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Nonreinforced presentation of a stimulus (CS) retards
subsequentacquisitionof a conditionedresponse when that
CS is paired with reinforcement (US); this phenomenon
is referred to as latent inhibition or the CS-preexposure
effect (see Hall & Honey, 1988, and Lubow, 1989, for re-
views). Some attempts to test between the various theories
concerning the mechanisms underlying latent inhibition
have focused on the ability of these theories to predict
the effects of compound preexposure. In one follow-up
set of studies, the effect of compound preexposure in a
blocking design has been examined. That is, prior to con-
ditioning with a target stimulus, subjects f irst are ex-
posed to a nonreinforced nontarget stimulus and then are
exposed to nonreinforced presentations of a simultane-
ous compound (target /nontarget) stimulus. These stud-
ies have produced a mixed set of findings: Honey and
Hall (1988) reported no effects of this manipulation,
whereas Reed (1995a, 1995b) noted that such a treatment
resulted in enhanced levels of latent inhibition, relative to
a group first exposed to the nontarget stimulus and then
to the target stimulus prior to conditioning. This effect
was termed enhanced latent inhibition.

Subsequent analysis of this finding has revealed that
in order for the enhanced latent inhibition effect to be
manifest, exposure to the nontarget stimulus in the first
phase of this treatment has to be relatively extensive: 120
exposures produces the effect, whereas 80 or 40 expo-
sures to the nontarget stimulus does not produce the ef-
fect (cf. Reed, 1991, 1995b). This effect of increasing the

number of nontarget preexposures can be observed, at
least numerically, in the study reported by Honey and
Hall (1988). Moreover, enhanced latent inhibition is ob-
tained only if the two stimuli are presented in compound
in the second phase of preexposure. Enhanced latent in-
hibition does not occur when the stimuli are presented
randomly with respect to one another (Reed, 1995b; Reed,
Anderson, & Foster, 1999).

Reed (1995b) suggested that enhanced latent inhibi-
tion might be taken as support for a modified associative
interference account of latent inhibition (see, e.g., Hall,
Kaye, & Pearce, 1985). This account suggests that dur-
ing a standard stimulus preexposure procedure, subjects
learn about a CS–no-event relationship, which interferes
with subsequent learning of a CS–US relationship (see
also Killcross & Balleine, 1996). This view accounts for
the enhanced latent inhibition effect by suggesting that
the blocking procedure is potentially also a higher order
conditioning procedure (see also Schmajuk, Lam, &
Gray, 1996). If latent inhibition is a form of conditioning
(and a CS–no-event association is learned during pre-
exposure), some higher order conditioningof latent inhi-
bition to the target stimulus might be expected by virtue
of the target and nontarget stimuli’s being paired during
compound preexposure in Phase 2 (a nontarget–no-event
association having been established in the first phase of
the procedure). This higher order conditioningwould lead
to a greater level of target–no-event learning in subjects
receiving this blocking treatment, since, for these sub-
jects, there would be two sources from which such a no-
event association could be formed—one direct and the
other via the second-order association.

The explanation above of enhanced latent inhibition
prompts the following question: Why does blocking not
occur in stimulus preexposure paradigms, when it occurs
readily in standard conditioning procedures? Holland

121 Copyright 2002 Psychonomic Society, Inc.

These data were presented at the Experimental Analysis of Behaviour
Group Meeting, London,1998.Thanksare dueAmanda Roberts and Julie
DeJongh for help with collection of the data and Lisa A. Osborne for her
comments and support.Correspondenceconcerning this article should be
sent to P. Reed, Department of Psychology, University College London,
Gower Street, London WC1E 6BT, England (e-mail: p.reed@ucl.ac.uk).

The influence of a distractor during compound
preexposure on latent inhibition

PHIL REED and ELIAS TSAKANIKOS
University College London, London, England

Nonreinforced exposure to a nontarget stimulus that was followed by nonreinforced exposure to a
target/nontarget simultaneous compound stimulus resulted in enhanced latent inhibition of the target.
Conditioning was slower after this treatment than after nonreinforced exposure to the target stimulus
alone (Experiment 1). However, a salient auditory stimulus presented immediatelyafter the compound
in the second phase reduced levels of latent inhibition, relative to the enhanced latent inhibition pro-
duced when no such extracompound stimulus was presented (Experiments 2 and 3). This effect was
not noted if the salient auditory cue was presented 10 sec after the termination of the compound stim-
ulus (Experiment 4). In Experiment 5, there was no disruption of simple latent inhibition produced by
a salient stimulus. These results are consistent with enhanced latent inhibition’s being produced by the
formation of within-compound associations,which are disrupted by the salient extracompound stimuli.
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(1980; see also Honey & Hall, 1992) has shown that
when no salient event follows a compound stimulus,
within-compound associationsare readily formed. When
such a salient event, such as food or shock, follows a
compound stimulus, the within-compound associations
are disrupted. In a series of three experiments, Holland
(1980) demonstrated that when a food US was presented
immediately after a CS1–CS2 sequence, second-order
conditioning between these stimuli was weaker than
when no food followed that sequence. Similarly, the pre-
sentation of a surprising US following a CS1–CS2 se-
quence disrupted second-order conditioning more than
did an expected US. This interference effect was attenu-
ated when a temporal delay was imposed between the
CS1–CS2 pairing and the surprising US presentation. In
the case in which no salient event follows the pairing, as
occurs in compound stimulus preexposure procedures,
strong within-compound associations should favor the
generation of second-order conditioning rather than
blocking. If this argument is accepted, higher order con-
ditioning might be expected to dominate any blocking
effect in such a stimulus preexposure paradigm, leading
to the production of enhanced latent inhibition.

In the present report, we explored whether disruption of
the putative within-compound associations, which are
taken to develop during the second phase of the exposure
regime, could be produced in the stimulus pre-exposure
procedure. This would extend the validation of the argu-
ment concerning the modified associative account of la-
tent inhibition.Enhanced latent inhibitionshould be atten-
uated when second-orderassociationsare attenuated.That
is, under those conditions in which Holland (1980) noted
weak second-order conditioning, there should also be
weak enhanced latent inhibition.The present experiments
should also produce corroborative evidence for the results
reported by Holland and should further show the parallels
between stimulus–event and stimulus–no-event learning.

EXPERIMENT 1

In the first experiment, we sought to demonstrate the
basic enhanced latent inhibition effect under investiga-
tion (see Reed, 1995a). To this end, one group of subjects
received a simple appetitive conditioning procedure, and
another group of subjects received a simple latent inhi-
bition treatment, by virtue of nonreinforced preexposure
to the to-be-conditioned stimulus (i.e., B0). A third group
of subjects received an enhanced latent inhibition treat-
ment, being exposed first to a nontarget stimulus and
then to a compound target /nontarget stimulus (i.e.,
A0/AB0). The latter subjects should show slower levels
of conditioning than do the simple latent inhibition sub-
jects (i.e., enhanced latent inhibition). A final group
served to demonstrate that the enhanced latent inhibition
effect depended on the influence of training in Phase 1.
The subjects in the latter group were presented with a
nonreinforced nontarget stimulus in Phase 1, followed

by a compound stimulus comprising a target and a dif-
ferent nontarget stimulus in Phase 2 (i.e., C0/AB0).

Method
Subjects. Thirty-two experimentally naive male Sprague-Dawley

rats were used in the present experiment. The subjects were all
4–5 months old at the start of the experiment, had a free-feeding
body weight range of 335– 455 g, and were maintained at 85% of
this weight throughout the experiment. The rats were housed in
groups of 4 and had constant access to water in the home cage.

Apparatus. Training was conducted in four identical operant-
conditioning chambers (Camden Instruments), from which the levers
had been withdrawn. The chambers were ventilated by a fan that also
provided a 68-dB(A) background masking noise. Reinforcement
(one 45-mg food pellet) could be delivered to a food tray, which was
covered by a clear Perspex hinged flap. A microswitch was operated
when the flap was opened. A jeweled houselight (2.8 V), which
served as the nontarget stimulus, was located in the center of the
chamber ceiling. A second light (2.8 V), which served as the target
stimulus and was placed so that it could illuminate the magazine tray
from behind, was used as the target stimulus. A speaker was located
on the ceiling of the chamber, through which a tone could be deliv-
ered (although this was not used in Experiment 1). The tone stimulus
was a broadband signal, ranging up to 16 kHz, with peaks at 3 kHz
and 500 Hz. It had an intensity of 88 dB(A)—that is, 20 dB(A) above
background. Other than the visual stimuli, the chamber was not illu-
minated during the course of the experiment.

Procedure. The subjects were divided into four groups (n = 8).
Phase 1 lasted for 12 sessions. During each of these sessions,
Groups C/AB and A/AB were exposed to ten 30-sec presentations
of the nontarget (A) stimulus. For all the groups, the nontarget stim-
ulus (A) was the overhead houselight. The first stimulus presenta-
tion occurred after 150 sec, and thereafter the mean interstimulus
interval (ISI) was 150 sec. The other subjects received ten 30-min
exposures to the context in the absence of any programmed events.

Phase 2 consisted of four sessions. During each session of
Phase 2, Group A/AB received ten 30-sec exposures to a simulta-
neous compound comprising the target (illumination of the maga-
zine light, in all cases) and the nontarget stimuli. Group B were ex-
posed to ten 30-sec presentations of the target stimulus. The
remaining subjects received four 30-min exposures to the context in
the absence of any programmed events.

During conditioning sessions, all the groups received ten 30-sec
presentations of the target stimulus, followed immediately after its
termination by reinforcement. The first trial occurred 150 sec into
the session; the ISI was 150 sec. There were four sessions of con-
ditioning. The design of this experiment is represented schemati-
cally in Table 1.

Results and Discussion
Figure 1 displays the group-mean elevation ratios for

the four sessions of conditioning. The elevation ratio was
calculated by counting the total number of magazine en-
tries made during the CS period and dividing this num-
ber by the sum of the magazine entries made during the
CS period and the 30-sec period prior to the CS. Inspec-
tion of these data reveals that all the groups acquired the
conditioned response but that they did so at different
rates from one another. Group Cond displayed more con-
ditioned responding than did Group B, and this group
displayed higher levels of conditioned responding than
did Group A/AB. Levels of conditioning in Group C/AB
were similar to those in Group Cond.
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These data were subjected to a two-factor analysis of
variance (ANOVA), with group and session as factors. A
rejection criterion of p < .05 was adopted for this and all
subsequent analyses. This ANOVA revealed significant

main effects of group [F(3,28) = 11.26, MSe = 0.03] and
session [F(3,84) = 35.81, MSe = 0.01] and a statistically
significant interactionbetween the two factors [F(9,84) =
3.07, MSe = 0.01]. To further analyze the interaction, the
simple effect of group at each session was analyzed.These
analyses revealed a significant simple effect of group on
Sessions 3 and 4 [smallest F(3,98) = 10.07]. Tukey’s hon-
estly significant difference (HSD) tests were conductedon
these later sessions. These tests revealed significant pair-
wise differences between Group A/AB and all the other
groups and between Groups B and Cond on Session 3.
On Session 4, all pairwise comparisons were significant,
except that between Group Cond and Group C/AB.

To ensure that use of the elevation ratio was appropri-
ate, the mean number of responses in the pre-CS periods
for each session (i.e., background response rate) was cal-
culated and subjected to a two-factor ANOVA (group 3
block). This analysis revealed no statistically significant
difference between the groups (F < 1); neither was the
group 3 session interaction significant (F < 1). Thus,
there were no statistically significant differences in the
background rate of responding.

These results demonstrate the enhanced latent inhibi-
tion effect obtained in previous studies (Reed, 1995a;
Reed, Petrochilos,Upal, & Baum, 1997). That is, a block-
ing design does not reduce the extent to which latent in-
hibition is found but makes the stimulus preexposure ef-
fect somewhat larger than it would be otherwise. That
the effect is dependent on some transfer of training from
Phase 1 to Phase 2 is suggested by the results from the
group that received exposure to a nontarget stimulus that

Table 1
Schematic Representation of the Design of all Five Experiments

Phase 1 Phase 2 Phase 3
Group Preexposure Preexposure Acquisition

Experiment 1
Cond B+
B B B+
A/AB A AB B+
C/AB C AB B+

Experiment 2
A/AB A AB B+
A/AB\C A AB®Tone B+
A/A0B0 A A, B B+

Experiment 3
A/AB A AB B+
A/B A B B+
A/ABC A AB®Tone B+
A/AB– C A AB—®Tone B+

Experiment 4
A/AB A AB B+
A/ABC A AB®Tone B+
A/AB—– C A AB––––––®Tone B+

Experiment 5
A/ABC A AB®Tone B+
A/B\C A B®Tone B+
A/AB\C A AB, Tone B+
A/B\C A B, Tone B+

Figure 1. Results from Experiment 1: group-mean elevation ratios averaged over
each session. Group A/AB received exposure to the nontarget stimulus before ex-
posure to a target/nontarget simultaneous compound stimulus prior to condition-
ing. Group A/ABC received exposure to the nontarget stimulus before exposure to
a target/nontarget simultaneous compound stimulus, followed by a tone, prior to
conditioning. Group B received exposure to the target stimulus prior to condi-
tioning. Group Cond received no preexposure prior to conditioning.
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did not form part of the nonreinforced compound in
Phase 2. These subjects responded at a relatively high
rate, similar to a conditioning group. This is not surpris-
ing, since if there is little transfer between the phases,
this group is essentially an overshadowing of the latent
inhibition group (see Reed, 1991).

This enhanced latent inhibition effect is not predicted
by many accounts of latent inhibition. For example,
Lubow’s (1989) conditioned attention theory makes the
opposite prediction regarding the effect on latent inhibi-
tion of such a blocking procedure. On the other hand, the
modified associative view does predict this pattern of re-
sults. This view would suggest that there are two sources
of B–no-event learning in the group exposed to the
blocking design—one direct and the other mediated
through a second-order association of the target to the
nontarget stimulus.

EXPERIMENT 2

The present experiment compared the effects of three
stimulus preexposure treatments on subsequent condi-
tioning.The first group of rats received the enhanced la-
tent inhibition exposure treatment described above (i.e.,
A0/AB0). The second group of subjects received expo-
sure to the nontarget stimulus (A), followed by exposure
to both the nontarget (A) and the target (B) stimuli, but
not in compound with each other (i.e., A0/A0B0). Levels
of conditioning to the target (B) should be lower in the
former group than in the latter if the enhanced latent in-
hibition effect, reported previously, is to be confirmed. A
third group of rats received the enhanced latent inhibi-
tion treatment, with the addition of a salient auditory
stimulus (C), presented immediately following the com-
pound in Phase 2 (i.e., A0/ABC). If the results of Holland
(1980) were to be extended to the present paradigm, pre-
sentation of such a stimulus (C) following the compound
(AB) should disrupt the formation of within-compound
associations.This disrupter should prevent the formation
of strong second-order associations between B and A
and should reduce the extent to which B becomes asso-
ciated with no event as a result of such conditioning. In
turn, this should lead to a lesser degree of latent inhibi-
tion (i.e., greater levels of conditioning) when B is sub-
sequently conditioned.

Method
Subjects and Apparatus. Twenty-four experimentally naive

male Sprague-Dawley rats were used in the present experiment. The
subjects were all 4–5 months old at the start of the experiment, had
a free-feeding body weight range of 330– 485 g, and were main-
tained as described in Experiment 1. The apparatus was that de-
scribed in Experiment 1.

Procedure. The subjects were divided into three equal groups
(n = 8). Phase 1 lasted for 12 sessions. During each of these ses-
sions, all the groups were exposed to ten 30-sec presentations of the
nontarget (A) stimulus. For all the groups, the nontarget stimulus
(A) was the overhead houselight. The first stimulus presentation
occurred after 150 sec, and thereafter, the mean ISI was 150 sec.

Phase 2 consisted of four sessions. During each session of
Phase 2, Group A/AB received ten 30-sec exposures to a simulta-
neous compound comprising the target (illumination of the maga-
zine light) and the nontarget (houselight) stimuli. Group A/ABC

similarly was exposed to a simultaneous compound, comprising the
target and nontarget stimuli. However, each time the compound
stimulus was terminated, this group received a 2-sec presentation of
the auditory stimulus (tone). Group A/A0B0 received four sessions
of nonreinforced exposure to both stimuli, but presented separately
from one another. Thus, in a session, the subjects in Group A/A0B0

received ten 30-sec exposures to the overhead light stimulus and ten
30-sec exposures to the magazine light stimulus (for Group
A/A0B0, the two stimuli were on independent f ixed-time,75-sec
schedules of presentation). The first stimulus presentation for the
above three groups occurred 150 sec into the session; all the subse-
quent ISIs were 150 sec, except for Group A/A0B0, for which the
ISI was 75 sec.

During conditioning sessions, all groups received ten 30-sec pre-
sentations of the target stimulus, followed immediately after its off-
set by reinforcement. The first trial occurred 150 sec into the session,
and the ISI was 150 sec. There were four sessions of conditioning.

Results and Discussion
Figure 2 displays the group-mean elevation ratios for

the four sessions of conditioning. The elevation ratio was
calculated as described in Experiment 1. Inspection of
these data reveals that all the groups acquired the condi-
tioned response but that they did so at different rates
from one another. Groups A/A0B0 and A/ABC typically
displayed more conditioned responding than did Group
A/AB.

Figure 2. Results from Experiment 2: group-mean elevation
ratios averaged over each session. Group A/AB received exposure
to the nontarget stimulus before exposure to a target/nontarget si-
multaneous compound stimulus prior to conditioning. Group
A/ABC received exposure to the nontarget stimulus before expo-
sure to a target/nontarget simultaneous compound stimulus, fol-
lowed by a tone, prior to conditioning. Group A/A0B0 received ex-
posure to the nontarget stimulus, then to the nontarget and target
stimuli separately from one another.
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These data were subjected to a two-factor ANOVA
(group 3 session) that revealed no main effect of group
(F < 1) but a significant main effect of session [F(3,63) =
6.08, MSe = 0.01] and a significant interaction between
the two factors [F(6,63) = 5.56, MSe = 0.01]. An analy-
sis of the simple effect of group on each session revealed
a significant difference between the groups on Session 3
[F(2,34) = 2.25] and on Session 4 [F(2,34) = 6.00]. On
both of these sessions, Tukey’s HSD tests revealed that
Groups A/A0B0 and A/ABC each had higher elevation ra-
tios than did Group A/AB.

To ensure that use of the elevation ratio was appropri-
ate, the mean number of responses in the pre-CS periods
for each session (i.e., background response rate) was
calculated and subjected to a two-factor ANOVA (group
3 block). This analysis revealed no statistically signifi-
cant difference between the groups (F < 1); neither was
the group 3 session interaction significant (F < 1). Thus,
there were no statistically significant differences in the
background rate of responding; these scores were 1.9 for
Group A/AB, 2.4 for Group A/ABC, and 2.3 for Group
A/A0B0.

The modified associative interference account ap-
pears to be corroborated by the present results with re-
spect to the effect of the salient extracompoundstimulus.
When a salient stimulus was presented following the com-
pound stimulus in Phase 2, subsequent conditioning of
the target proceeded more rapidly than when the salient
stimulus was not presented following the compound.Ac-
cording to the results of Holland (1980), presentation of
such a salient stimulus following a compound stimulus
should disrupt the formation of within-compound asso-
ciations. If this disruption of within-compound associa-
tions had occurred in the present experiment, less latent
inhibition might have been predicted for the group with
the extracompound tone, relative to that noted in the
standard enhanced latent inhibition treatment. In the for-
mer group, there would be a weaker B–A association
(owing to disruption of the within-compound associa-
tions), which would lead to less conditioning of B to no
event, via a second-order association through the non-
target (A).

EXPERIMENT 3

Since the results from the preceding experiment had
some importance for the various theories concerning la-
tent inhibition, it seemed important to illuminate the
basis of enhanced latent inhibition and its disruption. To
this end, Experiment 3 included two of the groups from
Experiment 2 (A/AB and A/ABC) in order to corrobo-
rate that the extracompound stimulus would disrupt the
enhanced latent inhibition. A group receiving exposure
to the nontarget (A) prior to exposure to the target (B)
was included to establish the presence of enhanced la-
tent inhibition (A/B). In addition, a fourth group, in-
cluded by Holland (1980) in the study of the effects of

salient stimuli on within-compound associations, was in-
cluded in the present study. This group received the
salient extracompound cue following the compound, as
for the above A/ABC group, but the presentation of the
extra stimulus (C) was delayed by 5 sec following the
compound termination. In the study reported by Hol-
land, such a temporal delay between the compound and
the following salient stimulus was sufficient to attenuate
the disruptive effect of the extracompound stimulus. If
such an effect were to be noted in the present procedure,
the fourth group (A/AB– C) should show levels of latent
inhibitionsimilar to those for the group not receiving the
cue.

Method
Subjects. Thirty-two experimentally naive male Sprague-Dawley

rats served in the present experiment. All the rats were 3–4 months
old at the start of the study, had a free-feeding body weight range
of 325– 430 g, and were maintained as described in Experiment 1.
The apparatus was that described in Experiment 1.

Procedure. The procedure for Groups A/AB and A/ABC was
identical to that described in Experiment 2. Group A/AB– C re-
ceived identical treatment to that described for Group A/ABC, ex-
cept that the extracompound stimulus (C) was presented 5 sec after
the termination of the compound stimulus (AB) in Phase 2. Group
A/B received the same Phase 1 treatment as all of the other groups,
but in Phase 2 received only the presentations of the target stimu-
lus (B). All other details of the experimental procedure were as de-
scribed in Experiment 2.

Results and Discussion
Figure 3 displays the group-mean elevation ratios for

each session during conditioning. The elevation ratio
was calculated as described in Experiment 1. Inspection
of these data reveals that all the groups acquired the con-
ditioned response over the course of training. However,
Group A/ABC had the highest elevation ratio of all the
four groups, followed by Group A/AB– C. By the end of
training, Group A/B had a greater elevation ratios than
Group A/AB, which had the lowest elevation ratio of all
four groups.

These data were subjected to a two-factor ANOVA
(group 3 block), which revealed a statistically signifi-
cant main effect of group [F(3,28) = 3.58, MSe = 0.02]
and a significant main effect of session [F(3,84) = 16.15,
MSe = 0.01] but no significant interaction between the
two factors (F < 1). Owing to the absence of an inter-
action, these data were collapsed across sessions, and
this procedure revealed group-mean elevation ratios of
.54 for Group A/AB, .62 for Group A/B, .67 for Group
A/ABC, and .63 for Group A/AB– C. Tukey’s HSD tests
conducted on these group means revealed that Groups
A/B, A/ABC, and A/AB– C each had a higher elevation
ratio than did Group A/AB but that no other pairwise dif-
ferences were significant.

To ensure that use of the elevation ratio was appropri-
ate, the mean number of responses in the pre-CS periods
for each session (i.e., background response rate) was cal-
culated. These scores were subjected to a two-factor
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ANOVA (group 3 block). This analysis revealed no sta-
tistically significant difference between the groups (F <
1); neither was the group 3 session interaction signifi-
cant (F < 1). Thus, there were no statistically significant
differences in the background rate of responding in this
experiment. The mean rate of responding in the pre-CS
periods, collapsed over all sessions, was 1.9 for Group
A/AB, 1.9 for Group A/ABC, 2.1 for Group A/B, and 2.6
for Group A/AB– C.

These results confirm that enhanced latent inhibition
can be obtained relative to a simple latent inhibitioncon-
trol; Group A/AB had a lower elevation ratio than did
Group A/B (Reed, 1995a). Also, presentationof a salient
cue following a compound stimulus attenuates the level
of latent inhibition observed following an enhanced la-
tent inhibition exposure procedure. This aspect of the re-
sult replicates the finding reported in Experiment 2 and
provides some confirmation of the predictions from the
modified associative view of latent inhibition (Reed,
1995a). However, delaying the presentationof the salient
cue following offset of the compound stimulus by 5 sec
did not appear to have any effect on the attenuation of
enhanced latent inhibition. The group that received the
delayed extracompound stimulus conditioned as rapidly
as the group that received the immediate extracompound
stimulus. These results are not predicted by the modified
associative view outlined above and do not appear to fol-

low the pattern of results reported by Holland (1980). In
the latter study, such a delayed stimulus did not disrupt
the formation of within-compound associations (or the
within-compound view may be incorrect). The modified
associative interference view of latent inhibitionsuggests,
on this basis, that the delayed-stimulus treatment condi-
tion would not attenuate the enhanced latent inhibition
effect, since it would not disrupt the within-compound
cues, and it would leave the second-order B–A associa-
tion intact during Phase 2.

EXPERIMENT 4

It could be, of course, that the 5-sec delay between the
compound stimulus termination and the presentation of
the extracompound salient stimulus in the present Ex-
periment 3 was not long enough for the effects of a par-
ticularly loud salient disrupter to be dissipated. To es-
tablish whether or not the delay of 5 sec was too short to
terminate the disruptive effect of the stimulus, in Exper-
iment 4 a 10-sec delay between the compound termina-
tion and the presentation of the disrupter stimulus was
used. If such a delay were to be effective in attenuating
the effects of the extracompound cue, the group receiv-
ing this stimulus (A/AB—C) should show levels of latent
inhibition similar to those of the group not receiving the
cue (A/AB) and should condition less quickly than a

Figure 3. Results from Experiment 3: group-mean elevation ratios averaged over each
session. Group A/AB received exposure to the nontarget stimulus before exposure to a target/
nontarget simultaneous compound stimulus prior to conditioning. Group A/ABC received
exposure to the nontarget stimulus before exposure to a target/nontarget simultaneous com-
pound stimulus, followed by a tone, prior to conditioning. Group A/B received exposure to
the nontarget stimulus, then to the target stimulus. Group A/AB–C received exposure to the
nontarget stimulus before exposure to a target/nontarget simultaneous compound stimu-
lus, followed 5 sec later by a tone, prior to conditioning.
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group receiving a stimulus immediately on termination
of the compound (A/ABC).

Method
Subjects. Twenty-four experimentally naive male Sprague-Dawley

rats served in the present experiment. All the rats were 3–4 months
old at the start of the study, had a free-feeding body weight range
of 345– 415 g, and were maintained as described in Experiment 1.
The apparatus was that described in Experiment 1.

Procedure. The procedure for Groups A/AB and A/ABC was
identical to that described in Experiment 3. Group A/AB—C re-
ceived identical treatment to that described for Group A/ABC, ex-
cept that the extracompound stimulus (C) was presented 10 sec
after the termination of the compound stimulus (AB) in Phase 2.
With the exception of the omission of Group A/B, all other details
of the experimental procedure were as described in Experiment 2.

Results and Discussion
Figure 4 displays the group-mean elevation ratios for

each session during conditioning. The elevation ratio
was calculated as described in Experiment 1. Inspection
of these data reveals that all the groups acquired the con-
ditioned response but that, by the end of training, Group
A/ABC had a greater elevation ratio than did either
Group A/AB or Group A/AB—C.

These data were subjected to a two-factor ANOVA
(group 3 block), which revealed no statistically signifi-
cant main effect of group (F < 1) but a significant main
effect of session [F(3,63) = 12.30, MSe = 0.01] and a
marginally significant interaction between the two fac-

tors [F(6,63) = 2.00, MSe = 0.01, .08 > p > .07]. An
analysis of the simple effect of group on each session re-
vealed a significant difference on Sessions 3 and 4
[smallest F(3,63) = 2.23]. Tukey’s HSD tests conducted
on these sessions revealed that both Group A/AB and
Group A/AB—C differed from Group A/ABC. No other
pairwise differences were significant.

To ensure that use of the elevation ratio was appropri-
ate, the mean number of responses in the pre-CS periods
for each session (i.e., background response rate) was cal-
culated. These scores were subjected to a two-factor
ANOVA (group 3 block). This analysis revealed no sta-
tistically significant difference between the groups (F <
1); neither was the group 3 session interaction signifi-
cant ( p > .30). Thus, there were no statistically signifi-
cant differences in the background rate of responding in
this experiment. The mean rates of responding in the
pre-CS periods, collapsed over all sessions, were 1.1 for
Group A/AB, 1.2 for Group A/ABC, and 1.1 for Group
A/AB—C.

These results confirm that presentation of a salient
cue following a compound stimulus attenuates the level
of latent inhibition noted following an enhanced latent
inhibition exposure procedure. However, delaying the
presentation of the salient cue following offset of the
compound stimulus by 10 sec was enough to attenuate
the effect of the salient stimulus; latent inhibition ap-
peared to accrue just as strongly in a group that received

Figure 4. Results from Experiment 4: group-mean elevation ratios averaged over each
session. Group A/AB received exposure to the nontarget stimulus before exposure to a
target/nontarget simultaneous compound stimulus prior to conditioning. Group A/ABC

received exposure to the nontarget stimulus before exposure to a target/nontarget simul-
taneous compound stimulus, followed by a tone, prior to conditioning. Group A/AB–C re-
ceived exposure to the nontarget stimulus before exposure to a target/nontarget simulta-
neous compound stimulus, followed 10 sec later by a tone, prior to conditioning.
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this delayed extracompound cue as it did in a group not
receiving the extracompound stimulus. The results from
this experiment suggest that the delay between the com-
pound stimulus (AB) and the salient stimulus (C) used in
the present Experiment 3 was not long enough for the ef-
fects of the salient disrupter to be dissipated. The 10-sec
delay used in Experiment 4, on the other hand, appeared
to be long enough that any disruptive effect of the extra-
compound stimulus was attenuated.The difference in the
length of time needed to overcome the within-compound
disruption between the present report and that noted by
Holland (1980) more than probably reflects the very dif-
ferent procedures involved: second-order conditioning
in the study by Holland stimulus preexposure in the pre-
sent report.

EXPERIMENT 5

In the previous experiments, it has been suggested that
a salient event presented after a nonreinforced compound
stimulus disrupted the formation of within-compound
associations. This disruption presumably limited the
growth of a target–no-event association by reducing the
strength of the second-order association between the
target and the no-event representation mediated through
the target–nontarget association. However, it should be
noted that the designs used in the previous experiments
do not necessarily show that the distractor specifically
affects the target–nontarget association. It could be that
the salient cue would reduce latent inhibition when pre-
sented after the target stimulusalone (i.e., BC). If the salient
cue disrupts simple latent inhibition, as it sometimes
does (Lubow, Schnur, & Rifkin, 1976), there would be
no need to appeal to the disruption of within-compound
associations to explain the results reported above.

To test this possibility, the present experiment em-
ployed four groups: an enhanced latent inhibition group
(A/AB\C), a disruption of enhanced latent inhibition
group (A/ABC), a simple latent inhibitiongroup (A/B\C),
and a group to assess the effect of a salient cue (C) fol-
lowing the target in simple latent inhibition (A/BC). To
assess the degree to which the salient cue disrupted per-
formance per se, the standard latent inhibition and en-
hanced latent inhibition groups had the same number of
salient cues as that received by the two disrupted groups
presented during Phase 2, but the salient cues were pre-
sented randomly with respect to the target stimulus or
compound. If the salient cue disrupts enhanced latent in-
hibition owing to its impact on within-compound asso-
ciations, Group A/AB\C should show the lowest levels of
conditioning, with all of the other groups showing higher
levels of conditioning than does this group.

Method
Subjects and Apparatus. Forty-eight experimentally naive male

Sprague-Dawley rats served in the present experiment. All the rats
were 3–4 months old at the start of the study, had a free-feeding

body weight range of 360– 450 g, and were maintained as described
in Experiment 1. The apparatus was that described in Experiment 1.

Procedure. The procedure for Groups A/ABC was identical to
that described in Experiment 2. Group A/BC received treatment
identical to that of the former group, except that only the target
stimulus was presented, followed by the salient cue, during Phase 2.
Groups A/AB\C and A/B\C received treatment identical to that de-
scribed for Groups A/ABC and A/BC, respectively, except that the
2-sec extracompound stimulus (C) was on a variable-time 180-sec
schedule, with the constraint that there were 10 presentations of this
stimulus per session. All other details of the procedure were as de-
scribed in Experiment 2, except that there were six conditioning
sessions.

Results and Discussion
Figure 5 displays the group-mean elevation ratios for

each session during conditioning. The elevation ratio
was calculated as described in Experiment 1. Inspection
of these data reveals that all the groups acquired the con-
ditioned response over the course of training but did so
at different rates. Group A/AB\C had the lowest elevation
ratio of all four groups in the experiment, with the other
groups coming to have similar rates to each other by the
end of training.

These data were subjected to a two-factor ANOVA
(group 3 block), which revealed a statistically significant
main effect of group [F(3,43) = 3.81, MSe = 0.06] and a
significant main effect of session [F(5,215) = 17.04,
MSe = 0.02] but no significant interaction between the
two factors ( p < .10). The elevation ratios were collapsed
across the sessions. This produced mean elevation ratios
of .53 for Group A/AB\C, .60 for Group A/AB\C, .64 for
Group A/B\C, and .64 for Group A/BC. Tukey’s HSD
tests revealed that Group A/AB\C had a lower elevation
ratio than did each of the other groups. No other pair-
wise differences were significant.

To ensure that use of the elevation ratio was appropri-
ate, the mean number of responses in the pre-CS periods
for each session (i.e., background response rate) was cal-
culated. These scores were subjected to a two-factor
ANOVA (group 3 block). This analysis revealed no sta-
tistically significant difference between the groups ( p >
.30); neither was the group 3 session interaction signif-
icant (F < 1). Thus, there were no statistically significant
differences in the background rate of responding in this
experiment. The mean rates of responding in the pre-CS
periods, collapsed over all sessions, were 2.4 for Group
A/AB\C, 2.2 for Group A/ABC, 2.2 for Group A/B\C, and
2.9 for Group A/BC.

These results replicate those already presented with
respect to the influence on enhanced latent inhibition of
a salient stimulus presented immediately following a
compound stimulus; such a treatment attenuated the en-
hanced latent inhibitioneffect. No such attenuationof the
effect was noted in a group that received a salient stimu-
lus that was presented randomly with respect to the com-
pound. This result suggests that the attenuationof the en-
hanced latent effect was not the result of any nonspecific
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effects of thep tone (a finding that is also corroborated
by the results of Experiment 4, in which a group receiv-
ing a delayed tone displayed enhanced latent inhibition).

The results also show that a salient cue presented after
the target stimulus alone did not result in any disruption
of latent inhibition. Groups A/B\C and A/BC produced
identical levels of conditioning to one another, and both
produced greater levels of conditioning than did the en-
hanced latent inhibitiongroup. These results suggest that
the salient cue presented after a nonreinforced compound
AB stimulus presentation may well serve to disrupt the
formation of within-compound associations and, hence,
to limit the growth of an association between the target
and no event mediated through the target–nontarget as-
sociation.

GENERAL DISCUSSION

Enhanced levels of latent inhibition were generated
following a blocking preexposure—that is, exposure to a
nonreinforced nontarget stimulus, followed by exposure
to a nonreinforced target/nontarget compound. The re-
tardation in conditioning noted after this treatment was

greater than that noted when nonreinforced exposure
was given to the target alone (Experiment 1) or to the
nontarget followed by the target alone (Experiment 2).
This effect emerged only when the nontarget member of
the compound stimulus had been presented in Phase 1
(Experiment 1) and when the two stimuli were presented
in compound with one another, rather than randomly
with respect to one another (Experiment 2). These data
confirm and extend previous demonstrations of the en-
hanced latent inhibition effect (see Reed, 1995a, 1995b;
Reed et al., 1999; Reed et al., 1997).

One view of this effect assumes that latent inhibition is
the result of associative interference (Hall et al., 1985;
Killcross & Balleine, 1996) and that all latent inhibition
effects may be explainedby invokingstandard associative
interference principles. For example, during simple non-
reinforced preexposure, a stimulus–no-event association
is formed that interferes with subsequent stimulus–event
learning during conditioning. In the enhanced latent in-
hibition treatment, during the first phase of the A0/AB0

preexposure treatment (i.e., A0), a nontarget–no-event
association is formed. In the compound stimulus exposure
phase (i.e., AB0), the subjects acquire a target–no-event

Figure 5. Results from Experiment 5: group-mean elevation ratios averaged over each
session. Group A/ABC received exposure to the nontarget stimulus before exposure to a
target/nontarget simultaneous compound stimulus, followed by a tone, prior to condi-
tioning. Group A/AB\C received exposure to the nontarget stimulus before exposure to a
target/nontarget simultaneous compound stimulus, as well as to ten 2-sec tones presented
randomly with respect to the compound. Group A/BC received exposure to the nontarget
stimulus before exposure to a target stimulus, followed by a tone, prior to conditioning.
Group A/B\C received exposure to the nontarget stimulus before exposure to a target.
Group A/ABC received exposure to the nontarget stimulus before exposure to a target/
nontarget simultaneous compound stimulus, followed by a tone, prior to conditioning.
Group A/AB\C received exposure to the nontarget stimulus before exposure to a target/
nontarget simultaneous compound stimulus, as well as to ten 2-sec tones presented ran-
domly with respect to the compound.
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association (B®0), and also a target–nontarget (B®A)
association. The latter association enhances learning
about the target and no event through second-order con-
ditioning (B®A®0) and produces greater latent inhibi-
tion than in conditions in which only direct (B®0) asso-
ciations are formed.

In the present experiments, we sought to explore
whether such putative second-order stimulus–no-event
associations were formed under conditions similar to
those for second-order associations involving such
events as food. Holland (1980) noted that second-order
conditioning was disrupted if a salient event followed the
compound stimulus but was not disrupted when no such
stimulus occurred. This latter circumstance is precisely
that which prevails during compound stimulus preexpo-
sure procedures but does not occur in standard condi-
tioning blocking experiments that follow a compound
stimulus with a US. This finding suggests a reason that
second-order conditioning results in enhanced latent in-
hibition but does not play such a dominant role in stan-
dard conditioningprocedures (where the converseeffect—
namely, blocking—dominates).

If enhanced latent inhibition is based on second-order
conditioning of a B–A association, it should be disrupted
by a salient stimulus presented immediately after the
compound termination. This effect was noted in all of
the experiments reported in the present series. Moreover,
as in the study reported by Holland (1980), a delay be-
tween the termination of the compound stimulus and the
presentation of the distractor was found to attenuate the
disruptive effect of the latter cue on second-order condi-
tioning (Experiment 4). This was not the result of gen-
eral disruption caused by the loud tone distractor, since
a randomly presented tone distractor in Experiment 5 (as
well as a tone presented only a short time following com-
pound offset in Experiment 3) failed to disrupt the en-
hanced latent inhibition effect.

Taken together, these results are consistent with an as-
sociative interference view of latent inhibition and en-
hanced latent inhibition.They suggest that a simple exten-
sion of the laws of association, already documented for
event learning (e.g., Holland, 1980), will suffice to ex-
plain these stimulus preexposure phenomena. However,
there are a couple of important caveats to these sugges-
tions. First, it should be noted that there was no indepen-
dent assessment of the strength of the within-compound
associations in the present experiments. Although the
pattern of data supports the within-compound associa-
tion view of the effects, such an assessment would add
strength to the argument.

Second, once it is accepted that second-order condi-
tioning plays a role during stimulus preexposure proce-
dures, this allows that the second-order conditioning
could be of inattention, as is suggested by the condi-
tioned attention theory put forward by Lubow (1989). It
could be that inattention conditions to the nontarget
stimulus (A) during the first phase of the treatment. Inat-

tention also will accrue to the target (B) during the com-
pound phase, by both direct conditioning and second-
order conditioning through A. The distractor stimuli may
well serve to disrupt this process, as was outlined above.
However, it is harder for the conditionedinattentionview
to explain the extinctionof enhanced latent inhibitionef-
fects noted by Reed et al. (1997). Similarly, it could be
that attentionalviews could accommodate the present re-
sults (e.g., Hall & Honey, 1988). Presentation of the tar-
get in compound with the already habituated nontarget
may allow greater attentional processing of the target
during the compound stimulus phase than would other-
wise have occurred. This would result in greater latent
inhibition. The presentation of a salient distractor may
disrupt this process and reduce the amounts of latent in-
hibition to the target. Again, although this account is
plausible, it has more difficulty with the extinctionof la-
tent inhibition data reported by Reed et al. (1997). Fi-
nally, according to the SOP model proposed by Wagner
(1981), prior exposure to the nontarget stimulus will
allow the formation of a context–nontarget association.
Owing to the context’s priming the nontarget representa-
tion into the A2 memory state, the nontarget will not
subsequently disrupt processing of a context–target as-
sociation in the A1 state. The target will subsequently be
primed into A2 by the context, and the formation of a
target–US association will be impeded. However, it is
unclear how enhanced latent inhibition would be pre-
dicted from this view.

An alternate framework in which to discuss these re-
sults is suggest by consideration of the Lubow A–B effect
(e.g., Lubow et al., 1976). Here, a target stimulus is fol-
lowed by a second stimulus during preexposure, and the
target conditions rapidly after such treatment. Lubow,
Weiner, and Schnur (1981) interpret this as a result of the
conditioned attention’s being maintained to the target as
a result of the presence of the second stimulus (although
there are other interpretations available; see Kaye, Swi-
etalski, & Mackintosh, 1988). The present enhanced la-
tent inhibition finding could be considered to be the re-
sult of an attenuation of this A–B effect. Prior exposure
to the nontarget (A) reduces its ability to maintain atten-
tion to the target (B) when they are presented in com-
pound. However, this view does not explain the finding
that exposure to A/AB results in enhanced latent inhibi-
tion, rather than merely attenuating the development of
a smaller latent inhibition effect. That is, according to
the above A–B view, preexposure to A retards its ability
to maintain attention to B in the AB phase. This should
allow latent inhibition to accrue to B as normal. There
were numerous studies reported by Reed et al. (1997)
that tested whether the pairing of a new salient distrac-
tor with the target would enhance latent inhibition(or re-
tard the A–B effect). None of these was found to be as
effective as the enhanced latent inhibition treatment. Fi-
nally, one observation reported in Experiment 5 does not
concur with this view. When the target stimulus was pre-
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sented alone and was followed by a salient tone, it did
not retard the development of latent inhibition, as would
be predicted on this view. In fact, this is not the only fail-
ure to demonstrate the A–B effect (see Honey & Hall,
1988). It may well be that the present experiment does
not use the appropriate parameters for this effect to be an
issue.

Given the above, it is unclear that any other contempo-
rary view of latent inhibitioncan easily accommodate the
entire pattern of results obtained from enhanced latent in-
hibition procedures. To the extent the modified associa-
tive interference view accommodates the data, it seems a
plausible candidate as an explanation of stimulus pre-
exposure effects. However, the associative interference
view is not without its own problems. It holds that during
nonreinforced preexposure, a stimulus–no-event associ-
ation is formed. Given this, it is unclear why a latent in-
hibited stimulus does not pass a summation test for con-
ditioned inhibition.

Many of the views proposed for latent inhibitioneffects
can be modified to accommodate most of the data pre-
sented in such experiments.However, very few accommo-
date all of the data without significantchangeor problems.
Irrespective of which, if any, of these views ultimately
proves to be correct, it is clear that stimulus preexposure
effects appear to be subject to influences highly similar to
those for conditioning effects, and any view needs to ac-
commodate both, perhaps within the same terms.
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