modified square (MS) enclosures, and
12 modified rectangular (MR) enclosures. The R, V, and MS enclo-
sures were designated as Contexts A, B, and C and were counter-
balanced within groups; the S enclosures served as Context D (the
training context), and finally, the MR enclosures served as Context E
(the testing context).

The R enclosures were clear, Plexiglas rectangular chambers
22.75 3 8.25 3 13.0 cm (l 3 w 3 h) with a floor constructed of
0.48-cm diameter rods spaced 1.5 cm center-to-center, connected by
NE-2 neon bulbs that allowed constant-current footshock to be de-
livered by means of a high-voltage AC circuit in series with a 1.0-
MV resistor. Each of the six R enclosures had its own environmen-
tal isolation chest. They were dimly illuminated by a 2-W (nominal
at 120 VAC) bulb driven at 60 VAC mounted on an inside wall of the
environmental isolation chest approximately 30 cm from the animal
enclosure.

The V enclosures were 25.5-cm-long boxes in the shape of a ver-
tical truncated-V (28 cm high, 21 cm wide at the top, 5.25 cm wide
at the bottom). The floor and sides were constructed of sheet metal.
The ceiling was clear Plexiglas. The floor consisted of two parallel
metal plates each 2 cm wide with a 1.25-cm gap between them. The
V enclosures were dimly illuminated by a 7-W (nominal at 120 VAC)
bulb driven at 60 VAC mounted on an inside wall of the environ-
mental isolation chest approximately 30 cm from the animal enclo-
sure, with the light entering the animal enclosure being primarily
that reflected from the roof of the environmental chest. Due to dif-
ferences in opaqueness of the enclosures, this level of illumination
approximately matched that of the R enclosures.

The S enclosures (Context D) consisted of 12 operant chambers
each measuring 30.5 cm 3 27.5 cm 3 27.3 cm (l 3 w 3 h). All

chambers had clear Plexiglas ceilings and sidewalls, and metal front
and back walls. Chamber floors were constructed with 4-mm grids
spaced 1.7 cm apart center-to-center, connected with NE-2 neon
bulbs that allowed constant-current footshock to be delivered by
means of a high-voltage AC circuit in series with a 1.0-MV resistor.
Each chamber was dimly illuminated by a dim (#48PSB) houselight.

The MS enclosures were different instances of the S enclosures,
with the addition of a Plexiglas floor plate, an odor cue, and the ab-
sence of the houselight. The odor cue was produced by two drops of
banana odor on the surface of a wooden cube, which was placed in-
side the sound-attenuating environmental isolation chest, but not
inside the animal chamber.

The MR enclosures (Context E) were different instances of the R
enclosures, with the addition of a Plexiglas floor plate, an odor cue,
and the absence of the houselight. The odor used in the MR enclo-
sures was produced by two drops of methyl salicylate (a mint odor)
on the surface of a wooden cube. Each MR enclosure was equipped
with a water-filled lick tube which, when installed, extended 1 cm
into a cylindrical niche (axis perpendicular to a chamber wall)
4.5 cm in diameter, left–right centered with its bottom 1.75 cm above
the floor of the apparatus, and 5.0 cm deep. An infrared beam 0.5 cm
in front of the lick tube monitored when subjects were drinking.

In all of the aforementioned chambers, two 45-V speakers mounted
on different walls of the interior of each environmental chest could
deliver a complex tone (consisting of 3000-Hz and 3200-Hz pure
tones) or a white noise, both at 8 dB (C scale) above the ambient
background, which served as CSs X and Y, counterbalanced within
groups. The stimulus duration during preexposure and conditioning
was 10 sec. Background noise (primarily from a ventilation fan) was
78 dB (C scale).

All treatment took place in Contexts A, B, C, and D, but testing of
CS X took place only in Context E. Thus, the water-filled lick tubes
were available only in Context E. A novel testing context was used
to eliminate the possibility that the excitation of the conditioning
context (D) might generalize to the test stimulus X. Also, testing in
a novel context is more analogous to clinical applications than train-
ing and testing in the same context. Patients are often treated in a
clinical setting and released into a different context. The effective-
ness of an exposure therapy is frequently assessed by its potential to
generalize to other contexts. Thus, testing in a different context has
a clear practical rationale.

Procedure
Acclimation. On Day 1, all the groups were acclimated to Con-

text E (the test context) for 30 min to establish baseline drinking.
During this session, the animals had free access to the water-filled
tubes and no nominal stimuli were presented.

CS preexposure (Phase 1). On Days 2–13, context-alone expo-
sure or CS preexposure took place in Contexts A, B, C, and D
(Table 1). On each day, there was one 60-min session for each sub-
ject. The CS-preexposure sessions occurred on Days 3, 7, and 12.
During these sessions, subjects received 20 CS X-alone or CS Y-
alone presentations of 10 sec depending on the treatment scheduled
for their group. The mean intertrial interval (ITI; CS onset to CS
onset) was 185 sec (specifically 130, 150, 210, and 250 sec). The
group to which the subject belonged determined the contexts in
which the CS preexposure took place. For Groups Acq-D and LI,
preexposure to CSs Y and X, respectively, took place in Context D
(the training context). Furthermore, on Days 2, 4–6, 8–11, and 13,
these groups received exposure to Contexts A, B, and C, which
matched the context exposure of Groups LI-Shift, M-Ctx, and Acq-
ABC. The order of context exposure was randomly distributed by
days. The same matching of context exposure was implemented in
the rest of the groups (across groups, CSs differed and were given in
different locations). One third of the subjects in Group LI-Shift re-
ceived preexposure to CS X exclusively in Context A, another one
third in Context B, and the final third in Context C. Finally,
Groups M-Ctx and Acq-ABC received preexposure to CS X and
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CS Y, respectively, distributed uniformly over Contexts A, B, and C.
No lick tubes were present during this phase.

Conditioning (Phase 2). On Day 14, all of the subjects received
four CS X®US pairings in Context D, during which the termination
of the 10-sec CS X coincided with the onset of the US. The US was
a 1.0-mA, 0.5-sec footshock. Trial onset was at 4, 18, 30, and 50 min
into the single 60-min conditioning session, with a mean ITI of ap-
proximately 15 min. No lick tubes were present.

Reacclimation . On Days 15 and 16, reacclimation took place in
Context E for 30 min. During this session, the animals had free ac-
cess to the water-filled tubes and no nominal stimuli were presented.
The purpose of these reacclimation sessions was to stabilize baseline
drinking, which is usually disrupted by footshock.

Testing. On Day 17, testing with CS X took place in Context E.
After placement of the subjects in the testing context, the time re-
quired to complete the first 5 cumulative sec of licking was recorded
(pre-CS score). (The first 5 cumulative sec of licking specifically
refers to the cumulative time that the infrared beam immediately in
front of the lick tube was broken.) Immediately following 5 cumu-
lative sec of licking, CS X was presented for 15 min, and the time it
took the subject to complete 5 more cumulative sec of licking (now
in the presence of the CS) was recorded as our critical dependent
variable (CS score). Any subjects that took more than 60 sec to com-
plete the first 5 cumulative sec of licks were scheduled to be ex-
cluded from all the subsequent analyses because such high pre-CS
scores indicated an unusually strong fear to the testing context. No
subjects were excluded from the present study. All the drinking la-
tencies (both prior CS and during CS presentation) were converted
into log (base 10) times to better approximate the normality as-
sumption of parametric tests. An a level of .05 was selected as our
criterion for significance.

Results and Discussion
The present experiment showed that preexposinga stim-

ulus in multiple contexts attenuated the context specificity
of latent inhibition. Most importantly, attenuation of la-

tent inhibitiondue to a context shift between preexposure
and conditioningwas not observed if the CS preexposure
took place in three contexts (as opposed to one context)
prior to the CS–US pairings in the trainingcontext.The fol-
lowing statistical analyses confirmed these observations.

Prior to the analyses of the CS suppression scores, an
analysis of the pre-CS times to complete 5 cumulative sec
of drinking was conducted to ensure that the baseline
drinking prior to the target stimulus presentationwas sim-
ilar acrossgroups.A one-wayanalysisof variance(ANOVA)
conducted on the pre-CS scores revealed no significant
difference between the groups [F(4,55) 5 0.70, MSe 5
0.02, p . .50]. Given similar pre-CS scores, any differ-
ences in the CS scores between the groups could be at-
tributed to the subjects’ conditioned fear response to the
target stimulus. To ensure that the use of different physi-
cal contexts did not confound responding in Group LI-
Shift (one third of the subjects each received CS preexpo-
sure in Contexts A, B, and C, respectively), a one-way
ANOVA was conductedon the CS scores of the subgroups
(A, B, and C) of LI-shift. No subgroup differences were
detected [Fs(1,9) , 1]. Because the subgroupswere coun-
terbalanced and did not significantly differ from one an-
other, their data were pooled for all of the subsequent
analyses.

A one-way ANOVA was then conductedon the times to
complete 5 cumulative sec of drinking in the presence of
the CS to assess possible treatment effects. Using group as
an independentfactor and lick suppression in the presence
of the target CS as the dependent factor, an overall effect
was detected[F(4,55)5 23.17,MSe 5 0.05,p , .001] (Fig-
ure 1). Using the error term from this one-way ANOVA,

Figure 1. Experiment 1: Preexposure in multiple contexts. Bars depict mean
times to complete 5 cumulative sec of drinking in the presence of the test stim-
ulus (X). Greater scores indicate greater fear, thus better conditioned re-
sponding. Therefore, lower scores are indicative of latent inhibition. Error
brackets denote the standard error of the mean for each group. See Table 1 for
procedural details.
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planned comparisons were conducted to investigate the
specific treatment effects. A planned comparison of
Groups Acq-D and LI revealed a latent inhibition effect
[F(1,55) 5 38.65, p , .001]. The latent inhibition effect
was not observed when the subjects received preexposure
and conditioning in different contexts, and the means in-
dicate there was not even a tendency toward latent inhibi-
tion (LI-shift vs. Acq-D) [F(1,55) 5 1.25, p . .20]. This
attenuation of latent inhibitionwas less pronounced if the
CS-preexposure training occurred in multiple contexts; a
planned comparison of Groups M-Ctx and Acq-ABC
demonstrated that latent inhibition was not abolished by
training in a context different from the preexposure con-
text when the CS-preexposure treatment took place in
multiple contexts [F(1,55) 5 30.02, p , .001]. The ob-
servation that subjects in Group LI-Shift suppressed more
to the target CS than did subjects in Group M-Ctx sup-
ports this conclusion [F(1,55) 5 27.72, p , .001]. The
level of suppression exhibited in Group M-Ctx was, how-
ever, greater than that expressed by Group LI, suggesting
that the effect of CS preexposure did not generalize per-
fectly, even when the CS was preexposed in multiple con-
texts [F(1,55) 5 4.28, p , .05]. These results demonstrate
that although latent inhibition is sometimes limited to the
preexposure context, the effect will be less context spe-
cific when multiple preexposure contexts are used.

EXPERIMENT 2
Massive Preexposure

Experiment 1 established that preexposing a CS in mul-
tiple contexts other than the training and testing contexts
attenuated the context specificity of latent inhibition,
therebyestablishinga parallel with the previouslyobserved
reduction of the context specificity of extinction by ex-
tinction in multiple contexts (Gunther et al., 1998). Den-
niston et al. (2003) identified a second manipulation that
also attenuated the context specificity of extinction—
namely, truly massive extinction of the CS (i.e., 800 non-
reinforced trials). If the same manipulationcan disrupt the
context specificity of latent inhibition, then further em-
pirical support would be garnered to suggest that latent in-
hibition and extinction share a common cognitiveprocess
regarding the role of context in responding. In order to in-

vestigate the effect of massive CS preexposure, we con-
ducted an experiment similar to Denniston et al.’s Exper-
iment 2, except that the nonreinforced trials occurred prior
to the reinforced trials. We anticipated that a massive
number of CS-preexposure trials would attenuate the con-
text specificity of latent inhibition relative to few CS-
preexposure trials.

This experiment was conducted in two separate repli-
cations. In the results of the first replication,we observed
a nonsignificant tendency for massive CS preexposure to
increase the context generality of latent inhibition. In
order to test the reliability of this tendency, we conducted
a complete replication. Before combining the data from
the two replications,we determined that there was no sig-
nificant main effect or interaction of replication with
treatment ( ps . .30).

Method
Subjects

Sixty male (228–325 g) and 60 female (180–241 g) experimen-
tally naive Sprague–Dawley descended rats bred in our colony
served as subjects. Subjects were maintained, housed, and handled
as in Experiment 1. The subjects were randomly assigned to one of
five groups: Group Acq, Few-LI, Few-Shift, Many-LI, and Many-
Shift, counterbalanced for sex (n 5 24 per group; see Table 2).

Apparatus
CS preexposure and conditioning took place in two types of en-

closures (R and V). Six of each type of enclosure served as Con-
texts A and B, counterbalanced within groups. The descriptions of
the R and V enclosures are detailed in Experiment 1. A third context,
C, was used for testing for the same reason that a nontreatment con-
text was used for testing in Experiment 1. Context C was provided
by the MR enclosures used in Experiment 1. Context C was also
equipped with a water-filled lick tube as previously described. The
CSs and US were the same as in Experiment 1. Contexts A and B
were used in Phase 1 (CS-preexposure phase), Context B was also
used in Phase 2 (conditioning), and Context C was used only in the
acclimation, reacclimation, and testing phases.

Procedure
Acclimation. On Day 1, all the groups were acclimated to Con-

text C for 30 min following the procedure described in Experi-
ment 1.

CS preexposure (Phase 1). On Days 2–17, context-alone expo-
sure and CS-preexposure training took place in Contexts A and B.
Each subject experienced one 60-min session per day. Exposure to
Contexts A and B was arranged in the following fashion by days:

Table 2
Design Summary for Experiment 2

Group Phase 1 Phase 2 Test

1. Acq [---]A [400Y2]B [4 X®US]B [X]C
2. Few-LI [---]A [300Y2]B / [100X2]B [4 X®US]B [X]C
3. Few-Shift [300 Y2]A / [100 X2]A [---]B [4 X®US]B [X]C
4. Many-LI [---]A [400 X2]B [4 X®US]B [X]C
5. Many-Shift [400 X2]A [---]B [4 X®US]B [X]C

Note—Y and X denote click and white noise, counterbalanced within groups; ® denotes “followed by”; US, 1-mA,
0.5-sec footshock; numbers (4, 100, 300, and 400) next to the cues denote trial numbers; subscripts A, B, and C de-
note three distinctly different contexts. Acq denotes the control condition that received preexposure to nontargetCS Y,
and LI denotes the CS-preexposure control; many denotes extensive (400) CS-preexposure trials; few denotes few
(100) CS-preexposure trials; shift denotes context-shift condition, in which CS-preexposure training occurs in a con-
text (A) that is different from the conditioning context (B). All testing occurred in Context C.
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ABBABAABABBABAAB. Therefore, all the groups experienced
Context A on Days 2, 5, 7, 8, 10, 13, 15, and 16, and Context B on
Days 3, 4, 6, 9, 11, 12, 14, and 17. The stimulus preexposure sessions
included 10 CS-preexposure trials per 12 min, and the same trial reg-
imen was cycled five times to generate 50 CS X or Y presentations
of 10 sec each. The mean ITI for trial onset was 56 sec (range 5
30–84 sec; specifically, 50, 64, 43, 57, 84, 71, 80, 34, 60, 47, and
30 sec). The subjects’ group determined which stimulus (X or Y)
was preexposed in which context (A or B) on which days. Subjects
in Groups Acq and Many-LI received 400 exposures to CS Y and
CS X, respectively, in Context B (on Days 3, 4, 6, 9, 11, 12, 14, and
17). Subjects in the Many-Shift group received their 400 CS X ex-
posures in Context A (on Days 2, 5, 7, 8, 10, 13, 15, and 16). Sub-
jects in the Few-LI group received 300 exposures to CS Y in Con-
text B on Days 3, 4, 6, 9, 11, and 12, followed by 100 exposures to
CS X in Context B on Days 14 and 17. Subjects in the Few-Shift
group received 300 exposures to CS Y in Context A on Days 2, 5, 7,
8, 10, and 13, followed by 100 exposures to CS X in Context A on
Days 15 and 16. Importantly, this procedure maintained a uniform
mean ITI between groups for exposure to CS X.

Conditioning (Phase 2). On Day 18, all of the subjects received
four CS X®US pairings in Context B, during which the termination
of the 10-sec CS X coincided with the onset of the US. The trial on-
sets were at 4, 18, 30, and 50 min into the 60-min session (mean ITI
was 15 min, as in Experiment 1). No lick tubes were present during
this phase.

Reacclimation . On Days 19 and 20, reacclimation took place in
Context C for 30 min, following the procedure described in Experi-
ment 1.

Testing. On Day 21, testing of CS X took place in Context C. The
test procedure was the same as that used in Experiment 1. As in Ex-
periment 1, any subjects that took more than 60 sec to complete the

first 5 cumulative sec of drinking (pre-CS scores) were excluded
from all the subsequent analyses. As a result of this rejection crite-
rion, 1 subject from Group Few-Shift was excluded from the overall
analyses.

Results and Discussion
The results of the present experiment show that the con-

text specificity of latent inhibition is sensitive to the num-
ber of preexposure trials. Typically, it is found that the la-
tent inhibition effect is disrupted when preexposure and
conditioningtake place in different contexts.However, the
present findings indicate that this context specificity was
not apparent when a large number of CS-preexposure tri-
als (400) relative to few trials (100) were administered
prior to conditioning pairings. The following statistical
analyses support this conclusion.

Prior to the critical analyses conductedon lick suppres-
sion scores in the presence of the target CS X, a one-way
ANOVA performed on the pre-CS scores indicated that all
groups were drinking at similar baseline rates prior to the
presentation of CS X [F(4,114) 5 1.92, MSe 5 0.03, p .
.11]. Another one-way ANOVA indicated that all groups
were drinking at similar baseline rates prior to the presen-
tation of CS X. Another one-way ANOVA performed on
the 5 cumulativesec of drinking in the presence of the tar-
get CS X (CS suppression scores) showed a main effect of
treatment [F(4,114) 5 26.30, MSe 5 0.14, p , .001]. The
means of each treatment group are shown in Figure 2.

Figure 2. Experiment 2: Massive preexposure. Bars depict mean times to
complete 5 cumulative sec of drinking in the presence of the test stimulus (X).
Greater scores indicate greater fear, thus better conditioned responding.
Therefore, lower scores are indicative of latent inhibition. Error brackets de-
note the standard error of the mean for each group. See Table 2 for procedural
details.
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In order to understand the data pattern, planned com-
parisons were conducted on the drinking latency in the
presence of the target CS X. A planned comparison of
Groups Acq and Many-LI revealed the CS-preexposure
(i.e., latent inhibition) effect, in which behavioral control
by a CS is retarded due to pretraining exposure to that
stimulus [F(1,114) 5 65.98, p , .001]. This latent inhi-
bition was also apparent in Group Few-LI relative to
Group Acq [F(1,114) 5 45.59, p , .001]. A comparison
of Groups Many-Shift and Many-LI showed that greater
conditioned suppression was observed when preexposure
training took place in a context that differed from the con-
ditioningcontext [F(1,114) 5 6.56, p , .05]. The renewal
of responding was also observed in subjects receiving few
preexposures, with Group Few-Shift suppressing more
than Group Few-LI [F(1,114) 5 34.95, p ,.05].

Central to the present experiment was the question of
whether massive CS-preexposure training would reduce
the attenuation of latent inhibition that arises from differ-
ences between the preexposure context and the condition-
ing context. This was examined using a 2 (preexposure
number: few vs. many) 3 2 (context:LI vs. shift) ANOVA,
which did reveal an interaction between the number of
preexposures given and the context of training [F(1,91) 5
5.95, MSe 5 0.14, p , .05]. We suspected that this inter-
action resulted from a larger renewal effect in the subjects
in the few condition relative to the subjects in the many
condition. This expectation was confirmed, as animals in
Group Few-Shift suppressed drinking more to the target
CS than did animals in Group Many-Shift [F(1,91) 5
23.10, p , .001]. Also, a comparison of Groups Few-LI
and Many-LI showed no significant difference in the level
of latent inhibition produced by the different amounts of
preexposure [F(1,91) 5 1.94, p . .15]. This suggests that,
at least in this preparation, the 100 CS preexposures given
to Group Few-LI produced a level of latent inhibition that
was not significantly different from that produced by 400
CS preexposures. One possible problem with this com-
parison is that this lack of a difference may have resulted
from a floor effect. However, as can be seen in Figure 2,
the means for both groups were substantially above the
floor value of 0.70 log sec. This floor value is calculated
by considering the time that a subject would register if it
showed no conditioned suppression to the stimulus. Es-
sentially, if the subjects continue drinking in the presence
of the stimulus, theywill register 5 cumulativesec of drink-
ing in 5 sec. Although no subjects reached this absolute
behavioral floor, it may be argued that there was a func-
tional or psychological floor for this particular prepara-
tion that was higher than the absolute floor (approaching
the mean suppression time of Group Many-LI). The fact
that a number of subjects did approach the 5-sec limit (2
from Group Few-LI and 3 from Group Many-LI), regis-
tering responses in the range of 5–6 sec, indicates that the
functional or psychological floor for this preparation
could not be significantly higher than the absolute floor.
Furthermore, a dependent samples t test comparing the

pre-CS and CS scores for the subjects in Group Many-LI
revealed a marginally significant difference, reflecting
slightly lower responding to the initial presentation of the
context (1.00 log sec) than to the CS (1.12 log sec) [t (23) 5
2.05, p 5 .052]. Again, this suggests that any functional
floor for this preparation lies below the level of respond-
ing to the CS observed in Group Many-LI.

GENERAL DISCUSSION

The present series of experiments demonstrates that the
context specificity of the CS preexposure effect can be at-
tenuated if the CS is presented in multiple contexts before
conditioning (Experiment 1) or if there are a sufficient
number of CS-alone trials (Experiment 2). These observa-
tions indicate an empirical similarity between the context
specificity of latent inhibition and that of extinction. Al-
though this similarity is not well addressed by most mod-
ern theories, it does provide further support for the notion
that extinction and latent inhibition may share common
underlying cognitive processes. Furthermore, these results
provide useful information about the nature of the context
specificity of latent inhibition that corresponds to predic-
tions of modern learning theories.

The present series of experiments provides support for
some conceptionsof the mechanisms underlyinglatent in-
hibition. In particular, these data might be best explained
by theories that stress the role that the context plays in la-
tent inhibition(e.g., Lubow & Gewirtz, 1995; McLaren &
Mackintosh,2000;Miller& Matzel,1988;Wagner, 1981).
Although these models vary widely in their accounts of
latent inhibition, all suggest that the association built be-
tween the CS and the context during the preexposure
phase of latent inhibition mediates the retardation in re-
sponding (either through an acquisition- or response-
based mechanism). For all of these models, latent inhibi-
tion is context specific because the CS–context association
developed during preexposure will not affect responding
if the CS is trained in a different context.

The aforementioned models account for the results of
Experiment 1 if the context is assumed to be an elemental
stimulus (i.e., a stimulus composed of many individually
associable elements), an assumption that is explicit in
models such as Wagner’s (1981) SOP and McLaren and
Mackintosh (2000). In Experiment 1, subjects’ receiving
partial preexposure in multiple contexts (different from
the training context) would allow the CS to be associated
with a more diverse number of contextualelements relative
to a control that receives all of the preexposures in one con-
text.This increases the chances that a novel trainingcontext
would share some elements with the preexposure con-
texts, essentially increasing the similarity between the
contexts of preexposure and training. If the novel training
context shares enoughelements with the preexposure con-
texts, then the latent inhibition effect should generalize to
this context. The observations of Experiment 1 are con-
sistent with this view.
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The results of Experiment 2 can also be predicted by a
number of theories emphasizing the importance of
context–CS associations in latent inhibition if it is as-
sumed that only a sample of context elements are able to
become associated with the US on a given trial. Again, the
idea of elemental sampling is explicitly stated in the for-
mal models of Wagner’s (1981) SOP and McLaren and
Mackintosh (2000), but could easily be applied to many
other theories of latent inhibition. If only a percentage of
the elements composing the context are able to associate
with the CS during a particularCS-alonepresentation, then
massive preexposure in one context should increase the
percentage of contextual elements that will be associated
with the CS. Increasing the number of elements sampled
in turn increases the probability that some elements of a
novel training context will correspond to some elements
of the preexposure context. Consistent with this expecta-
tion, the results of Experiment 2 indicated that a larger
number of preexposure trials can facilitate latent inhibi-
tion despite a context shift between preexposure and con-
ditioning.

In addition to the theoretical implicationsof the present
data, there is also a clinical utility. For example, Lubow
(1998) details many possible clinical uses for latent inhi-
bition. The latent inhibition effect may be used as a be-
havioral treatment to prevent maladaptivebehaviors from
being acquired or expressed, just as an extinction treat-
ment is used to eliminate unwanted behaviors after they
have been acquired. Consequently, the context specificity
of latent inhibition could be an obstacle for potential pro-
phylactic treatments because it causes the prevention of
maladaptive behaviors to be context specific. The results
of the present series of experiments suggest that certain
techniques may enhance the context generalization of la-
tent inhibition training. Although the results of Experi-
ment 2 may be obvious from a clinical standpoint (more
treatment yields a more effective treatment), the results of
Experiment 1 suggest a less obvious but potentially use-
ful technique for establishing effective latent inhibition.
One possible clinical application for the present series in-
volves the prevention of conditioned taste aversion learn-
ing. Cancer patients that receive chemotherapy treatments
often develop conditioned aversions to the food that they
eat close to the time of treatment, which potentially en-
hances the wasting effects of the treatments and slows re-
covery. Possibly, preexposure to a food stimulus in multi-
ple contexts could best prevent the expression of a
conditioned taste aversion outside of the context in which
it is learned.

Also reviewed by Lubow (1998), another potential ap-
plication of these data regards the prophylactic treatment
of phobias. Human research indicates that prophylactic
systematic desensitization can retard phobic responses to
common fear-inducing stimuli such as snakes or public
speaking (Jaremko, 1978; Jaremko & Wenrich, 1973).The
present results are especially pertinent to this potentialap-
plication, because the context of anxiety-inducingstimuli

can be extremely variable. For example, a phobia to a com-
mon animal such as a dog could manifest in many differ-
ent contexts, and any prophylactic treatment of these pho-
bias would be ineffective if that treatment were highly
context specific. However, in considering this possible
clinical application, it is important to note that the acqui-
sition or expression of human phobias and anxiety disor-
ders may not be directly analogous to fear conditioning
(for a review of criticisms and rebuttals, see Ayres, 1998).
Although it is possible that most phobias are not learned
in a traditional Pavlovian method, the potential context
specificity of a proactive fear-reducing treatment such as
prophylactic systematic desensitization could still be an
issue. The manipulations included in the present designs
(i.e., CS preexposure in multiple contexts and massive CS
preexposure) increase the contextualgeneralityof the pro-
phylactic fear-retarding effects of latent inhibition.

In summary, the results of this series of experiments
further demonstrate the empirical similarities between the
effects of latent inhibition and extinction, suggesting that
the context plays a similar role in these two phenomena.
However, these empirical similarities do not necessarily
indicate that similar cognitive or physiological mecha-
nisms underlie latent inhibition and extinction.For exam-
ple, the comparator hypothesis (Miller & Matzel, 1988)
proposes that similar mechanisms influence latent inhibi-
tion and extinction, whereas Wagner’s (1981) SOP model
explains the two effects using very different mechanisms.
Biologically, there is evidence for a dissociation of the
physiological substrates underlying latent inhibition and
extinction in fear conditioning,particularly with regard to
context specificity (e.g., Harris & Westbrook, 1998). Re-
gardless of the implicationsfor mechanisms, there is a po-
tential clinical application for the results. The generaliza-
tion of prophylacticbehavioral treatmentsmay be increased
through extensive training or through training in multiple
contexts. Using either of these techniques could augment
the overall effectiveness of latent inhibitionas a treatment
to prevent the development of maladaptive behaviors.
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