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Abstract Prior exposure to a conditioned stimulus (CS) typ-
ically results in latent inhibition—slower acquisition of asso-
ciative learning about that stimulus in subsequent training.
Here, we found that CS preexposure had different effects on
the appetitive conditioning of rats with a sucrose uncondi-
tioned stimulus (US) depending on training test procedures,
the similarity of preexposure and training procedures, and the
choice of response measure. Preexposure to a visual or an
auditory stimulus produced facilitation of acquisition of
food-cup-directed responding when both of those cues were
(separately) paired with sucrose delivery in the training test
(Experiments 1 and 3). By contrast, the same preexposure
procedure resulted in latent inhibition of food-cup learning if
the second stimulus in the test phase was of the same modality
as the preexposed stimulus (Experiment 2). In Experiment 3,
latent inhibition was enhanced if both phases included a single
CS or both phases included both auditory and visual CSs,
compared to treatments in which only one CS was presented
in one phase but two CSs were presented in the other phase. In
Experiment 4, preexposure of an auditory cue slowed subse-
quent learning about it if the context was salient but enhanced
learning if the context was of weaker salience. Finally, a mea-
sure of general activity revealed latent inhibition after
preexposure in all conditions in all 4 experiments. We discuss
the results within several classes of latent inhibition theories,
none of which provides a comprehensive account.
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Prior exposure to a conditioned stimulus (CS) often results in
slowed acquisition of associative learning about that stimulus
in a training test phase, a phenomenon that has come to be
termed latent inhibition (e.g., Lubow & Moore, 1959).
Because the manipulation is so simple, the effects often appear
to be quite substantial, and the phenomenon is observed across
a range of conditioning preparations, latent inhibition has
played important roles in the construction of learning theories,
the exploration of brain correlates of learning, and many trans-
lational research efforts, which have identified deficits in la-
tent inhibition in a variety of cognitive deficits and psychiatric
disorders (e.g., Lubow & Gewirtz, 1995; Lubow & Weiner,
2010). At the same time, known limitations of the phenome-
non have also played important roles in these same endeavors.
For example, the observation that latent inhibition is frequent-
ly context dependent (i.e., reduced in magnitude if the
preexposure and training test phases occur in different exper-
imental contexts; e.g., Channell & Hall, 1983; Hall & Honey,
1989; Lovibond, Preston, & Mackintosh, 1984) has
constrained theories, influenced the search for brain correlates,
and shaped translational accounts (Lubow & Weiner, 2010).
Similarly, there have been reports of boundaries to latent in-
hibition. For example, Rodríguez and Alonso (2004) found
that the use of high magnitude unconditioned stimuli (USs)
reduced the size of latent inhibition effects, and Boughner and
Pepini (2003) found that preexposure to a localizable visual
CS slowed the subsequent acquisition of sign-tracking
(approach) responses to that cue, but did not slow acquisition
of goal-tracking (food-cup entry) responses. Finally, some as-
pects of associative learning have been reported to be facili-
tated by stimulus preexposure. For example, Bonardi, Brilot,
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and Jenkins (2016) found that although CS preexposure
slowed the rate of learning in a subsequent training test, it
enhanced the temporal control of behavior in that test.
Likewise, some investigators have found facilitation of subse-
quent discrimination learning after preexposure to the discrim-
inative stimuli (e.g., Gibson & Walk, 1956; McLaren, Kaye,
& Mackintosh, 1990), a phenomenon often termed “percep-
tual learning” (although that term usually refers to a much
broader range of changes in perception with experience; e.g.,
Kellman & Massey, 2013).

Here, we describe cases in which the same preexposure
procedure produced impaired, facilitated, or unaffected subse-
quent learning, depending on the training test procedure, the
choice of conditioned response measure, and the selection of a
temporal window in which to evaluate conditioned
responding. The experiments were initially derived from a
procedure developed to more efficiently study the effects of
selective brain lesions on reductions on stimulus associability
(i.e., the ability of a cue to enter into associative learning). In
those experiments, rats were given nonreinforced
preexposures to one of two visual stimuli, and then received
a training test in which both visual CSs were separately paired
with a food US. Our reasoning was that the ability to assess
preexposure effects within subjects, by comparing the rate of
acquisition to the novel and preexposed CSs, would both in-
crease the sensitivity of the index of latent inhibition (hence,
reducing the number of rats needed to demonstrate lesion
effects) and provide a measure of latent inhibition magnitude
in each individual subject. Indeed, the procedure proved use-
ful for confidently demonstrating the effects of some lesions
(e.g., of the hippocampus and its cholinergic innervation;
Baxter, Holland, & Gallagher, 1997; Han, Gallagher, &
Holland, 1995) and the lack of effects of others (e.g., of the
amygdala, Holland & Gallagher, 1993; and substantia
innominata, Chiba, Bucci, Holland, & Gallagher, 1995).

In Experiment 1, we preexposed either a visual or an audi-
tory stimulus and subsequently assessed acquisition of condi-
tioned responding to both stimuli, when they were separately
paired with a sucrose US. Unlike in our prior experiments that
used two visual cues, with our primary response measure we
found that learning about the preexposed CS was facilitated
relative to learning about the novel CS. In Experiment 2, we
again preexposed either the visual or auditory stimulus, but
this time subsequently assessed acquisition of conditioned
responding in a training test in which the preexposed CS and
another CS of the same modality were separately paired with
the sucrose US. In that experiment, we found substantial latent
inhibition. In Experiment 3, we examined the effects of
preexposing either an auditory stimulus alone or both an au-
ditory and a visual stimulus on subsequent learning in a train-
ing test that included either the auditory stimulus alone or both
the auditory and visual CSs. We found that latent inhibition
was larger when the conditions of preexposure and test

training were similar, and we found facilitation when, as in
Experiment 1, only the auditory stimulus was preexposed but
both CSs were trained in the test phase. Finally, in Experiment
4, we examined the effects of context salience in a standard
latent inhibition procedure in which rats received preexposure
and a training test with a single cue.We found latent inhibition
when the context was salient and facilitation when it was of
low salience. In many cases, the conclusions about
preexposure effects depended on the choice of response mea-
sure and whether responding was viewed early or late in the
CS–US interval.

General methods

Subjects

The subjects in these experiments were experimentally naïve
Long-Evans or Charles River CD strain rats obtained from
Charles River Laboratories (Raleigh, NC), weighing between
300 and 325 grams when they arrived in the laboratory vivar-
ium. The rats were housed individually and given a 1-week
acclimatization period to adjust to their new surroundings and
to being handled by the experimenter on a daily basis. During
this period, the rats had free access to food and water.
Thereafter, their access to food was restricted to maintain
85% of their ad libitum weights. The vivarium was illuminat-
ed from 7 a.m. to 7 p.m. Some experiments and replications
were conducted at Duke University and some at Johns
Hopkins University. The care and experimental treatment of
the rats was conducted according to the National Institutes of
Health’s Guide for the Care and Use of Laboratory Animals,
and was approved by Institutional Animal Care and Use
Committees at each of those universities.

Apparatus

The behavioral training apparatus consisted of eight individu-
al chambers (22.9 cm × 20.3 cm × 20.3 cm) with aluminum
front and back walls, clear acrylic sides and top, and a floor
made of 0.48 cm stainless steel rods spaced 1.9 cm apart. A
dimly illuminated food cup was recessed in the center of one
end wall. A 6-W jeweled panel light, which served as the
source of one visual CS, was located 5 cm above the opening
to the food-cup recess. An infrared photocell placed inside the
food cup was used to register food-cup entries and the amount
of time spent in the cup. Liquid sucrose could be delivered to
the food cup by activating a solenoid valve mounted on the
chamber’s outside wall, above the food cup. Activation of the
valve produced a loud click. An infrared activity monitor
(Model H24-61, Coulborn Instruments, Allentown, PA) was
mounted on the top of each chamber. Each chamber was
enclosed in a sound-attenuating shell, in which ventilation
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fans provided masking noise (72 dB). A speaker, used to pres-
ent auditory CSs, which included a 78-dB 1500-Hz tone, a 74-
db 300-Hz intermittent (3 Hz) tone, and a 78-dB white noise,
was mounted on the inside wall of the shell, 5 cm above and
20 cm to the left of the panel light. A second 6-W lamp, which
was the source of a second visual CS, was mounted just to the
left of the speaker. The same apparatus was used in all exper-
iments and replications.

Behavioral training procedures

All experiments began with an initial preexposure phase in
which rats received nonreinforced cue presentations or place-
ment in the experimental chambers in the absence of explicit
cue presentations. Next, rats were trained to enter the liquid
cup and consume the liquid sucrose US. Finally, rats received
pairings of one or more CSs with the sucrose US.

Response measures and data analysis

The critical data of these experiments were those from the CS–
US training phase of each study. We reported three automated
measures of conditioning to the various CSs, including the
time spent in the food cup, expressed as a percentage of cue
sample duration, the rate of food-cup entries, and the rate of
activity counts. Because previous studies (Holland, 1977,
1980) showed that these measures can be distributed differ-
ently across time, we reported them separately for three sam-
pling intervals: the first half of each 10-s CS, the last half of
each 10-s CS, and the 5-s (pre-CS) period immediately prior to
each CS presentation.

Separate mixed analyses of variance (ANOVAs) were con-
ducted for each sample interval, for each measure. Between-
subject variables included whether a cue was preexposed or
not, the identity of the preexposed cue (or cues), and (in some
cases) replication and/or sex of the subject. Within-subjects
variables included session, and in some cases, type of trial
within each session. In some experiments, the effects of CS
preexposure were assessed between-subjects, and in others it
was assessed both between-subjects and within-subjects.
Planned contrasts that evaluated specific hypotheses are de-
scribed in each experiment. Preliminary ANOVAs that includ-
ed replication and/or sex as between-subjects variables
showed no significant effects or interactions involving those
variables, so they are not included in the analyses we reported.
Effect sizes are given as partial eta squared (η2), and the level
of significance adopted was p < .05.

Experiment 1

In Experiment 1, rats received preexposure to either a visual
(V) or an auditory (A) stimulus, prior to reinforced training

with both of those CSs. Because we anticipated little or no
generalization of learning established in either the
preexposure or training test phases between the auditory and
visual CS, we expected this procedure to yield especially large
latent inhibition effects compared to our prior studies, in
which the magnitude of the within-subjects latent inhibition
effect might be reduced by generalization between the two
intramodal cues. Unexpectedly, we found that although stim-
ulus preexposure reduced general activity in response to those
cues after their pairing with food, it facilitated acquisition of a
measure of food-cup entry.

Method

TwentymaleLong-Evans rats served as subjects, 16 atDuke and
fouratJohnsHopkins.Table1showsanoutlineof theprocedures
of Experiment 1. The rats first received 10 daily 64-min
preexposure sessions, each ofwhich included eight 10-s presen-
tations of either a 1500-Hz toneCS (GroupA) or illumination of
the panel light CS (Group V), with random intertrial intervals
(ITIs; mean = 4min, range: 2–8min). In each replication, equal
numbers of ratswere preexposed to each stimulus. Next, the rats
were trained to enter the food cups and consume the reinforcer
thatwasusedthroughout thisandall subsequentexperiments, the
delivery of 0.3ml of 0.2M liquid sucrose. In each of two64-min
sessions, 16 sucrose deliveriesweremade at random times,with
a mean ITI of 4 min, within a range of 2–8 min. Finally, all rats
received a training test with pairings of both the auditory and
visualCSs. Ineachof five64-minsessions, each rat receivedfour
pairings of each of the panel light and tone CSs with delivery of
the sucrose US, randomly intermixed.

Results

Figure 1 shows activity counts over the course of the
preexposure phase in Experiment 1. Activity levels declined
over sessions for all three sampling intervals, main effects of
sessions, Fs(9, 162) > 4.57, ps < .001, η2s > .202. Pre-CS
activity did not differ between Groups A and V, (main effect
of group F < 1, p = .403), but activity during the visual CS was
higher than that during the auditory CS in both the first, F(1,
18) = 6.54, p = .020, η2 = .267, and the last F(1, 18) = 31.85, p
< .001, η2 = .639, halves of the 10-s CS presentations. None of
the Group × Sessions interactions was significant (Fs < 1.04,
ps > .414).

Figure 2 shows the effects of CS preexposure on condition-
ing in the training test of Experiment 1. These effects differed
depending on the measure and sampling interval. Consider
first the time in food-cup measure (Fig. 2a–c), the measure
we have reported most often in past studies. Previous studies
have shown that the time spent in the food cup increases as the
time of US delivery approaches (Holland, 1977, 1980), and
that the proportion of time spent in the food cup during the last
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5 s of 10-s CSs provides the most consistent measure of
conditioning.

Figure 2c shows food-cup time during the last half of the
10-s CS–US interval. Conditioning to both the visual (dotted
lines) and auditory (solid lines) CSs was more rapid in rats that
received preexposure (open symbols) of those cues than in
those rats that did not (filled symbols). That is, preexposure
of a cue facilitated acquisition of food cup responding to it. A
Group (Avs. V) × Test Cue (preexposed vs. nonpreexposed) ×
Sessions ANOVA showed significant effects of sessions, F(4,
72) = 20.01, p < .001, η2 = .526, and of cue, F(1, 18) = 34.71,
p < .001, η2 = .659, reflecting more conditioning to
preexposed than to nonpreexposed cues. Planned individual
between-subjects contrasts showed significantly (p = .012)
more responding to the auditory cue in Group A (in which it
was preexposed) than in Group V (in which it was not), and
significantly (p = .042) more responding to the visual CS in
Group V (in which it was preexposed) than in Group A.
Furthermore, it is worth noting that the main effect of cue
and each of the between-subjects facilitation effects were also
significant within the first replication alone, and all four rats in
the second replication showed more test responding to the
preexposed than to the nonpreexposed cue. (The intent of
the replication was not to add observations to an otherwise
insignificant effect, but instead to determine if the original
effect was still obtainable at a new site, where additional re-
search was to be conducted.)

Returning to the primary Group × Cue × Sessions
ANOVA, the Group × Cue interaction was also significant,
F(1, 18) = 30.31, p < .001, η2 = .627. This interaction indicat-
ed greater responding to the auditory CS than to the visual CS,
regardless of preexposure treatment; that is, in Group A,
responding was greater to the preexposed (auditory) CS,
whereas in Group V, responding was greater to the
nonpreexposed (auditory) CS. Because the rats acquired more
responding to the auditory CS than to the visual CS, assess-
ment of preexposure effects within each group is difficult.
Although Group A showed significantly more rapid

conditioning to the preexposed auditory cue than to the visual
cue (p < .001) that difference could reflect a facilitatory effect
of preexposure or simply more rapid conditioning to the au-
ditory cue. Similarly, although conditioning to the auditory
and visual cues did not differ within Group V (p = .788), the
overall more rapid conditioning of auditory cues may have
concealed a preexposure facilitation effect for the visual cue,
as suggested by the between-groups comparison.

Figure 2b shows food-cup time during the first half of the
CS interval. As with last half food-cup time, ANOVA showed a
significant effect of cue, F(1, 18) = 15.03, p = .001, η2 = .455,
favoring the preexposed cue, as well as a significant Group ×
Cue interaction, F(1, 18) = 35.27, p < .001, η2 = .662, and a
significant effect of sessions, F(4, 72) = 8.82, p < .001, η2 =
.329. However, although a between-subject contrast showed a
preexposure facilitation effect for the auditory CS, that is, sig-
nificantly (p = .026) more conditioning to the auditory cue
(solid lines) in Group A than in Group V, a similar contrast
showed no significant (p = .171) difference in responding to
the visual cue (dotted lines) between groups. As with last half
time, the within-subject comparison suggested a significant
preexposure facilitation in Group A (p< .001), but rats in
Group V showed no such difference (p = .162). Finally,
ANOVA of food-cup times in the pre-CS periods (Fig. 2a)
showed no significant effects or interactions (ps > .156).

Figure 2d–f show the rates of food-cup entry during the
training test of Experiment 1. This measure showed only
slight evidence for preexposure facilitation. Figure 2f shows
entry rates during the last half of the CS intervals. Unlike with
food-cup time, the main effect of cue was not significant, F(1,
18) = 3.33, p = .085, η2= .156, although the Cue × Group
interaction, suggesting a superiority of the auditory cue inde-
pendent of preexposure, was significant, F(1, 18) = 15.027, p
= .001, η2 = .455, as was the effect of sessions, F(4, 72) =
38.11, p < .001, η2 = .679. Individual contrasts showed a
marginally significant between-subjects preexposure facilita-
tion effect for the visual (p = .063) cue, but no such effect for
the auditory cue (p = .720). Figure 2e shows food cup entry

Fig. 1 Mean (± SEM) activity responding in the preexposure phase of
Experiment 1. Rats in Group V received preexposure presentations of a
visual stimulus, and rats in Group A received presentations of an auditory

stimulus. Panels a, b, and c show responding during the 5 s prior to
stimulus presentations, the first 5 s of the stimulus, and the last 5 s of
the stimulus, respectively

Learn Behav (2018) 46:134–156 137



rates during the first half of the CS intervals. As with the last
half data, the main effect of cue was not significant (F < 1, p =
.809), nor were the individual between-groups contrasts for
conditioning of the auditory (p = .168) or visual (p = .122)
cues. Similarly, the Cue × Group interaction, indicating over-
all superiority of the auditory CS, F(1, 18) = 65.56, p < .001,
η2 = .785, and the main effect of sessions, F(4, 72) = 17.33, p
< .001, η2 = .491, were both significant. Finally, ANOVA of
pre-CS food cup entry rates (Fig. 2d) revealed no significant
main effects or interactions (ps > .293) except for a marginally
significant effect of sessions, F(4, 72) = 2.37, p = .060, η2 =
.116.

Figure 2g–i show activity counts during the training test of
Experiment 1. This measure typically reflects conditioned
orienting to the CS and/or approach to the food cup, and tends
to occur at the highest rate, but with the least variance, during
the initial portions of the CS–US interval. Unlike the food-cup
measures, activity showed unequivocal evidence for latent
inhibition. For each of the first (Fig. 2h) and last (Fig. 2i)
halves of the CS interval, the main effect of cue was signifi-
cant, Fs(1, 8) > 18.70, ps < .001, η2s > .509, and individual
between-group comparisons for both the auditory and visual
CSs showed significantly greater responding to the non-
preexposed CS than to the preexposed CS (ps < .025).

Fig. 2 Mean (± SEM) responding during the reinforced training test
phase of Experiment 1. Points labeled A-/A+ (P) refer to responding to
the preexposed auditory stimulus in Group A; A-/V+ (N) to the
nonpreexposed visual stimulus in Group A; V-/V+ (P) to the
preexposed visual stimulus in Group V; and V-/A+ (N) to the
nonpreexposed auditory stimulus in Group A. Circles refer to
responding in Group A, triangles to responding in Group V, open
symbols to responding to the preexposed stimulus, filled symbols to

responding to the nonpreexposed stimulus, solid lines to responding to
the auditory stimulus, and dotted lines to responding to the visual
stimulus. Panels a–c show percentage time in the food cup, panels d–f
show food cup entry rates, and panels g–i show activity counts. Panels a,
d, and g show responding in the 5 s prior to stimulus presentations, panels
b, e, and h show responding during the first 5 s of each stimulus, and
panels c, f, and i show responding during the last 5 s of each stimulus
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Furthermore, even the within-subjects comparisons in both
Group A (ps < .003) and Group V (ps < .023) showed signif-
icantly more responding to the nonpreexposed cue. Notably,
these comparisons were feasible because unlike with the food
cup measures, there was no evidence for overall superiority of
the auditory cue in conditioning of activity responding, Fs(1,
18) < 1.15, ps > .298); recall that the levels of unconditioned
activity were higher for the visual CS in the preexposure
phase. The effect of sessions was significant in both halves
of the CS interval, Fs (4, 72) > 11.98, ps < .001, η2s > .399,
but did not reflect a simple monotonic learning function (see
Discussion). Finally, ANOVA of pre-CS activity (Fig. 2g)
showed only a significant main effect of sessions, F(4, 72) =
3.32, p = .015, η2 = .156, and a significant Group × Cue ×
Sessions interaction, F(4, 72) = 4.19, p = .004, η2 = .189,
neither of which appeared systematic.

Discussion

In this experiment, we examined the effects of preexposing
either a visual or an auditory stimulus on subsequent condi-
tioning to both of those cues in a training test. With the mea-
sure of conditioning most commonly reported in my labora-
tory, the time spent in the food cup during cue presentations,
preexposure to either stimulus facilitated acquisition of condi-
tioned responding to that stimulus in the training test, com-
pared to the learning performance of rats that had been
preexposed to the other cue. By contrast, with another mea-
sure of food-based conditioning reported by many investiga-
tors, the rate of food-cup entry, the effects of preexposure were
equivocal, with slowed learning (latent inhibition) visible for
the visual cue in the first half of the CS–US interval and
facilitation apparent for the auditory cue in the last half.
Finally, the general activity response was consistently more
prevalent to the nonpreexposed cue than to the preexposed
cue, indicative of latent inhibition.

It is important to note that, as in most investigations of
preexposure effects, we did not provide controls for the oc-
currence of learning (cf. Boughner & Papini, 2003). That is,
although we compared learning to preexposed and
nonpreexposed cues, we did not examine the effects of
preexposure on responding that was not attributable to new
learning. In the case of the two food-cup measures, it is un-
likely that this lack of learning controls poses an interpretative
problem: Those measures showed clear acquisition effects,
occurred at considerably higher than baseline levels, and are
unlikely to occur in the absence of learning about food deliv-
ery. However, the activity measure poses potential interpreta-
tive problems. First, activity during the novel CSs did not
show consistent acquisition functions. Instead, activity to both
novel cues started at high levels and was maintained at those
levels throughout conditioning. Previous experiments suggest
that this pattern of maintenance of unconditioned activity to a

cue after pairings with food is not unusual and reflects sensi-
tivity to the CS–US relation, despite the lack of an acquisition
function (e.g., Groshek et al., 2005; see Rescorla, 1988).
Notably, in the absence of CS–US pairings, activity to the
CSs would decline to levels comparable to those observed at
the end of the preexposure phase. Nevertheless, for the most
part, the lower levels of responding to the preexposed cues in
testing reflected a lower starting point, likely due to the habit-
uation of unconditioned cue-elicited activity in the
preexposure phase. Thus, the “latent inhibition” effect ob-
served with the activity measure might better be described as
the result of habituation of unconditioned orienting responses
(ORs) and other responses to the CSs prior to conditioning.
We considered this possibility in more depth in the General
Discussion.

Experiment 2

The results of Experiment 1 are surprising, given our previous
use of a very similar procedure to produce latent inhibition
effects. Baxter et al., (1997), Chiba et al., (1995), Han et al.,
(1995), and Holland and Gallagher (1993) preexposed the
same panel light cue and then administered a training test in
which both that cue and another visual cue were separately
paired with food. Except in brain-damaged rats, in those ex-
periments we uniformly found slowed acquisition of food-
cup-directed behaviors to the preexposed cue, suggesting that
something about adding an auditory cue rather than another
visual cue to the training test encouraged facilitation rather
than latent inhibition. In Experiment 2, we examined the ef-
fects of preexposure of visual or auditory CSs on conditioning
when the two CSs trained in the test phase were within the
same modality. In Experiment 2a, we examined the effects of
preexposing either the panel light or house light cues prior to a
reinforced training test with both of those cues, and in
Experiment 2b, we examined the effects of preexposing either
the 1500-Hz tone used in Experiment 1 or a 400-Hz tone prior
to a reinforced training test that included both of them.

Method

The subjects were Long-Evans male rats, 20 in Experiment 2a
(in two replications) and 16 in Experiment 2b. All replications
were conducted at Duke University. The apparatus was the
same as that used in Experiment 1.

Table 1 shows an outline of the procedures of Experiment
2. The rats first received ten 64-min preexposure sessions,
each of which included eight nonreinforced 10-s presentations
of either the panel light CS used in Experiment 1 or a 10-s
intermittent (3 Hz) house light (Experiment 2a) or of either the
1500-Hz tone used in Experiment 1 or an intermittent (3 Hz)
400-Hz tone (Experiment 2b). Next, the rats received food-cup
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training as in Experiment 1, followed by five 64-min training
test sessions that included either four reinforced panel-light CSs
and four reinforced house-light CSs (Experiment 2a), or four
reinforced 1500-Hz tone CSs and four reinforced 400-Hz tone
CSs (Experiment 2b), randomly intermixed.

Experiment 2a results

In the preexposure phase, activity during both CS periods and
the pre-CS period declined over sessions, Fs (9, 162) > 11.24,
ps < .001, η2s > .384. On the final session, activity counts/min
were 8.0 ± .5, 10.7 ± .8, and 11.4 ± .7, in the pre-CS, first, and
last half periods of the visual cues. The identity of the visual

cue had no significant effects or interactions (Fs < 1, ps >
.233).

Figure 3 shows the results of the training test in Experiment
2a. Latent inhibition was observed for all measures. Unlike in
Experiment 1, Preexposure Cue Identity (house light vs. panel
light; akin to the group variable in Experiment 1) × Test Cue
(preexposed vs. nonpreexposed) × Sessions ANOVAs showed
no significant effects of preexposure cue identity or interac-
tions involving that variable (ps > .232). Figure 3c shows time
in the food cup in the last half of the CS intervals.
Conditioning was greater to the nonpreexposed cue; the main
effect of cue, F(1, 18) = 30.19, p < .001, η2 = .626, was
significant, as was the effect of sessions, F(4, 72) = 50.59, p

Fig. 3 Mean (± SEM) responding during the training test phase of
Experiment 2a. Points labeled Pre-exp refer to responding to the
preexposed visual cue, and those labeled Novel refer to responding to
the other visual stimulus, which was presented for the first time in the
training test. Panels a–c show percentage time in the food cup, panels d–f

show food cup entry rates, and panels g–i show activity counts. Panels a,
d, and g show responding in the 5 s prior to stimulus presentations, panels
b, e, and h show responding during the first 5 s of each stimulus, and
panels c, f, and i show responding during the last 5 s of each stimulus
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< .001, η2 = .738, and the Cue × Sessions interaction, F(4, 12)
= 14.66, p < .001, η2 = .449. Furthermore, the within-subjects
comparisons were significant for both rats preexposed to the
house light and those preexposed to the panel light (ps < .003),
as were the between-subjects comparisons of responding to
each of those cues (ps < .045). Figure 3b shows time in the
food cup during the first half of the CS intervals; again, latent
inhibition was observed, although the effect was considerably
smaller. The main effect of cue was significant, F(1, 18) =
7.86, p = .012, η2 = .304, as was the effect of sessions, F(4,
72) = 3.17, p = .019, η2 = .150. The within-subjects latent
inhibition effect was significant when the panel light had been
preexposed (p = .021) but not when the house light was
preexposed (p = .282); however, a between-subjects compar-
ison showed more responding to the house light when it was
novel than when it was preexposed (p = .011). Finally,
ANOVA showed no significant effects or interactions for
food-cup times during the pre-CS (Fig. 3a) intervals (ps >
.187).

Figure 3d–f show the rates of food-cup entries in the train-
ing test of Experiment 2a. As with time in the food cup, sub-
stantial latent inhibition was observed during the second half
of the CS interval, and lesser amounts in the first half. For the
second half (Fig. 3f), ANOVA showed significant effects of
cue, F(1, 18) = 14.57, p = .001, η2 = .447, and sessions F(4,
72) = 15.17, p < .001, η2 = .457, and a significant Cue ×
Sessions interaction, F(4, 72) = 11.36, p < .001, η2 = .387.
Contrasts of within-subjects latent inhibition for each cue
counterbalancing condition were significant (ps < .050), as
was the between-subjects comparison of responding to the
panel light (p = .028). For the first half of the CS (Fig. 3e),
the effects of cue, F(1, 18) = 7.21, p = .015, η2 = .286, and
sessions, F(4, 72) = 8.53, p < .001, η2 = .322, were significant,
but only the within-subjects comparison of responding to the
preexposed panel light and nonpreexposed house light was
significant (p = .014). Finally, ANOVA of pre-CS food-cup
entry rates (Fig. 3d) showed no significant effects or interac-
tions (ps > .079).

Figure 3g–i show activity responding in the training test
of Experiment 2a. Latent inhibition was evident in both CS
periods. For responding in the first half of the cues (Fig.
3h), ANOVA showed significant effects of cue, F(1, 8) =
16.80, p < .001, η2 = .483, and sessions, F(4, 72) = 2.78, p
= .033, η2 = .134, and both within-subjects contrasts of
latent inhibition were significant (ps < .026). In the last
half of the CS period (Fig. 3i), only the main effect of
cue, F(1, 18) = 9.07, p = .007, η2 = .335, was significant.
The rats that were preexposed to the panel light showed
significant (p = .030) latent inhibition within subjects, but
that effect was of only marginal significance in the rats that
received preexposure of the house light (p = .072). Finally,
ANOVA of pre-CS activity (Fig. 3g) showed no significant
main effects or interactions (ps > .165).

Experiment 2b results

Activity responding decreased over the course of the
preexposure phase, although that decrease was significant on-
ly in the pre-CS period, (F(7, 98) = 2.71, p = .013, η2 = .162;
other ps > .131. On the final session, activity counts/min were
34.7 ± 4.5, 36.6 ± 3.6, and 34.6 ± 4.6 in the pre-CS interval,
and the first and last halves of the auditory CSs, respectively.

Figure 4 shows conditioning to the auditory CSs in the
training test of Experiment 2b. For the time in food-cup mea-
sure, latent inhibition was substantial in both CS periods (Fig.
4b–c). ANOVAs showed significant effects of cue,Fs(1, 14) <
30.27, ps < .001, η2s > .683, and sessions, Fs(4, 56) > 8.65, ps
< .001, η2s > .381, and within-subjects contrasts of the latent
inhibition effect were significant for each preexposure condi-
tion (ps < .006). ANOVA of pre-CS time in the food cup (Fig.
4a) showed only a significant effect of sessions, F(4, 56) =
3.40, p = .015, η2 = .195.

There was only minimal evidence for latent inhibition with
the food-cup entry-rate measure. For both first and last halves
of the CS interval (Fig. 4e–f), ANOVAs showed insignificant
effects of cue, Fs(1, 14) < 1.39, ps > .257, η2s < .090. In both
cases, the effect of sessions, Fs(4, 56) > 21.86, ps < .001, η2s
>.609, and the Cue × Sessions interaction were significant,
Fs(4, 56) > 2.78, ps < .035, η2s > .166, suggesting a slight
latent inhibition effect in the initial sessions. Indeed, for both
time intervals, contrasts of the (decreasing) linear trend in the
difference between entry rates to the nonpreexposed and
preexposed cues were significant (ps < .002). ANOVA of
pre-CS food-cup entry rates (Fig. 4d) showed only a signifi-
cant effect of sessions, F(4, 56) = 3.13, p = .021, η2 = .183.

With the activity measure, latent inhibition was evident in
each half of the CS interval (Fig. 4h–i). ANOVAs showed
significant effects of cue, Fs(1, 14) > 16.87, ps < .002, η2s >
.546, and session, Fs(4, 56) > 19.40, ps < .001, η2s > .580.
Within-subjects contrasts of latent inhibition were significant
for both preexposure conditions in the first half (Fig. 4; ps <
.010), but only for the rats preexposed to the 400-Hz tone (p <
.001) in the last half (Fig. 4i). However, the between-subjects
comparisons of latent inhibition were significant for both au-
ditory stimuli in that period (ps < .035).

Discussion

As in previous studies (Baxter et al., 1997; Chiba et al., 1995;
Han et al., 1995; Holland & Gallagher, 1993), when the train-
ing test procedure included two CSs of the same modality
cues, latent inhibition was observed for both visual and audi-
tory CSs, even though the identical preexposure conditions
led to facilitation (with the time in food-cup measure) in
Experiment 1, in which one auditory and one visual CS were
presented in the training test.
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In Experiment 2a, the latent inhibition effect with the food-
cup measures was much smaller in the first half of the visual
CSs than in the last half. However, this difference is confound-
ed with the overall lower levels of responding observed in the
first interval. Notably, in Experiment 2b, the latent inhibition
effects with auditory CSs were more commensurate in the two
intervals, as were the overall levels of conditioned responding.
This difference in the temporal distribution of food-cup
responding is consistent with previous studies of conditioned
responding to visual and auditory CSs. The first half of 10-s
visual CS responding is often dominated by visual ORs, such
as rearing, whereas the typical auditory OR is a startle re-
sponse, which occupies only a second or two at CS onset
(e.g., Holland, 1977), followed by approach to the food cup.

The patterns of activity responding observed in these ex-
periments differed from those observed in Experiment 1. In
both Experiments 2a and 2b, activity during the CS intervals
was considerably greater than baseline activity, and in
Experiment 2b, activity during each CS interval showed
obvious acquisition functions. We consider these differences
in the General Discussion.

Finally, in an unpublished experiment, we extended the
generality of Experiment 2 by examining the effects of differ-
ent amounts of preexposure. Schmajuk, Lam, and Gray
(1996) suggested that, under some circumstances,
preexposure effects might be nonmonotonic, that is, impairing
subsequent learning with some amounts of stimulus
preexposure and facilitating it with other amounts. In our

Fig. 4 Mean (± SEM) responding during the training test phase of
Experiment 2b. Points labeled Pre-exposed refer to responding to the
preexposed auditory cue, and those labeled Novel refer to responding to
the other auditory stimulus, which was presented for the first time in the
training test. Panels a–c show percentage time in the food cup, panels d–f

show food cup entry rates, and panels g–i show activity counts. Panels a,
d, and g show responding in the 5 s prior to stimulus presentations, panels
b, e, and h show responding during the first 5 s of each stimulus, and
panels c, f, and i show responding during the last 5 s of each stimulus
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unpublished experiment, we examined the effects of 64 or 128
preexposures of an auditory cue on the subsequent learning,
using the within-subjects design of Experiment 2b (which
included 80 preexposures). It is conceivable that fewer or
more preexposure presentations of the auditory cuemight give
rise to the facilitation effect observed in Experiment 1 even
under the testing conditions of Experiment 2b. However, the
results of that unpublished experiment, combined with those
of Experiment 2b, indicated a typical monotonic function re-
lating amounts of latent inhibition to the amount of stimulus
preexposure: latent inhibition effects with the food-cup mea-
sures were largest with 128 preexposures, intermediate with
80 preexposures, and minimal with 64 preexposures, with no
evidence for facilitation at any number. By contrast, the
amount of latent inhibition observed with the activity measure
did not vary systematically with the number of cue
preexposure presentations.

Experiment 3

The results of Experiments 1 and 2 indicated that in our
within-subjects preexposure task, latent inhibition was obtain-
ed when the cues used in the training test were of the same
modality (auditory or visual), but the identical preexposure
conditions yielded facilitation effects when the training test
cues came from different modalities. Thus, whatever is
learned in the preexposure phase might have very different
effects depending on the nature of the test. For example, con-
struction of a more detailed and more consistent representa-
tion of the stimulus might enhance subsequent learning about
it under some circumstances, but slow learning under others.
Alternately, losses in CS salience from latent inhibition in the
preexposure phase might be accompanied by habituation of
unconditioned ORs to the CS, which could enhance the dis-
play of food-related CRs in the training test by releasing it
from interference by those ORs in a training task-dependent
manner. For example, given that habituation of ORs is more
likely to generalize across cues within the same modality than
across cues of different modalities, a comparison of the learn-
ing rates of two same-modality CSs might be less affected by
differential interference by ORs than comparisons between
CSs of different modalities.

Another intuition about how the two training test condi-
tions might influence the display of latent inhibition considers
context change between preexposure and the training test.
One approach to understanding latent inhibition is that ani-
mals build up “no-event” outcome expectancies in the
preexposure phase, which interfere with establishing new “su-
crose” expectancies in the training test (Bouton, 1993). If
these expectancies are context specific, then changes in con-
text may release the animal from interference, reducing the
impact of latent inhibition and potentially allowing other

countervailing tendencies, such as familiarity or habituation
of ORs, to dominate in the training test. Notably, latent inhi-
bition effects rarely survive explicit context changes between
preexposure and training test phases in intact animals.

Our intuition was that in our within-subjects preexposure
task, the change in context from a single event in preexposure
to two events in the training test disrupts latent inhibition, and
that the addition of a same-modality stimulus would be less
disruptive than the addition of a stimulus from a newmodality.
In Experiment 3, we examined some implications of this pos-
sibility, using both the two-modality training test procedure
used in Experiment 1 and a standard one-stimulus
preexposure and training test procedure. Rats first received
preexposure to either one cue (a noise), two cues (a noise
and a light), or the chamber alone. Then, half of the rats in
each of these groups received a training test with both the light
and noise CSs, as in Experiment 1. If context change disrupts
latent inhibition, then we would expect reduced latent inhibi-
tion or even facilitation in the training test after exposure to the
noise alone (as in Experiment 1), but latent inhibition after
exposure to both cues to be used in the training test. The other
half of the rats in each preexposure group received a training
test that included only the noise CS. In this case, there would
be minimal context change from the preexposure phase in rats
that received noise-alone preexposure, and they might show
latent inhibition, rather than the facilitation we predicted to
occur after noise-alone preexposure and a training test with
both noise and light. Furthermore, rats that received
preexposure to both noise and light would experience greater
context change when shifted to a noise-alone training, and
thus might be expected to show less latent inhibition, or even
facilitation in the training test. Thus, when the training test
included both noise and light conditioning trials, we expected
more latent inhibition after the noise and light preexposure
treatment than after the noise-alone preexposure treatment,
but when only the noise was presented in the training test,
we anticipated greater latent inhibition in the noise-alone
preexposure condition.

Method

The subjects were 50 Sprague-Dawley rats (25 female), main-
tained as in the previous experiments. Preexposure and training
occurred in the sameapparatus aswasused inExperiments 1 and
2. Table 1 shows an outline of the procedures of Experiment 3.
Rats first received eight 64-min preexposure sessions. In each of
thesesessions, ratswereplacedintheexperimentalchambersand
given 16 nonreinforced presentations each of a 10-s white noise
(78 dB) and a 10-s panel light (Groups NP/NP+ and NP/N+)
randomly intermixed,ornonreinforcedpresentationsofonly that
noise (16per session inhalf of those rats and32per session in the
others;GroupsN/NP+ andN/N+), or no explicit events (Groups
box/NP+ and box/N+). Then, all rats received food cup training
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as in the previous experiments, followed by five 64-min training
test sessions that included either four reinforced-noise and four
panel-light presentations, randomly intermixed (Groups NP/
NP+, N/NP+, and box/NP+), or four reinforced noise presenta-
tions (Group NP/N+, N/N+, and box/N+). There were two rep-
lications, onewith24 rats andonewith26 rats, eachconductedat
Johns Hopkins University.

Results

Tables 2 shows activity counts on the final session of
preexposure. Baseline (pre-CS) activity counts were affected
by the type of preexposure treatment: rats that received both
panel light and noise presentations showed higher baseline
activity levels in the early preexposure sessions.
Surprisingly, there were no systematic differences among the
groups in responding during the preexposed CSs themselves.
ANOVA of activity prior to noise cue presentations showed a
significant main effect of sessions, F(7, 196) = 9.411, p < .001,
η2 = .252, and a significant Preexposure Condition (NP vs. N)
× Sessions interaction, F(7, 196) = 9.89, p < .001, η2 = .261.
ANOVA of these counts confined to the first four sessions also
revealed a significant main effect of preexposure, F(1, 28) =
14.91, p < .001, η2 = .347, with greater responding in the NP
condition. Although ANOVAs of responding during the first
and last halves of the CS interval also showed a significant
sessions effect and a significant Preexposure × Sessions inter-
action (ps < .003, η2s > .103), we saw no systematic differ-
ences. ANOVAs of responding on panel light trials (Groups
NP/NP+ and NP/N+ only) showed significant effects of ses-
sions in all three sampling intervals, Fs(7, 98) > 21.20, ps <
.001, η2s > .602.

Figures 5, 6, and 7 show responding during the training test
phase of Experiment 3. The primary finding was that in the
case of the food-cupmeasures, the relative effectiveness of the
noise-alone (N) and noise and panel light (NP) preexposure
treatments depended on whether they were assessed by train-
ing only the noise (N+), or by training both the noise and the
panel light (NP+). When tested with sessions that included
both noise and panel light trials (as in Experiment 1), the noise
and panel light preexposure procedure produced more latent
inhibition than the noise alone preexposure procedure. Indeed,
with the time in food-cup measure under these test conditions,
prior exposure of the noise alone facilitated conditioning to
the noise (as in Experiment 1), whereas preexposure to both
stimuli produced latent inhibition of conditioning to both
noise and light. By contrast, if only noise-sucrose trials were
presented in the test phase, preexposure of only the noise
produced substantially more latent inhibition than
preexposure of both cues, although both preexposure treat-
ments produced significant latent inhibition effects.

Figure 5 shows the time in food-cup measure. Figure 5c and
f show responding during the last half of the noise CS intervals

as in original ms. The ANOVA for this measure showed all
main effects and interactions to be significant (ps < .044, η2s
> .084), except for the main effect of training (p = .696).
However, the critical outcome was the significant
Preexposure (NP, N, or box) × Training (NP+ or N+), F(2,
44) = 20.73, p < .001, η2 = .485, and Preexposure × Training
× Sessions, F(8, 176) = 3.29, p = .002, η2 = .130, interactions.

Table 1. Outline of procedures

Preexposure Training test

Experiment 1

Group A (80) a1- a1➔suc, v1➔suc

Group V (80) v1- a1➔suc, v1➔suc

Experiment 2a

(80) v1- v1➔suc, v2➔suc

Experiment 2b

(80) a1- a1➔suc, a2➔suc

Experiment 3

Group

NP/NP+ n-, p- n➔suc, p➔suc

N/NP+ n- n➔suc, p➔suc

box/NP+ -- n➔suc, p➔suc

NP/N+ n-, p- n➔suc

N/N+ n- n➔suc

box/N+ -- n➔suc

Experiment 4

Group

S/N n- n➔suc

S/box -- n➔suc

W/N n- n➔suc

W/box -- n➔suc

Note. suc = sucrose reinforcement, “-” = nonreinforced presentations, “–”
= exposure to chamber only, n = white noise, p = panel light. In
Experiment 1, a1 and v1 refer to a 1500-Hz tone and a panel light stim-
ulus. In Experiment 2, a1 and a2 refer to 1500-Hz and 400-Hz tones,
counterbalanced, and v1 and v2 refer to panel and house lights,
counterbalanced

Table 2 Mean (± SEM) activity counts in the last preexposure session
of Experiment 3

CS: Group pre-CS CS: first half CS: second half

Noise: NP-NP 50.1 ± 8.8 80.8 ± 10.7 70.4 ± 12.0

Noise: N-NP 58.5 ± 9.4 68.3 ± 5.3 68.1 ± 9.9

Noise: NP-N 50.2 ± 9.0 71.9 ± 13.0 76.3 ± 11.7

Noise: N-N 49.9 ± 8.9 106.1 ± 10.5 98.8 ± 10.8

Light: NP-NP 48.3 ± 8.4 62.5 ± 9.8 63.8 ± 10.6

Light: NP-N 55.9 ± 12.0 62.9 ± 10.5 70.2 ± 10.7

Note. CS = conditioned stimulus
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We partitioned the Preexposure × Training interaction with a
series of planned comparisons. The first assessed the primary
hypothesis of this study, that more latent inhibition would be
observed when preexposure and test conditions matched than
when they differed. This contrast, between responding in the
NP and N preexposed rats, depending on whether their training
test used the NP+ or N+ procedure, was significant (p < .001).
Each of the components of that contrast was also significant:
The contrast of NP and N preexposure conditions was signifi-
cant (ps < .001) in both the rats tested with NP+ (in which NP
preexposure produced more latent inhibition than N
preexposure) and those tested with N+ procedures (in which
N preexposure produced more latent inhibition than NP
preexposure). Furthermore, among rats tested with both the
noise and panel light, preexposure to the noise alone signifi-
cantly facilitated (p = .048) responding relative to those simply
placed in the chamber, whereas preexposure to both cues pro-
duced only a marginally significant (p = .081) latent inhibition
effect, compared to chamber-alone rats.

Only portions of this pattern were observed in the first half
of the noise CS (Fig. 5b and e). As with responding in the last
half of the noise CS interval, both the Preexposure × Training,

F(2, 44) = 6.54, p = .003, η2 = .229, and Preexposure ×
Training × Sessions, F(8, 176) = 4.29, p < .001, η2 = .163,
interactions were significant. However, the pattern of differ-
ences differed from that observed in last-half responding.
Although the primary contrast, between responding in the
NP and N preexposed rats, depending on whether they were
tested with the NP+ or N+ procedures, was significant (p =
.014), the contrast of NP and N preexposure conditions was
significant only for rats tested in the N+ condition (p = .012);
this contrast was not significant for rats tested in the NP+
condition (p = .336). Furthermore, in comparison to
responding of rats preexposed only to the experimental cham-
ber, only rats in the N/N+ group showed significant latent
inhibition (p < .001, other ps > .200). Finally, during the
pre-CS periods (Fig. 5a and d), there were no differences
among groups; only the effect of sessions was significant,
F(4, 176) = 6.44, p < .001, η2 = .128; other ps > .350.

Figure 6 shows the food-cup entry rate measure.
Figure 6c and f show responding during the last half of
the noise CS intervals. Except for the main effect of train-
ing (p = .803) and the Training × Sessions interaction (p =
.300), all main effects and interactions in this ANOVA

Fig. 5 Mean (± SEM) time in the food cup during the training test phase
of Experiment 3. In the preexposure phase, Groups NP-NP and NP-N
received nonreinforced presentations of both the noise and the panel light,
Groups N-NP and N-N received nonreinforced presentations of only the
noise, and Groups Box-NP and Box-N were placed in the chambers but
did not receive any explicit events. Panels a–c show responding in rats
that received separate reinforced presentations of both the noise and panel

light stimuli in the training test, and panels d–f show responding in the
rats that received reinforced presentations of only the noise in the training
test. Panels a and d show responding in the 5 s prior to stimulus
presentations, panels b and e show responding during the first 5 s of
each stimulus, and panels c and f show responding during the last 5 s of
each stimulus
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were significant (ps < .019, η2s > .166). However, the
critical outcome was again the significant Preexposure
(NP, N, or box) × Training (NP+ or N+), F(2, 44) =
4.39, p = .018, η2 = .166, and Preexposure × Training ×
Sessions, F(8, 176) = 2.56, p = .011, η2 = .104, interac-
tions. As with the food cup time measure, we partitioned
the Preexposure × Training interaction with a series of
planned comparisons. The first assessed the primary hy-
pothesis of this study, that more latent inhibition would be
observed when preexposure and test conditions matched
than when they differed. This contrast, between
responding in the NP and N preexposed rats, depending
on whether they were tested with the NP+ or N+ proce-
dures, was significant (p = .005). However, the contrast of
NP and N preexposure conditions was significant only in
the rats tested with N+, in which N preexposure produced
more latent inhibition than NP preexposure (p = .008);
although in the rats tested with NP+ there was a trend
toward more latent inhibition after NP preexposure, that
difference was insignificant (p = .160). There was no ev-
idence for facilitation with this measure; indeed, com-
pared to performance in the box-preexposed rats,

significant latent inhibition was observed in Groups NP/
NP+ (p < .001), N/NP+ (p = .040), and N/N+ (p < .001),
but not Group NP/N+ (p = .253).

This predicted pattern was not observed in the first half of
the noise CS (Fig. 6b and e). Neither the Preexposure ×
Training (p = .210) nor the Preexposure × Training ×
Sessions (p = .335) interaction was significant. The only sig-
nificant effects were those of training test condition (rats tested
with both cues showed higher rate of food-cup entry), F(1, 44)
= 41.58, p < .001, η2 = .486, and sessions, F(4, 176) = 40.88, p
< .001, η2 = .481, although, consistent with the effects noted
with the time in the food cup measure, among rats tested with
only reinforced noise trials, there was less responding (more
latent inhibition, p = .048) after preexposure to the noise alone
than after preexposure to both light and noise. Finally, pre-CS
food cup entry rates (Fig. 6a and d) did not differ across
groups; only the effect of sessions was significant, F(4, 176)
= 3.24, p = .014, η2 = .069, other ps > .104.

Figure 7 shows activity responding on noise CS trials. This
measure showed equivalent latent inhibition after both
preexposure treatments, in both noise-alone and noise and
panel light testing procedures. Figure 7b and e show activity

Fig. 6 Mean (± SEM) food cup entries/min during the training test phase
of Experiment 3. In the preexposure phase, Groups NP-NP and NP-N
received nonreinforced presentations of both the noise and the panel light,
Groups N-NP and N-N received nonreinforced presentations of only the
noise, and Groups Box-NP and Box-N were placed in the chambers but
did not receive any explicit events. Panels a–c show responding in rats
that received separate reinforced presentations of both the noise and panel

light stimuli in the training test, and panels d–f show responding in the
rats that received reinforced presentations of only the noise in the training
test. Panels a and d show responding in the 5 s prior to stimulus
presentations, panels b and e show responding during the first 5 s of
each stimulus, and panels c and f show responding during the last 5 s of
each stimulus
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during the first half of the noise CS intervals. ANOVA showed
significant main effects of preexposure, F(2, 44) = 11.25, p <
.001, η2 = .338, and sessions, F(4, 176) = 3.30, p = .012, η2 =
.070, and significant Training × Sessions, F(4, 176) = 3.91, p
= .005, η2 = .082, and Preexposure × Training × Sessions, F(8,
176) = 2.50, p = .013, η2 = .102, interactions. Individual con-
trasts showed that, compared to rats preexposed only to the
chambers, significant latent inhibition was observed in all four
preexposed groups (ps < .029).

Figure 7c and f show activity during the last half of the
noise CS intervals. ANOVA showed significant main effects
of preexposure, F(2, 44) = 9.77, p < .001, η2 = .307, and
sessions, F(4, 176) = 8.65, p < .001, η2 = .164, and a signif-
icant Preexposure × Training × Sessions interaction, F(8, 176)
= 2.05, p = .043, η2 = .085. As with first-half activity, com-
pared to chamber-only preexposure, both preexposure treat-
ments produced significant latent inhibition under both test
procedures (ps < .050). Finally, Fig. 7a and d show baseline
activity in the intervals before noise trials. ANOVA showed
no significant effects or interactions (ps > .169).

Figure 8 shows the acquisition of conditioning to the panel
light CS in the NP+ groups (the only groups in which

conditioning of the panel light was conducted). Prior exposure
to that stimulus produced latent inhibition in testing, com-
pared to either exposure to the chamber alone or exposure to
the noise stimulus. ANOVAs of time in food-cup responding
in both the first (Fig. 8b) and last (Fig. 8c) halves of the CS
interval showed significant effects of preexposure, Fs(2, 23) >
4.66, ps < .020, η2s > .288, and sessions, Fs(4, 92) > 19.74, ps
< .001, η2s > .461; other ps > .194. Individual contrasts
showed that responding during the last half of the panel light
was significantly lower in Group NP/NP+ (ps < .021) than in
either Groups N/NP+ or box/NP+, which did not differ (p =
.160), and responding during the first half was significantly
lower in Group NP/NP+ than responding in Group box/NP+
(p = .006). Responding prior to panel light presentations
(Fig. 8a) did not differ among the groups; ANOVA showed
no significant effects or interactions (ps > .097).

Latent inhibition to the panel light CS appeared somewhat
weaker in the food-cup entry measure (Fig. 8d–f). ANOVA of
responding in the last half of the panel light interval (Fig. 8f)
showed a marginally significant effect of preexposure, F(2,
23) = 3.15, p = .062, η2 = .215, and a significant effect of
sessions, F(4, 92) = 42.30, p < .001, η2 = .648; other ps > .102.

Fig. 7 Mean (± SEM) activity counts/min during the training test phase
of Experiment 3. In the preexposure phase, Groups NP-NP and NP-N
received nonreinforced presentations of both the noise and the panel light,
Groups N-NP and N-N received nonreinforced presentations of only the
noise, and Groups Box-NP and Box-N were placed in the chambers but
did not receive any explicit events. Panels a–c show responding in rats
that received separate reinforced presentations of both the noise and panel

light stimuli in the training test, and panels d–f show responding in the
rats that received reinforced presentations of only the noise in the training
test. Panels a and d show responding in the 5 s prior to stimulus
presentations, panels b and e show responding during the first 5 s of
each stimulus, and panels c and f show responding during the last 5 s of
each stimulus
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Individual contrasts showed that responding was significantly
lower in Group NP/NP+ than in Group box/NP+ (p = .021;
other ps > .111). ANOVA of responding during the first half
(Fig. 8e) showed only a significant effect of sessions, F(4, 92)
= 21.73, p < .001, η2 = .486; other ps > .080. Food-cup entries
prior to panel light presentations (Fig. 8d) did not differ across
groups; ANOVA showed no significant effects or interactions
(ps > .115).

Surprisingly, activity during the panel light CS (Fig. 8g–i)
revealed little evidence for latent inhibition or even condition-
ing (that is, there was no evidence of an acquisition function;

but see Rescorla, 1988). The only significant effect or interac-
tion was of sessions, for activity in the pre-CS interval, F(4,
92) = 3.38, p = .013, η2 = .128, and in the first half of the CS
interval, F(4, 92) = 3.33, p = .014, η2 = .126; other ps > .167.

Discussion

The relative effectiveness of the one (N) and two (NP) stimu-
lus preexposure procedures depended on the nature of the
training test: More latent inhibition was observed if the
preexposure and training test conditions matched than if they

Fig. 8 Mean (± SEM) responding to the panel light stimulus in rats that
received separate reinforced presentations of both the noise and panel
light stimuli in the training test in Experiment 3. In the preexposure
phase, Group NP-NP received nonreinforced presentations of both the
noise and the panel light, Group N-NP received nonreinforced
presentations of only the noise, and Group Box-NP was placed in the

chambers during the preexposure phase but did not receive any explicit
events. Panels a–c show percentage time in the food cup, panels d–f show
food cup entry rates, and panels g–i show activity counts. Panels a, d, and
g show responding in the 5 s prior to stimulus presentations, panels b, e,
and h show responding during the first 5 s of each stimulus, and panels c,
f, and i show responding during the last 5 s of each stimulus
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did not. Preexposure effects additionally varied depending on
the choice of response measure. With the food-cup time mea-
sure, if both the auditory and visual CSs were reinforced in the
training test (NP+), the N preexposure procedure produced
facilitation (as in Experiment 1), whereas the NP preexposure
procedure produced latent inhibition. By contrast, if only the
noise was reinforced in the training test (N+), the N
preexposure procedure produced profound latent inhibition,
whereas the NP procedure had no significant effect. With the
food-cup entry-rate measure, more latent inhibition was ob-
served if the preexposure and training test conditions matched
than if they did not, but both preexposure procedures pro-
duced latent inhibition under both training test conditions.
Finally, with the activity measure, both preexposure treat-
ments slowed subsequent learning equivalently, regardless of
training test procedure. Interestingly, although rats tested with
both noise and light trials showed patterns of activity as in the
previous experiments, with lower levels of activity to the
preexposed cue from the beginning of the test phase, in rats
tested with the noise alone, latent inhibition emerged over
trials, as with the other measures. We discuss implications of
this observation in the General Discussion.

Experiment 4

When a single stimulus was preexposed, but both that CS and
a CS of another modality were trained in the test phase
(Experiments 1 and 3), we observed preexposure facilitation
effects. One inference from this observation is that facilitation
effects may depend on the two-modality, two-stimulus test
procedure. In Experiment 4, we sought a facilitation effect
with a simple, one-stimulus design, in which the only contex-
tual change between preexposure and test was the addition of
reinforcement. If latent inhibition effects depend on minimal
contextual changewhen reinforcement is introduced in the test
phase, then manipulations that make that change more obvi-
ous should discourage latent inhibition and encourage the dis-
play of facilitation. We reasoned that the addition of reinforce-
ment would provide a more distinctive change the weaker the
salience of the context. In Experiment 4, we manipulated the
salience of the experimental context by altering the intensity
of the background sound level. Some rats received their
preexposure treatment and training tests in chambers with
the background sound intensity used in Experiments 1–3,
and others received preexposure and training in chambers
with a weaker background sound level. We hypothesized that
with the “weak” context, preexposure should produce weaker
latent inhibition, or perhaps facilitation, as in Experiments 1
and 3, even with a simple one-stimulus, between-subjects de-
sign. On the other hand, if facilitation were some artifact of
training two cues in testing, it would not be expected in this
experiment.

Method

The subjects were 28 (14 female) Sprague-Dawley rats
(Charles River, Raleigh, NC). The same apparatus was used
as in the previous experiments. Throughout the experiment,
for rats in the “strong” context condition, 72-dB background
noise was provided by ventilating fans mounted on the exter-
nal shell that enclosed the experimental chambers. For rats in
the “weak” context condition, those fans were silent, provid-
ing a background intensity of 58 dB. In both conditions, the
experimental chambers were always dark. The experiment
was conducted at Duke University.

Table 1 shows an outline of the procedures of Experiment 4.
Half of the rats in each context condition first received eight 64-
min preexposure sessions, each of which included 32 presenta-
tions of a 10-s 79-dB white-noise cue, with random ITIs. The
otherhalfof therats ineachcontextconditionweresimplyplaced
in the chambers during those sessions, with no explicit events.
Then, all rats received a single session of food-cup training with
the sucrose reinforcer, as in theprevious experiments. Finally, all
rats received eight reinforced presentations of the noise CS in
each of five 64-min training sessions.

Results

Rats rapidly habituated activity responding to the noise CS
over the course of the preexposure phase, regardless of context
intensity. ANOVAs of activity during pre-CS, and first and
second halves of CS periods all showed significant effects of
sessions, Fs(7, 84) > 2.73, ps < .014, η2 > .185, other ps >
.283. On the final preexposure session, mean ± SEM activity
counts/min were 81.8 ± 14.2, 92.2 ± 17.1, and 94.3 ± 19.3 in
the pre-CS, first half of CS, and last half of CS intervals,
respectively, in the strong context, and 80.4 ± 12.9, 83.6 ±
13.7, and 96.0 ± 8.6 in those intervals in the weak context.

Although in the strong context (that used in the previous
experiments) preexposure of the noise resulted in latent inhi-
bition when the noise was paired with food, regardless of
response measure, the pattern of results observed in the weak
context depended on the response measure. Facilitation was
observed with the time in food-cup measure, latent inhibition
was observed with the activity measure, and no significant
effect was observed with the food cup entry rate measure.

Figure 9a–c show the time in food-cup measure in the
training test of Experiment 4. ANOVA of responding during
the last half of the CS (Fig. 9c) showed significant main effects
of context, F(1, 23) = 8.77, p = .007, η2 = .276, and sessions,
F(4, 92) = 38,47, p < .001, η2 = .626. Most important, the
Context × Preexposure interaction was significant, F(1, 23) =
12.55, p = .002, η2 = .353. Individual contrasts showed reli-
able latent inhibition in the strong context (p = .030), and
significant facilitation in the weak context (p = .012). In addi-
tion, although the salience of the context had no effect on test
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learning in rats preexposed to the chambers alone (p = .689),
in rats preexposed to the noise, learning about the noise was
significantly greater in the weak context than in the strong
context (p < .001). ANOVA of time in the food cup during
the first half of the CS intervals (Fig. 9b) showed a main effect
of sessions, F(4, 92) = 10.42, p < .001, η2 = .312, and signif-
icant Context × Sessions, F(4, 92) = 3.82, p = .006, η2 = .142,
and Context × Preexposure interactions, F(1, 23) = 8.95, p =

.006, η2 = .280. Individual comparisons showed significant
facilitation in the weak context (p = .006), but no significant
difference in the strong context (p = .209). As with last half
responding, although the salience of the context had no effect
on learning in rats preexposed to the chambers alone (p =
.082), in rats preexposed to the noise, learning about the noise
was significantly greater in the weak context than in in the
strong (p = .006). Finally, time in the food cup in the pre-CS

Fig. 9 Mean (± SEM) responding to the noise in the training test of
Experiment 4. Preexposure and testing occurred in either a more salient
strong (S) context or a less salient weak (W) context. In the preexposure
phase, rats received either nonreinforced presentations of the noise (N) or
no explicit stimulus (Box). Panels a–c show percentage time in the food

cup, panels d–f show food cup entry rates, and panels g–i show activity
counts. Panels a, d, and g show responding in the 5 s prior to stimulus
presentations, panels b, e, and h show responding during the first 5 s of
each stimulus, and panels c, f, and i show responding during the last 5 s of
each stimulus
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periods (Fig. 9a) showed significant effects of context, F(1,
23) = 18.33, p < .001, η2 = .443, and sessions, F(4, 92) = 2.54,
p = .045, η2 = .099, and a significant Context × Preexposure
interaction, F(1, 23) = 6.29, p = .020, η2 = .215. Individual
comparisons showed significantly greater pre-CS responding
in both groups of rats trained in the weaker context than in
those trained in the strong context (ps < .010). Although at
first glance this observation might seem surprising, one pos-
sible account for it is that the weaker background sound level
made operation of the solenoid valve easier to hear, enhancing
context conditioning during food cup training, prior to the CS
training test.

Figure 9d–f show food-cup entry rates during the training
test of Experiment 4. ANOVA of last half entry rates (Fig. 9f)
showed a significant effect of sessions, F(4, 92) = 29.75, p <
.001, η2 = .564, and a significant Preexposure × Context in-
teraction, F(1, 23) = 6.12, p = .021, η2 = .210. Individual
contrasts showed a significant latent inhibition effect in rats
trained in the strong context (p = .017), but no effect in the
weak context (p = .407). During the first half of the CS interval
(Fig. 9e), ANOVA showed only an effect of sessions, F(4, 92)
= 22.46, p < .001, η2 = .494. Finally, ANOVA of pre-CS food
cup entry rates (Fig. 9d) showed a significant Preexposure ×
Context interaction, F(1, 23) = 4.92, p = .037, η2 = .176,
which did not appear to reflect any systematic differences.

Figure 9g–i show activity counts during the training test of
Experiment 4. ANOVA of first half activity (Fig. 9h) showed
significant effects of preexposure,F(1, 23) = 9.40, p = .005, η2

= .290, and sessions, F(4, 92) = 23.07, p < .001, η2 = .501, and
significant Preexposure × Sessions, F(4, 92) = 3.64, p = .008,
η2 = .137, and Context × Sessions, F(4, 92) = 3.70, p = .008,
η2 = .139, interactions, but no Context × Preexposure interac-
tion (F < 1, p = .457, η2 = .024). Individual comparisons
showed a significant latent inhibition effect (p = .017) in the
strong context and a marginally significant latent inhibition
effect in the weak context (p = .097). ANOVA of last half
responding (Fig. 9i) also showed main effects of preexposure,
F(1, 23) = 7.82, p = .010, η2 = .254, and sessions, F(4, 92) =
12.49, p < .001, η2 = .352, and a significant Context × Session
interaction, F(4, 92) = 3.56, p = .010, η2 = .134, but no
Context × Preexposure interaction, F(1, 23) = 1.35, p =
.257, η2 = .056. Only the latent inhibition effect in the strong
context was significant (p =.014). Finally, ANOVA of baseline
activity (Fig. 9g) showed no significant effects or interactions
(ps > .184).

Discussion

When the noise CS was preexposed and trained in the strong
context (that used in Experiments 1–3), all three measures of
learning displayed latent inhibition. Thus, we replicated the
results of the N/N+ and box/N+ conditions of Experiment 3.
However, in the weak context, we found facilitation of

learning about the preexposed cue with the food-cup time
measure, latent inhibition with the activity measure, and no
significant effect (but a trend toward facilitation) with the
food-cup entry-rate measure. This facilitation is especially
surprising given recent reports that latent inhibition may be
enhanced with more salient CSs (Rodríguez, Alonso, & Hall,
2015); reducing the background noise intensity in Experiment
4 might have been expected to increase the relative salience of
the noise CS.

Within many theories of latent inhibition (to be considered
in the General Discussion), latent inhibition should be maxi-
mal when the preexposure and test contexts are indistinguish-
able and minimized when they are readily distinguishable.
When the chamber elements that bridged the two phases are
of high salience, those strong constant cues may partially
mask the only changed stimulus, that of cue outcome
(nonreinforcement vs. reinforcement), encouraging the rats
to integrate their experiences from those two phases, and
hence display substantial latent inhibition. With less salient
contextual cues, the outcome shift may be more important,
allowing the rats to better distinguish reinforced from
nonreinforced phases, and hence acquire associations with
reinforcement more rapidly in the test phase, reducing the
latent inhibition effect. Of course, such an approach alone
does not predict net facilitation, without additional
assumptions, such as release from competition from ORs or
formation of a stronger representation of the preexposed cue.

Given such additional assumptions about the origins of
facilitation, the results of Experiment 4 are also consistent
with other theories of latent inhibition. For example, Wagner
(1979) suggested that CSs lost their effectiveness as a result of
the formation of context➔CS associations, in the same way
(within the Rescorla & Wagner, 1972, model) as USs lose
their effectiveness as they become predicted by CSs. That
account anticipates the elimination of latent inhibition by con-
text change, and is consistent with the results of Experiment 4,
given the reasonable assumption that less salient contextual
cues would former weaker associations with the explicit CS
during the preexposure phase.

General discussion

Stimulus preexposure had different effects depending on the
training test and the choice of response measure. In
Experiments 1 and 3, preexposure to a visual or an auditory
stimulus produced facilitation of acquisition of responding
directed to the locus of US delivery (time in food cup) when
both of those cues were (separately) paired with sucrose de-
livery in a training test. In Experiment 2, the same preexposure
procedure resulted in slowed food-cup learning (latent inhibi-
tion) if the second stimulus in the training test was of the same
modality as the preexposed stimulus. In Experiment 3, latent
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inhibition of food-cup learning was observed if both auditory
and visual stimuli were presented in both preexposure and the
training test. Finally, in Experiment 4, in which a single audi-
tory stimulus was presented in both preexposure and the train-
ing test, latent inhibition of food-cup learning was observed if
the auditory contextual cues were salient, but facilitation was
obtained if they were nonsalient. By contrast, in all conditions,
a general activity response appeared to show latent inhibition.

Three of these observations are especially notable. First,
the amount of latent inhibition of learning produced by a given
preexposure procedure depended on the training test proce-
dure. In general, latent inhibition was more pronounced the
more similar the preexposure and training test procedures.
Second, although the typical outcome in studies of the effects
of CS preexposure is slowed learning about the preexposed
cue, in some cases we observed the opposite—facilitated
learning about the preexposed cue. Third, conclusions about
variables affecting the occurrence of latent inhibition or facil-
itation depended on the choice of response measure. After a
brief summary of various classes of latent inhibition theories,
we discuss each of these observations in turn, outlining their
theoretical implications.

Theories of latent inhibition

Most theories of latent inhibition focus on the nature of the
learning that occurs during the preexposure phase. A common
notion is that presentation of a stimulus with no consequence
results in “conditioned inattention” (Lubow & Moore, 1959;
Lubow, Schnur, & Rifkin, 1976) to that cue, or some other
loss in its associability, that is, its ability to participate in new
associations, such as those examined in the training test phase.
For example, Pearce and Hall (1980) suggested that a cue’s
associability declines as it becomes a more accurate predictor
of subsequent events (or no event). By contrast, Wagner
(1979) suggested that cue associability declines during
preexposure, as the cue becomes better predicted by
contextual and other stimuli, in the same way that, within
the Rescorla and Wagner (1972) model, the formation of
CS➔US associations gradually reduces the effectiveness of
the US on conditioning trials. Another approach is to posit
that the stimulus forms associations with a “no event” repre-
sentation or the experimental context, which interferes with
the subsequent acquisition (or performance) of associations
with an explicit event (e.g., Bouton, 1993; Miller &
Schachtman, 1985) in the training test phase. Yet another out-
look considers the latent inhibition task within a broader, sta-
tistical framework, in which learning is construed as a recur-
sive Bayesian inference problem. In this inference problem,
both beliefs about the CS➔no US and CS➔US relations en-
countered (loosely, associative strengths) and the uncertainty
of those beliefs (represented as associabilities) change over the
course of the preexposure and test phases (e.g., Dayan,

Kakade, & Montague, 2000). Extended preexposure results
in reduction in uncertainty and hence cue associability, such
that more evidence for the CS➔US relation is needed to drive
those associabilities high enough to permit to acquisition of a
representation of that relation.

Training procedure determines effects of preexposure

Our observation that identical preexposure conditions led to
different outcomes depending on the nature of the training
tests indicates that variations in how preexposure learning is
expressed during the training test are critical determinants of
latent inhibition (or facilitation) effects. A reasonable starting
point is to note that in most cases, latent inhibition was greater
the more similar the preexposure and training test situations
were. Indeed, this observation is consistent with the widely
observed outcome that latent inhibition is context dependent.
Many experiments (e.g., Bouton 1993; Hall & Channell,
1985; Lovibond et al., 1984) show that conducting
preexposure and training test phases in physically different
experimental chambers eliminates latent inhibition.
Consequently, most latent inhibition theories have proposed
some mechanism for context specificity. Wagner’s (1979) the-
ory provided the most straightforward account: Presentation
of the preexposed CS in a new context would restore its sa-
lience, because it would no longer be signaled by the contex-
tual cues. Other theories essentially either declare their latent
inhibition mechanism to be context dependent or embed that
mechanism within some representation of context (e.g.,
Bouton, 1993; Gluck & Myers, 1993). For example, if an
animal is attempting to integrate the CS➔no event and
CS➔sucrose experiences to establish or perform new associ-
ations, or to form an estimate of the likelihood of current
reinforcement, weighting of the former experiences would
be reduced the more distinguishable the preexposure and test
contexts, reducing the magnitude of latent inhibition.
Although in our experiments, the chambers were never al-
tered, procedural differences between preexposure and test
phases could all be construed as inducing contextual change.
For example, whereas preexposure occurs in a context of
nonreinforcement, the training test involves a context of su-
crose reinforcement. Indeed, the inclusion of unpaired rein-
forcers in the preexposure period (but not paired with the
target stimulus) generally enhances latent inhibition
(Killcross, 1996), although that effect could instead be attrib-
uted to additional conditioning of true inhibition. Likewise,
the common observation of smaller latent inhibition effects
when larger USs are used in the test phase (e.g., Rodríguez
& Alonso, 2004) could be interpreted as the consequence of
greater differentiation between preexposure and test contexts.

In our experiments, the inclusion (or exclusion) of other
events in the preexposure or training test phases could also
be construed as contextual changes. For example, adding a
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second test cue of the same modality as the preexposed stim-
ulus (Experiment 2) might reduce the magnitude of latent
inhibition compared to a procedure in which only the
preexposed cue was tested. Although this comparison was
not made explicitly in the present experiments, it is perhaps
worth noting that the N/N+ procedure in Experiment 3 (Figs. 5
and 6) produced the numerically largest latent inhibition effect
across studies. Adding a CS of another modality might then
produce an even greater context change, and should further
reduce latent inhibition (as was the case in comparing
Experiment 2 with Experiment 1, in which facilitation was
observed). Likewise, removing a cue that was present in
preexposure (as in the NP/N+ condition of Experiment 3)
reduced latent inhibition, and including an additional cue in
both preexposure and training test phases (NP/NP+ treatment
in Experiment 3) enhanced latent inhibition, compared to
treatments in which a cue was included in one phase but not
the other (N/NP+ and NP/N+ in Experiment 3). Finally, the
use of a relatively nonsalient context, as in the weak condition
in Experiment 4, might make the difference in reinforcement
context across preexposure and training test phases more ob-
vious, and hence reduce latent inhibition.

Observation of facilitatory preexposure effects

None of these approaches to understanding latent inhibition
anticipates the observation of the opposite, facilitatory, effects
of preexposure in Experiments 1, 3, and 4. A critical initial
question is how learning about the stimulus in preexposure
could be manifested in opposite ways in a subsequent test.
Perhaps the simplest possibility is that preexposure learning
is complex and includes components that slow, and others that
speed, subsequent learning. Variations in the test procedures
select which of these components is more influential. For ex-
ample, preexposure might reduce attention to a cue, which
might both slow subsequent associative learning about it and
habituate unconditioned ORs to it. If those ORs normally
compete with the measure of associative learning (either in
performance or in new learning), then preexposure could ap-
pear to facilitate that learning. At first glance, such an account
might embrace the apparently opposite results of Experiments
1 and 2. In Experiment 1, habituation of an OR to a cue of one
modality would be unlikely to generalize to a qualitatively
different OR that occurs to a cue of another modality. Thus,
although acquisition of food-cup responding to the
preexposed CS would be freed from competition from ORs,
acquisition to the novel cue would suffer from it, yielding an
apparent facilitation of learning by preexposure. By contrast,
in Experiment 2, generalization of such habituation might be
substantial between cues that share a modality (and an OR).
Thus, there might be relatively little competition fromORs for
either preexposed or novel CSs, permitting the display of
more specific learning of inattention (for example) to the

preexposed cue as latent inhibition. In support of this possi-
bility, the preexposed versus novel difference in the activity
response during the last half of the CS–US interval (when
facilitation and latent inhibition of food-cup responding were
largest) appeared larger in Experiment 1 than in Experiment 2.
On the other hand, the same release from OR competition
observed in Experiment 1 should be observed in a training
test in which only a single CS was presented. But both the
N/N+ procedure in Experiment 3 and the S/N procedure in
Experiment 4 produced latent inhibition, whereas facilitation
was observed in Experiment 1. Similarly, neither the effects of
preexposure-test similarity in Experiment 3 nor the effects of
context salience in Experiment 4 seem readily interpretable in
this fashion, because the opportunities for OR competition
were identical across conditions, but food-cup outcomes
ranged from latent inhibition to facilitation.

Within the OR competition view just described, facilitation
is construed as an artifact. An alternate view is that facilitation,
like latent inhibition, is a normal consequence of stimulus
preexposure, involving, for example, constructing a more de-
tailed, accurate, or consistent CS representation, which is
more readily associated with USs (Gibson & Walk, 1956;
Rescorla & Holland, 1976; see also accounts for the immedi-
ate shock deficit, e.g., Fanselow, 1986; Rudy & O’Reilly,
1999, in which exposure to contexts enhances subsequent fear
conditioning, perhaps by allowing formation of a more de-
tailed context representation). Manipulations such as those
used in the present experiments might affect the amounts of
either preexposure consequence. Unfortunately, there are few
accounts for facilitatory outcomes, or how more accurate rep-
resentations of stimuli as simple as tones and lights could
speed subsequent learning. Recent accounts for “perceptual
learning” effects, in which prior exposure to a pair of cues
enhances subsequent discrimination learning between them,
assume that in the preexposure phase, elements common to
both stimuli lose their effectiveness (as in latent inhibition)
more rapidly than unique elements because they presented
more frequently (e.g., McLaren et al., 1990). This loss in the
associability of the common elements encourages learning
about the unique features of those cues in the training test,
thus enhancing the rate of discrimination learning. However,
in the present experiments, all cues presented in the training
test were reinforced, so it is difficult to see how differences in
the distribution of conditioning among unique and common
elements would yield facilitated learning.

Learning theories that include a major role for stimuli that
occur outside particular learning trials may prove more ame-
nable to providing accounts for our results. For example,
Schmajuk et al. (1996) suggested that learning rates are affect-
ed both by attention to a cue and overall levels of novelty.
Preexposure of a stimulus reduces both attention to it and its
individual novelty, lowering its learning rate parameter. By
contrast, changing contexts, or adding or deleting stimuli from
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the preexposure context, all increase learning rates, by increas-
ing total novelty. In principle, these increases might offset
losses induced by preexposure and even yield facilitation if
the gain from enhancing overall novelty is greater than the net
loss from reducing the novelty of and attention to the
preexposed cue.

Likewise, a recent “latent cause” model of conditioning,
which attempts to recover the full generative process giving
rise to all stimuli, not just USs, may also provide a more
promising perspective (Courville, 2006; Courville, Daw, &
Touretzky, 2006).Within this model, a variety of latent causes,
each with a weight connecting to every stimulus, may appear
and disappear as different events are experienced. With a sim-
ple, one stimulus (e.g., N/N+) preexposure/training procedure,
the most likely inferred model structure would be a single
latent cause, spanning both preexposure and training test
phases. In that case, latent inhibition would occur because
the preexposure phase would reduce the weight uncertainty
such that more evidence would be required in the training test
phase to drive the weights up sufficiently for CR acquisition.
However, within this model, any surprising stimulus event,
either omission of an expected event or presentation of an
unexpected stimulus, could in principle lead to increases in
cue uncertainty, enhancing learning rates. Thus even introduc-
tion of an unexpected neutral stimulus (e.g., Blaisdell, Bristol,
Gunther, & Miller, 1998) or omission of an expected neutral
stimulus (Wilson, Boumphrey, & Pearce, 1992; Holland &
Schiffino, 2016) might induce faster learning, reversing latent
inhibition, and potentially enhancing learning outright.

However, it is difficult to see how either novelty effects
(Schmajuk et al., 1996) or induction of new latent causes
(Courville, 2006; Courville et al., 2006) could produce facil-
itation of learning about a preexposed cue compared to learn-
ing about a novel cue, as in Experiment 1. Both the novel and
preexposed cues would have benefited from the same overall
novelty increases or context changes, but the preexposed cue
would still begin the training test with a lower individual
learning rate parameter.

Preexposure effects differed across measures
of conditioning

Although we observed amix of latent inhibition and facilitation
effects with our primary measure of conditioning, the time
spent in the food cup during a CS, the activity measure uni-
formly showed latent inhibition. In an experiment in which rats
received pairings of a visual CS with food delivery, Boughner
and Papini (2003) reported that conditioning of approach to the
visual CS (sign-tracking) was slowed by preexposure to that
CS, but approach to the food cup (goal-tracking) was not.
Because previous comparisons of video records and activity
scores suggested that our activity measure in part reflected
ORs elicited by the CSs (e.g., El-Amamy & Holland, 2007;

Groshek et al., 2005; Holland, 1977; Holland, 2014), it could
easily be argued that our results replicate their suggestion that
sign tracking is more sensitive to latent inhibition than goal
tracking. Likewise, they noted that whereas goal-tracking re-
sponses exhibited typical acquisition functions, only their
preexposed rats showed such functions for sign-tracking re-
sponses, with nonpreexposed rats maintaining a high initial
response probability throughout the training test, patterns that
were also observed in some of our experimental conditions.

As we suggested in Experiment 1, Boughner and Papini
(2003) noted that their sign tracking functions might reflect a
combination of habituation of unconditioned approach re-
sponses to the visual stimulus and acquisition of conditioned
stimulus approach (sign-tracking) responses. Thus, it is possi-
ble that the apparent latent inhibition of the conditioning of
cue-directed responses was in fact more reflective of habitua-
tion of unconditioned cue-directed responses (cf. Hall &
Schachtman, 1987). That possibility would be consistent with
our observation of comparable “latent inhibition” with the
activity measure across the procedural/contextual manipula-
tions that influenced the magnitude and direction of
preexposure effects with the time in food-cup measure.
Unlike latent inhibition, habituation is seldom context depen-
dent (Hall & Honey, 1989; Marlin & Miller, 1981), and con-
siderable data from our laboratory show that the brain deter-
minants of the acquisition of conditioned ORs to the visual
and auditory CSs used in these studies are often independent
of those of the elicitation or habituation of unconditioned ORs
to those stimuli (Baxter et al., 1997; Han et al., 1995). It is
notable that a similar confound might exist in many other
studies of latent inhibition in which unconditioned responses
to novel CSs are similar to CRs established by pairings with a
US. For example, in studies with shock USs, conditioned sup-
pression might easily be confused with unconditioned sup-
pression elicited by many CSs prior to conditioning, or
pseudoconditioned responses to those CSs consequent to the
simple presentation of the USwithin the experimental context,
even without pairing with the CS.

Boughner and Papini (2003) also offered the related possi-
bility that habituation of CS-approach responses reduced their
operant level such that when reinforcement was introduced in
the training test, there was much less opportunity for instru-
mental reinforcement of those behaviors than would have oc-
curred in the nonpreexposed rats. As a result, preexposure
might change the form of conditioned responding more than
the ease of learning in general. Thus, in principle preexposure
could result in either facilitation or latent inhibition effects,
depending on the responses monitored in the training test.
However, as with the previously suggested OR habituation
account, it is not clear how this approach would deal with
the results of Experiments 3 or 4.

Although we have consistently reported the time spent in
the food cup as our primary measure of appetitive learning,
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many (if not most) investigators instead report the rate of food-
cup entry, perhaps because of its similarity to rate measures
usually reported in operant learning experiments. Thus, it is
informative to compare the outcomes with these two mea-
sures. When the time in food-cup measure showed significant
facilitation, in most cases the food-cup entry rate revealed no
difference between responding in preexposed and
nonpreexposed conditions, but showed marginally significant
facilitation in one case (Experiment 1) and significant latent
inhibition in another (Group NP/N+ in Experiment 3). On the
whole, the rate measure seemed to be less sensitive to exper-
imental manipulations and show smaller effect sizes than the
time measure. This lower sensitivity is consistent with our
lengthy experience with these measures, and was the basis
for our selecting the time measure as the primary index of
conditioning in this preparation in the first place; rats often
remain in the food cup after their initial entries (see Holland,
Lamoureux, Han, & Gallagher, 1999, for an exception).

In most of these experiments, the preexposure effects on
food-cup behaviors, either latent inhibition or facilitation, were
larger during the last half of the CS–US interval than during the
first half, and the latent inhibition effects on activity tended to
be larger during the first half. These differences most likely
track the normal temporal distribution of these behaviors, with
food-cup behavior occurring closer to the time of sucrose de-
livery, and activity occurring closer to the time of CS onset
(Holland, 1977, 1980). It is perhaps worth noting that in the
case of latent inhibition outcomes with the food-cup time mea-
sure, an implication of this pattern is that the rats tended to
show less difference in responding between first and last halves
of a preexposed CS than of a nonpreexposed CS, the opposite
of the effect reported recently by Bonardi et al. (2016).

The fact that rather minor manipulations yielded diverse
outcomes in the present experiments suggests that
preexposure might interact with other, more complex training
procedures in unexpected ways. Our observation that the con-
sequences of CS preexposure for subsequent learning about
that CS can vary considerably across preexposure and test
conditions as well as response measures has implications for
our theories of the nature of preexposure effects and for at-
tempts to use the latent inhibition paradigm to inform us
about, or as a diagnostic tool for, human psychopathology
(e.g., Baruch, Hemsley, & Gray, 1988; Gray, Hemsley, &
Gray, 1992; Lubow & Gewirtz, 1995; Lubow & Weiner,
2010; Moser, Hitchcock, Lister, & Moran, 2000).
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