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Abstract

Background and objectives—Recent data indicate that extinguished fear often returns when

the testing conditions differ from those of treatment. Several manipulations including extensive

extinction training, extinction in multiple contexts, and spacing the extinction trials and sessions

reduce the return of fear. Moreover, extensive extinction and extinction in multiple context

summated, and the spacing of the extinction trials and sessions summated to further reduce the

return of fear. Here we evaluated whether these techniques also attenuate the context specificity of

latent inhibition, and whether they summate to further decrease fear responding at test.

Methods—In two experiments, with rats as subjects in a lick suppression preparation, we

assessed the effects of massive CS preexposure, CS preexposure in multiple contexts, and of

spacing the CS-preexposure trials and sessions, in reducing the context specificity of latent

inhibition.

Results—Fear responding was attenuated by all four manipulations. Moreover, extensive CS

preexposure in multiple contexts, and conjoint spacing of the CS-preexposure trials and sessions,

were more effective in reducing the context specificity of latent inhibition than each manipulation

alone.

Limitations—Our experimental designs evaluated degrees of context specificity of latent

inhibition but omitted groups in which latent inhibition was assessed without a context shift away

from the context of latent inhibition treatment. This precluded us from drawing conclusions

concerning absolute (as opposed to relative) levels of recovery from latent inhibition.

Conclusions—Techniques effective in decreasing the return of conditioned fear following

extinction are also effective in decreasing the context specificity of latent inhibition in an animal

model of anxiety. Fear and anxiety disorders might be prevented in anxious human participants

with the same techniques used here, but that is still an empirical question.

© 2014 Elsevier Ltd. All rights reserved.
*Corresponding author. Tel.: +1 607 777 2291; fax: +1 607 777 4890. rmiller@binghamton.edu (R.R. Miller).

declaration of interest
The authors declare having no conflicts of interest.

NIH Public Access
Author Manuscript
J Behav Ther Exp Psychiatry. Author manuscript; available in PMC 2015 September 01.

Published in final edited form as:
J Behav Ther Exp Psychiatry. 2014 September ; 45(3): 343–350. doi:10.1016/j.jbtep.2014.02.005.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Keywords

Extinction; Exposure therapy; Latent inhibition; Context specificity of latent inhibition; Return of
fear

Introduction

In a fear-conditioning preparation a neutral stimulus (conditioned stimulus; CS; e.g., a light)

is presented just prior to an aversive event (unconditioned stimulus; US; e.g., a mild

footshock) during acquisition training, which gives the CS behavioral control over fear

responses elicited previously solely by the US. Presumably a CS–US fear association

underlies such learning. Given that fear associations of this kind are believed to be involved

in the onset of pathological fear and anxiety disorders in humans (e.g., Field, 2006; Laborda,

Miguez, Polack, & Miller, 2012; Mineka & Oehlberg, 2008), studying manipulations that

attenuate fear responding in animal models may be informative to clinicians interested in

developing better approaches to prevent and/or eliminate fear and anxiety disorders.

Fear responding to a CS is susceptible to reduction through extinction treatment which

consists of presentations of the CS alone (e.g., Pavlov, 1927); however, the effect of

extinction treatment is labile and extinguished CSs are likely to elicit fear responding once

again under a number of circumstances. For example, an extinguished CS elicits more fear

responding when, after acquisition training and extinction treatment in two different

contexts, it is tested back in the acquisition context or in a third context (ABA and ABC

renewal; e.g., Bouton & Bolles, 1979; Bouton & King, 1983; Rosas, García-Gutiérrez, &

Callejas-Aguilera, 2007), than when it is tested in the extinction context. Similarly, an

extinguished CS elicits more fear responding when it is tested a long time following

extinction treatment than when it is tested soon following this manipulation (spontaneous

recovery; Pavlov, 1927). Thus, fear conditioning models the acquisition of anxiety disorders,

fear extinction models exposure therapy, and the return of fear following context changes

and/or the passage of time models relapse after exposure therapy (e.g., Bouton, 1988;

Bouton & Nelson, 1998; Laborda, McConnell, & Miller, 2011).

Research on extinction has identified some behavioral manipulations that attenuate the

return of fear (for reviews, see Bouton, Woods, Moody, Sunsay, & García-Gutiérrez, 2006;

Laborda et al., 2011). For example, the return of fear has been attenuated in our fear-

conditioning preparation with rats as experimental subjects by: a) using a massive number of

extinction trials (Denniston, Chang, & Miller, 2003), b) delivering extinction treatment in

multiple contexts (Gunther, Denniston, & Miller, 1998), c) spacing the extinction trials

(Urcelay, Wheeler, & Miller, 2009), and d) spacing the extinction sessions (Laborda,

Miguez, & Miller, 2014). Moreover, Laborda et al. (2014) provided evidence suggesting that

the mechanisms underlying the effects of session spacing are different from those of trial

spacing.

Recently, we found that these manipulations not only decrease the return of fear but also that

their effects summate to better reduce the reappearance of fear responses. Laborda and

Miller (2013) replicated and extended Denniston et al.’s (2003) protective effect of massive
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numbers of extinction trials and Gunther et al.’s (1998) protective effect of extinction being

administered in multiple contexts, in a preparation in which spontaneous recovery and

renewal otherwise summated to produce strong return of fear of the CS (see Rosas &

Bouton, 1998; Rosas, Vila, Lugo, & López, 2001). They found that extended extinction

treatment in multiple contexts was more effective in attenuating the return of fear than each

of these techniques by itself. Similarly, Laborda et al. (2014) replicated and extended

Urcelay et al.’s (2009) trial spacing effect, also in a preparation in which renewal and

spontaneous recovery summated eliciting strong return of fear. More importantly, they

found that conjoint spacing of extinction trials and spacing of extinction sessions was more

effective in attenuating the return of fear than either treatment alone.

Just as fear responding is reduced by presentations of the CS alone after acquisition training

(i.e., extinction; e.g., Pavlov, 1927), presentations of the CS alone before acquisition training

also reduce fear responding (i.e., latent inhibition, also known as the CS-preexposure effect;

e.g., Lubow, 1973a; Lubow & Moore, 1959). Moreover, just as extinction seems to be

specific to the context in which it occurs, responding to a latently inhibited CS seems to be

minimized when testing occurs in the context of preexposure. The context specificity of

latent inhibition is also evidenced when subjects receive preexposure treatment and

acquisition training in two different contexts and are tested back in the acquisition context or

in a novel context, relative to subjects tested in the context of latent inhibition treatment

(e.g., Bailey & Westbrook, 2008; Maes, 2002). The observed context specificity of latent

inhibition is consistent with the view that CS preexposure creates a memory of the

nonreinforced CS that later competes with the memory of the CS being reinforced (i.e., the

CS–US association) and contradicts the initial view of latent inhibition that CS preexposure

simply retards subsequent acquisition of the CS–US association (for a theoretical review, see

Escobar & Miller, 2012).

Just as extinction of fear conditioning models exposure therapy, latent inhibition of fear

conditioning can be viewed as a technique that prevents the development and/or the

expression of conditioned fear, and it potentially models a means of preventing anxiety

disorders (e.g., Lubow, 1973b, 1998). For instance, cues apt to be presented in the presence

of expected traumatic events could be preexposed to attenuate the formation of aversive

associations, which might reduce the likelihood of developing pathological fear reactions to

these events or at least reduce the strength of the expression of such reactions (e.g.,

prevention of posttraumatic stress disorder in soldiers). At least in certain circumstances,

one might want latent inhibition to generalize to contexts and times other that those of latent

inhibition treatment; hence, as with the return of fear, the context specificity of latent

inhibition is an effect we might want to thwart in applied settings.

Can the context specificity of latent inhibition be prevented or at least attenuated through the

use of techniques similar to those that have proven successful in attenuating the return of

fear after extinction treatment? The small existing literature concerning this suggests these

manipulations might prove effective in making latent inhibition more enduring. For

example, Wheeler, Chang, and Miller (2003) found that both massive CS-preexposure

treatment and CS preexposure in multiple contexts attenuated the contextual specificity of

latent inhibition. In the present research, we evaluated whether techniques that summate to
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reduce the return of fear after extinction, massive nonreinforcement in multiple contexts,

and conjoint spacing of nonreinforcement trials and sessions, also summate to prevent or at

least attenuate the context specificity of latent inhibition.

Experiment 1

The purpose of the present series of experiments was to evaluate whether some behavioral

manipulations that attenuate the return of conditioned fear produced by a change in context

from that of extinction following extinction treatment can also reduce the context specificity

of latent inhibition, potentially identifying a number of new parallels between extinction

phenomena and latent inhibition phenomena. More specifically, Experiment 1 (see Table 1

for the experimental design) was intended to evaluate whether massive CS-preexposure

trials in multiple contexts attenuate the context specificity of CS preexposure, just as

massive extinction trials in multiple contexts has shown to reduce the return of fear

(Laborda & Miller, 2013). All subjects were exposed to a procedure with CS–US pairings

occurring in a context different from the context(s) in which CS preexposure had occurred,

and testing occurring in a third distinct context. No control for latent inhibition (i.e., a group

in which latent inhibition is assessed without a context shift away from the context of CS

preexposure) was included because our goal was not to demonstrate an absolute latent

inhibition effect, but to assess differences in degrees of latent inhibition. A 2 × 2 factorial

design was used with the two variables being CS preexposure in one or multiple different

contexts and the number of preexposure trials being moderate or massive (i.e., many).

Methods

Subjects—The subjects were 24 male (249–404 g) and 24 female (186–268 g),

experimentally naive, Sprague–Dawley descended rats obtained from our own breeding

colony. Subjects were randomly assigned to one of four groups (ns = 12; Single/Moderate,

Single/Massive, Multiple/Moderate, and Multiple/Massive), counterbalanced within groups

for sex. The animals were individually housed in standard hanging stainless steel wire mesh

cages in a vivarium maintained on a 16/8 h light/dark cycle. Experimental manipulations

occurred near the middle portion of the light phase. The animals received free access to

Purina Lab Chow, whereas water availability was limited to 30 min per day following a

progressive deprivation schedule initiated one week prior to the start of the study. From the

time of weaning until the start of the study, all animals were handled for 30 s, three times

per week.

Apparatus—Thirty experimental chambers of three different basic types were used to

construct five distinct contexts. Chamber O was a 30-cm long, 30-cm wide, and 27-cm high

operant chest. The sidewalls of the chamber were made of stainless steel sheet metal, and the

front wall, back wall, and ceiling of the chamber were made of clear Plexiglas. The floor

was constructed of 0.3 cm diameter rods, spaced 1.3 cm center-to-center, connected by NE-2

neon bulbs that allowed a constant-current footshock to be delivered by means of a high

voltage AC circuit in series with a 1.0-MΩ resistor. Each of twelve copies of Chamber O

was housed in an environmental isolation chest that was dimly illuminated by a house light

(1.12-Watt, #1820 incandescent bulb) mounted on one wall of the experimental chamber.
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Each Chamber O could be equipped with a water-filled lick tube that extended 1-cm into a

cylindrical niche, which was 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. There was a photobeam detector 1-cm in

front of the lick tube that was broken whenever the subject licked the tube.

Chamber V was a 27-cm long box in a truncated-V shape (29.5-cm height, 21.5-cm wide at

top, and 5.5-cm wide at bottom). The floor was comprised of two 27-cm long, 2-cm wide

stainless plates, with a 1.5-cm gap between the two plates. A constant-current footshock

could be delivered through the metal walls and floor of the chamber. The ceiling was clear

Plexiglas, the front and back walls were black Plexiglas, and the sidewalls were stainless

steel. Each of six copies of Chamber V was housed in a separate sound- and light-

attenuating environmental isolation chest. The chamber was illuminated by a 7-W (nominal

at 120 VAC, but driven at 50 VAC) light bulb, which was mounted on the inside wall of the

environmental enclosure, approximately 30-cm from the center of the experimental

chamber. The light entered the chamber primarily by reflection from the ceiling of the

environmental chest.

Chamber R was rectangular, measuring 24.0 × 9.0 × 12.5 cm (l × w × h). The walls and

ceiling of Chamber R were clear Plexiglas, and the floor was comprise of stainless steel rods

measuring 0.5-cm diameter, spaced 1.3-cm apart (center to center). The rods were connected

by NE-2 bulbs, which allowed the delivery of a constant-current footshock. Each of twelve

copies of Chamber R was housed in separate light- and sound-attenuating environmental

isolation chambers. Each chamber was dimly illuminated by a 2-W (nominal at 120 VAC,

but driven at 50 VAC) incandescent house light mounted on an inside wall of the

environmental chest located approximately 30-cm from the animal enclosure.

A 45-Ω speaker on one inside wall of the isolation chests could deliver a click train (6 Hz, 6

dB above background). Ventilation fans in each enclosure provided a constant 76-dB

background noise. All auditory cues were measured on the C-scale. The light intensities

inside the three chambers were approximately equal due to the differences in opaqueness of

the walls of Chambers V, R, and O.

A 10-s click train served as CS X and a 0.7-mA, 0.5-s footshock served as the US. Five

physical contexts were used, three for CS-preexposure sessions (Contexts A, B, and C), one

for fear acquisition training (Context D), and one for testing (Context E). The physical

contexts used as Contexts A, B, and C were counterbalanced within groups. The three CS-

preexposure contexts were a) an instance of Chamber R with house light (HL) off, with a

block of wood with two drops of 98% methyl salicylate inside the isolation chest, and with

Plexiglas covering the grid floor, b) an instance of Chamber R different from the one used in

(a) with HL on, no odor cue added, and no Plexiglas floor, and c) an instance of Chamber V

with HL on. Context D consisted of an instance of Chamber O with HL off and a block of

wood with two drops of lemon essence located inside the isolation chest. Finally, Context E

was an instance of Chamber O (different from the one used as Context D) with HL on, and

Plexiglas covering the grid floor. No odor cue was used in this context.

Procedures—See Table 1 for the experimental design of Experiment 1.
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Acclimation: On Day 1, all subjects were acclimated to Context E (the test context) in a 30-

min session. In this session, subjects had free access to water-filled lick tubes and no

nominal stimuli were programmed to occur.

Preexposure: On Days 2–4, all subjects received a daily CS-preexposure session in the

appropriated CS-preexposure context for that day and one daily session of mere exposure to

each of the two CS-preexposure contexts not used for CS preexposure on that day, with the

order of sessions counterbalanced within groups. Subjects in Condition Single received a

daily CS-preexposure session in Context A, and a daily exposure session to each of Contexts

B and C. Subjects in Condition Multiple received a daily CS-preexposure session in three

different contexts (Context A on Day 2, Context B on Day 3, and Context C on Day 4) and a

daily exposure session to the two CS-preexposure contexts not used for CS-preexposure

training on that day (Contexts B and C on Day 2, Contexts A and C on Day 3, and Context

A and B on Day 4). Condition Moderate received a total of 90 CS-preexposure trials divided

equally among the three days (i.e., 30 trials in one of the three sessions on each of the three

days), while Condition Massive received 450 CS-preexposure trials divided equally among

the three days (i.e., 150 trials in one of the three sessions on each of the three days). CS-

preexposure sessions included nonreinforced presentations of CS X, while context exposure

sessions (which were administered to equally expose subjects to all three of the pre-exposure

contexts) did not include presentations of CS X. All pre-exposure sessions were 40 min in

duration and there was a 10-min intersession interval. For all groups, CS-preexposure trials

had an intertrial interval (ITI) of 6 s from CS termination to CS onset. To accomplish this,

while avoiding confounding session duration and trial spacing, Condition Moderate received

its CS-preexposure trials in a block at the end of the CS-preexposure sessions, whereas

Condition Massive received its CS-preexposure trials throughout its CS-preexposure

sessions.

Acquisition: On Day 5, all subjects received 3 presentations of X coterminating with the US

in a 45-min conditioning session in Context D. The reinforced trials occurred at 4, 18, and

30 min into the session.

Reacclimation: On Day 6, all subjects were reacclimated in two 30-min sessions in Context

E. In these sessions, subjects had free access to water-filled lick tubes and no nominal

stimuli were programmed to occur. The purpose of these sessions was to reestablish stable

drinking behavior (which might have been differentially disrupted by the footshock US),

thereby providing similar baseline behavior across all groups upon which conditioned lick

suppression could be assessed.

Tests: On Days 7 and 8, all subjects were tested for conditioned lick suppression to the

target cue X in Context E. On each test day, subjects were placed in the test chamber and

time spent drinking was recorded. Immediately after completion of an initial 5 cumulative

seconds of licking in the absence of any nominal stimulus, subjects were presented with CS

X for 10 min. Thus, all subjects were drinking at the time of CS onset. Time to complete an

additional 5 cumulative seconds of licking in the presence of the target cue was recorded and

interpreted as reflecting fear induced in the subject by the CS. The test sessions were 11 min
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in duration with a ceiling score of 10 min to complete 5 cumulative seconds of drinking in

the presence of the target cue. All test scores (i.e., time to complete 5 s of licking prior to CS

onset and time to complete 5 s of drinking in the presence of the CS) were converted to

log10 to better approximate the within-group normal distributions assumed by parametric

statistical tests. Two test days were used because suppression across groups on the first test

day tended to be quite high, potentially allowing a ceiling effect to mask differences

between the groups. Following the convention of our laboratory, all animals that took more

than 60 s to complete their first 5 cumulative seconds of licking (i.e., prior to CS onset)

during the test sessions were scheduled to be eliminated from the study because such long

latencies were considered indicative of unusually great fear of the test context.

Results and discussion

The results of Experiment 1 are depicted in Fig. 1. In this experiment relatively strong fear

expression was expected in all subjects because they were trained in a design that

encouraged the context specificity of the CS-preexposure effect; however, in three of the

four groups we observed some attenuation of fear expression relative to equivalently treated

subjects that received no CS-alone presentations (e.g., McConnell, Wheeler, Urcelay, &

Miller, 2009; Experiment 1; such a group that yielded a mean of 2.0 log s). Subjects in

Group Single/Moderate exhibited numerically the strongest fear across tests, followed by

subjects in Group Single/Massive, Group Multiple/Moderate, and Group Multiple/Massive,

in that order. Importantly, when both behavioral manipulations were administered together

in the Multiple/Massive group, the expression of fear was weaker than when either

manipulation was administered alone. The following statistical analyses support these

conclusions.

One animal from Group Multiple/Moderate and two from Group Single/Massive were

eliminated from the study because they met the elimination criterion of displaying an

unusually great fear of the test context (i.e., they took more than 60 s to complete 5

cumulative seconds of licking prior to CS onset in the first test session). A 2 (Contexts of

preexposure [between subjects]: Single vs. Multiple) × 2 (Number of preexposure trials

[between subjects]: Moderate vs. Massive) × 2 (Tests [within subjects]: 1 vs. 2) analysis of

variance (ANOVA) applied to the pre-CS test data (in log s) showed no significant main

effect nor interaction (all ps > .05), indicating that the experimental groups did not

significantly differ in their baseline fear response. However, the same analysis proved

significant when the CS data (in log s) were examined. This analysis showed a main effect

of Contexts, F(1, 41) = 16.14, p < .01, MSE = 0.15, Cohen’s f = 0.41, indicating that CS

preexposure in multiple context reduced the expression of fear more than to CS preexposure

in a single context. The main effect of Number of preexposure trials was also significant,

F(1, 41) = 12.88, p < .01, Cohen’s f = 0.36, indicating that a massive number of CS-

preexposure trials also reduced the expression of fear relative to a moderate number of CS-

preexposure trials. The interaction between these factors did not prove significant, F(1, 41)

= 0.18, p = .67, suggesting that these effects summated (instead of interacted) to attenuate

fear acquisition. Consistent with the expectation that less conditioned fear would be

observed on Test 2 than Test 1 because of extinction of the CS that occurred on Test 1, the
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main effect of Tests was significant, F(1, 41) = 12.24, p < .01, MSE = 0.15. However, this

factor did not significantly interact with any other factor (smallest p = .22).

Two planned comparisons were then performed. A significant difference was found when

Group Single/Massive was compared with Group Multiple/Massive, F(1, 41) = 9.64, p < .

01, indicating that fear acquisition was attenuated significantly more following massive CS

preexposure in multiple contexts than following massive CS preexposure in a single context.

A significant difference was also found when Group Multiple/Moderate was compared with

Group Multiple/Massive, F(1, 41) = 8.28, p < .01, indicating that fear expression was

attenuated more following massive CS preexposure in multiple contexts than following

moderate CS preexposure in multiple contexts. These tests corroborate the additive effect of

our manipulations in attenuating the context specificity of latent inhibition.

Experiment 2

Experiment 2 was intended to evaluate whether conjoint spacing of the CS-preexposure

trials and CS-preexposure sessions summate in attenuating the context specificity of latent

inhibition, just as conjoint spacing of extinction trials and extinction sessions have shown to

summate in reducing the return of fear (Laborda et al., 2014). A 2 × 2 factorial design was

used with one factor being whether CS-preexposure trials were massed or spaced within

sessions and the other factor being whether CS-preexposure sessions were massed or spaced

(see Table 2 for the experimental design).

Methods

Subjects—The subjects were 48 male (228–381 g) and 48 female (160–240 g),

experimentally naive, Sprague–Dawley descended rats obtained from our own breeding

colony. Subjects were randomly assigned to one of four groups (ns = 12 in each of two

replications; MassTrials/MassSessions, MassTrials/SpacSessions, SpacTrials/MassSessions,

and SpacTrials/SpacSessions), counterbalanced within groups for sex. Housing and

maintenance of subjects was as in Experiment 1.

Apparatus—As in Experiment 1, a 10-s click train served as CS X and a 0.7-mA 0.5-s

footshock served as the US. Twelve each of Chambers R, V, and O served as three distinct

contexts, one for CS-preexposure sessions (Context A), one for acquisition training (Context

B), and one for testing (Context C). Context A was an instance of Chamber R or V

(counterbalanced within groups) with HL on and with no odor cue nor Plexiglas floor.

Context B consisted on an instance of Chamber O with HL off, and a block of wood with

two drops of lemon essence located inside the isolation chest. No Plexiglas floor was used in

Context B. Context C was an instance of Chamber O, different from the one used as Context

B, with HL on and Plexiglas floor in place. No odor cue was used in Context C.

Procedures—The present experiment was conducted in two exact replications.

Acclimation: On Day 1, all subjects were acclimated to Context C in a 30-min session as in

Experiment 1.
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Preexposure: Across Days 2–16, all subjects received a total of 90 CS-preexposure trials in

Context A divided equally across three sessions. Subjects in Condition MassTrials received

30 CS-preexposure trials with an ITI (from CS onset to CS onset) of 16 s in three 8-min

training sessions. Subjects in Condition SpacTrials received 30 CS-preexposure trials with

an ITI of 600 s in three 300-min training sessions. For practical reasons, session duration

and trial spacing needed to be confounded in the present experiment; we address this

confound on the Result and Discussion subsection (3.2). Subjects in Condition

MassSessions received their three CS-preexposure sessions with an intersession interval of

10 min (all on Day 16), while subjects in Condition SpacSessions received their three CS-

preexposure sessions with an intersession interval of 7 days (Days 2, 9, and 16). No lick

tubes were present during these sessions.

Acquisition, reacclimation, and tests: All subjects received acquisition training in Context

B (Day 17) with no lick tube present, reacclimation in Context C (Day 18), and were tested

in Context C (Days 19 and 20), respectively. All procedures were the same as in Experiment

1.

Results and discussion

The results of Experiment 2 are depicted in Fig. 2. As in Experiment 1, in this experiment

relatively strong fear expression was expected in all subjects because they were trained in a

design that encouraged the context specificity of the CS-preexposure effect; however, in

three of the four groups we observed some attenuation of fear responding relative to

equivalently treated subjects that received no CS-alone presentations (e.g., McConnell et al.,

2009; Experiment 1; a group that yielded a mean of 2.0 log s). Subjects in Group

MassTrials/MassSessions exhibited numerically the strongest fear across tests, followed by

subjects in Group SpacTrials/MassSessions, Group MassTrials/SpacSessions, and Group

Spac-Trials/SpacSessions, in that order. Moreover, when both behavioral manipulations

were administered together in the SpacTrials/SpacSessions group, the expression of fear was

weaker than when either manipulation was administered alone. The following statistical

analyses support these conclusions.

Four animals from Group MassTrials/SpacSessions, one from Group MassTrials/

MassSessions, and one from Group SpacTrials/MassSessions were eliminated from the

study because of their displaying an unusually great fear of the test context (i.e., took more

than 60 s to complete 5 cumulative seconds of licking prior to CS onset in the first test

session). As this experiment was conducted in two exact replications, an initial analysis

evaluated whether these replications differed with respect to responding to the target cue. To

evaluate this, a 2 (Trial spacing [between subjects]: MassTrials vs. SpacTrials) × 2 (Session

spacing [between subjects]: MassSessions vs. SpacSessions) × 2 (Replication [between

subjects]: 1 vs. 2) × 2 (Tests [within subjects]: 1 vs. 2) ANOVA on the CS suppression

scores (log s) was performed and found no significant main effect of replication nor

interaction with replication (all ps > .05). Thus, we pooled subjects across replications and

this factor was excluded from further analyses.
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A 2 (Trial spacing [between subjects]: MassTrials v. SpacTrials) × 2 (Session spacing

[between subjects]: MassSessions v. SpacSessions) × 2 (Tests [within subjects]: 1 v. 2)

ANOVA applied to the pre-CS test data (log s) showed no significant main effect nor

interaction (all ps > .05), indicating that the experimental groups did not significantly differ

in their baseline fear response. However, the same analysis proved to be significant when

the CS data (log s) was examined. This analysis showed a main effect of Trial spacing, F(1,

86) = 13.09, p < .01, MSE = 0.09, Cohen’s f = 0.26, indicating that spaced CS-preexposure

trials successfully reduced behavioral control by CS X relative to massed CS-preexposure

trials. The main effect of Session spacing was also significant, F(1, 86) = 21.58, p < .01,

Cohen’s f = 0.34, indicating that spaced CS-preexposure sessions also reduced behavioral

control by CS X relative to massed CS-preexposure sessions. Additionally, the interaction

between these factors did not prove significant, F(1, 86) = 0.48, p = .49, suggesting that

these effects summated (instead of interacted) to attenuate behavioral control by CS X. The

main effect of Tests was also significant, F(1, 86) = 120.51, p < .01, MSE = 0.09. However,

this factor did not significantly interact with any other factor (smallest p = .82), which is

consistent with the general level of responding being significantly lower in Test 2 than Test

1 due to extinction during Test 1, but maintaining the same pattern of results.

Two planned comparisons were then performed. A significant difference was found when

Group MassTrials/SpacSessions was compared with Group SpacTrials/SpacSessions, F(1,

86) = 4.17, p < .05, indicating that fear responding was attenuated more following spaced

CS-preexposure trials than following massed CS-preexposure trials in spaced CS-

preexposure sessions. A significant difference was also found when Group SpacTrials/

MassSessions was compared with Group SpacTrials/SpacSessions, F(1, 86) = 8.20, p < .01,

indicating that fear responding was attenuated more following spaced CS-preexposure

sessions than following massed CS-preexposure sessions given spaced extinction trials. Both

of these tests corroborate the additive effect of our manipulations in attenuating the

expression of fear associations.

As mentioned earlier, for practical reasons session duration and trial spacing were

confounded in the present experiment, which might seem to complicate interpretation of the

trial spacing effect. However, latent inhibition has been found to hinge on associations

between the CS-preexposure context and the CS, and exposure to the CS-preexposure

context alone during long ITIs constitutes context extinction, which has been found to

weaken latent inhibition (Escobar, Arcediano, & Miller, 2002; Graham, Barnet, Gunther, &

Miller, 1994). Hence, if the longer CS-preexposure session duration in the SpacTrials

condition were the critical variable, it should have reduced latent inhibition, whereas we

observed enhanced latent inhibition, consistent with better learning during the latent

inhibition treatment as a result of trial spacing. This conforms with the general observation

that the spacing of training trials enhances the consequences of training (e.g., Barela, 1999;

Urcelay et al., 2009).

General discussion

Fear responding can be thwarted by pre-acquisition exposure to a to-be-conditioned

stimulus. However, just as reduced fear responding after extinction treatment is labile and
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context specific, reduced fear responding after CS preexposure is labile and context shifts

enhance responding to such preexposed cues (e.g., Bailey & Westbrook, 2008; Maes, 2002).

Moreover, latent inhibition is susceptible to enhancement by some experimental

manipulations, which might translate into less context specificity of latent inhibition when

subjects are tested outside the context of CS preexposure. For example, Leung, Killcross,

and Westbrook (2011) have recently reported that additional compound preexposure (i.e., A

and B presented simultaneously) to elementally preexposed cues (i.e., A and B present

separately) enhances the effect of elemental preexposure, decreasing conditioned fear

responding to A more than does additional preexposure to the target cue alone (i.e., A).

Future research should evaluate whether this manipulation is also capable of reducing the

context specificity of latent inhibition.

In the present series of experiments, four manipulations were evaluated in their effectiveness

in reducing the context specificity of latent inhibition. In Experiment 1, all subjects were

given CS-preexposure trials followed by Pavlovian fear conditioning in a situation in which

strong fear responding was expected due to testing occurring outside the context of

preexposure (i.e., in a neutral but familiar context). However, three of the groups were

expected to show reduced fear responding relative to Group Single/Moderate because they

received massive preexposure trials (Group Single/Massive), preexposure in multiple

contexts (Group Multiple/Moderate), or both of these manipulations concurrently (Group

Multiple/Massive). Just as these manipulations were effective in attenuating the return of

fear following extinction (e.g., Laborda & Miller, 2013), these manipulations were effective

in attenuating the context specificity of latent inhibition, thereby replicating Wheeler et al.’s

(2003) results and furthermore demonstrating that extensive CS-preexposure and CS-

preexposure in multiple context summate to reduce the context specificity of latent

inhibition. Importantly, our results are novel in demonstrating that extensive preexposure

treatment in multiple contexts is more effective in thwarting fear responding than either

manipulation alone (i.e., giving additional preexposure trials or giving preexposure in

multiple contexts).

In Experiment 2, all subjects were also given CS-preexposure trials followed by Pavlovian

fear conditioning in a situation in which strong fear responding was expected again due to

testing occurring outside of the context of latent inhibition treatment. However, three of the

groups were expected to show reduced fear responding relative to Group MassTrials/

MassSessions because they received spaced CS-preexposure sessions (Group MassTrials/

SpacSessions), spaced CS-preexposure trials (Group SpacTrials/MassSessions), or both

manipulations concurrently (Group Spac-Trials/SpacSessions). Just as these manipulations

were effective in attenuating the return of fear following extinction (e.g., Laborda et al.,

2014), these manipulations were effective in attenuating the context specificity of latent

inhibition. Critically, our results suggest that conjoint spacing of CS-preexposure trials and

spacing of CS-preexposure sessions is more effective in thwarting fear responding than

either manipulation alone. Summation of these two effects was expected but not certain, as

spacing trials or spacing sessions could have had asymptotic effects, not leaving room for

evidencing the effects of a second manipulation.
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Extensive (i.e., massive) CS-preexposure treatment and the spacing of CS-preexposure trials

might be considered manipulations that fortify what is learned during nonreinforcement,

whereas CS-preexposure treatment in multiple physical contexts and spacing the CS-

preexposure sessions might arguably be considered manipulations that increase the presence

of facilitatory cues from nonreinforcement at testing (Laborda & Miller, 2012; Miller &

Laborda, 2011). Using multiple physical contexts during CS preexposure likely increases the

number of potential features of the contexts of nonreinforcement that may be present if

testing occurs in a new context. Moreover, CS preexposure delivered in spaced sessions may

work in a similar way. Long intervals between preexposure sessions may create different

temporal contexts (e.g., Bouton, 2010), making this technique effectively preexposure

treatment in multiple temporal contexts, which should encourage generalization of the latent

inhibition learning to new temporal contexts. It is noteworthy that although trial spacing and

session spacing superficially sound similar, the fact that added time between trials is time

spent in the treatment context but added time between sessions is time spent in the home

cage suggests the existence of different mechanisms underlying the effect of these two

manipulations (Laborda & Miller, 2012; Miller & Laborda, 2011).

Evaluating manipulations that potentially enhance what is learned during CS preexposure

can be of interest for researchers interested in developing effective interventions to prevent

or at least attenuate the acquisition of anxiety disorders. Craske and Zucker (2002) recently

presented such a model for intervention. For them, a successful approach to prevention

would include a careful analysis of risk factors for anxiety disorders, in order to target

appropriate populations and potential cues that might come to elicit anxiety (e.g., battle

stimuli for soldiers). Craske and Zucker acknowledge the importance of cue preexposure in

preventing fear associations with examples including vicarious (e.g., parent modeling

nonfearful reactions to a target event) and direct cue preexposure (see also Mineka &

Zinbarg, 1996). Along the same lines, Weinstein (1990) suggested that, among other

interventions for preventing the development of childhood anxiety to dental procedures,

children should receive non-traumatic exposure to the treatment situation prior to invasive

interventions. Considering the results presented here, this manipulation should be more

effective if many spaced exposure events occur in spaced exposure sessions in multiple

contexts; however, this is a recommendation that still needs empirical testing.

Future research should evaluate how to best translate the results reported here to applied

situations. Extensive CS preexposure in multiple contexts and conjoint spacing of CS-

preexposure trials and spacing of CS-preexposure sessions have the potential to decrease

fear responding in humans, but the implementation of such interventions in applied settings

has yet to be assessed.
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Fig. 1.
Results of Experiment 1. Mean log10 time to complete 5 cumulative seconds of licking in

the presence of the preexposed CS X pooled across two tests (Days 7 and 8). Single =

condition that received CS-preexposure trials in a single context (A); Multiple = condition

that received CS-preexposure trials in three different contexts (A, B, and C); Moderate =

condition that received a moderate number of CS-preexposure trials (90); Massive =

condition that received a massive number of CS-preexposure trials (450). 0.7 log s

represents the minimum possible time to complete 5 cumulative second of licking. Brackets

represent the standard error of the means. Higher scores indicate more conditioned fear. See

text and Table 1 for further details.
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Fig. 2.
Results of Experiment 2. Mean log10 time to complete 5 cumulative seconds of licking in

the presence of the preexposed CS X pooled across two tests (Days 7 and 8). MassTrials =

condition that received CS-preexposure trials with short intertrial intervals (6 s); SpacTrials

= condition that received CS-preexposure trials with long intertrial intervals (600 s);

MassSess = condition that received CS-preexposure trials with short intersession intervals

(10 min); SpacSess = condition that received CS-preexposure trials with long intersession

intervals (7 days). 0.7 log s represents the minimum possible time to complete 5 cumulative

second of licking. Brackets represent the standard error of the means. Higher scores indicate

more conditioned fear. See text and Table 2 for further details.
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Table 2

Design summary of Experiment 2.

Groups Preexposure Acquisition Test

MassTrials/MassSessions 90 X− (A) 3 X+ (B) X (C)

6-s intertrial intervals

10-min intersession intervals

MassTrials/SpacSessions 90 X− (A) 3 X+ (B) X (C)

6-s intertrial intervals

7-d intersession intervals

SpacTrials/MassSessions 90 X− (A) 3 X+ (B) X (C)

600-s intertrial intervals

10-min intersession intervals

SpacTrials/SpacSessions 90 X− (A) 3 X+ (B) X (C)

600-s intertrial intervals

7-d intersession intervals

Note: X was a 10-s click train. “+” denotes reinforcement with a mild footshock. “−” denotes no reinforcement. Letters in parenthesis indicate
contexts. Numbers preceding letters indicate number of trials in that phase.
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