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US preexposures retard excitatory and facilitate
inhibitory conditioning of the rabbit's

nictitating membrane response

MICHAEL E. SALADIN and ROBERT W. TAIT
University of Manitoba, Winnipeg, Manitoba, Canada

Two experiments were conducted to examine the effects of US preexposure on differential con­
ditioning of the rabbit's nictitating membrane response. Both experiments consisted of three
phases: a 10-day US preexposure phase, a 7-day differential conditioning phase, and a 3-day
retardation of learning test for inhibition. In Experiment 1, US preexposures retarded the de­
velopment of excitation to CS+ but facilitated the development of inhibition to CS-. In Experi­
ment 2, half of the preexposed subjects received the preexposures in one experimental environ­
ment and differential conditioning in a second environment. The remaining preexposed subjects
received both phases in a single environment. Retarded excitatory and facilitated inhibitory con­
ditioning were observed only in the preexposed subjects that received both phases in the same
environment. Rabbits that received a context shift performed at control levels. The results are
discussed in terms of current theories of US preexposure effects, and the best account was provided
by a modified associative theory.

Explanatory models of the observation that precondi­
tioning exposure to a US reliably retards subsequent dis­
crete trial acquisition involving that US have taken two
forms (see Randich& LoLordo, 1979). In general, models
invoke either nonassociative or associative mechanisms
(Baker, Mercier, Gabel, & Baker, 1981; Hinson, 1982;
Randich & LoLordo, 1979). Nonassociative models em­
phasize the effects of US preexposure on US-UR reac­
tions, whereas associative models focus on changes in the
processing of discrete signals that result when a US is
presented alone.

Two nonassociative models have been posited. Adap­
tational accounts (Macdonald, 1946; Taylor, 1956)main­
tain that pretreatment exposure to a US reduces the sub­
ject's responsiveness to the US. With the weakening of
the US-UR reaction, the US becomes less functional, and
hence subsequent conditioning proceeds at a slower rate.
On the other hand, opponent-process models (LoLordo
& Randich, 1981; Solomon & Corbit, 1974) postulatethat
preconditioningexperience with a US leads to the develop­
ment of a secondary endogenous hedonic process which
opposes the primary hedonic consequence elicited by the
US. The integration over time of the two opponent
processes has the consequence of reducing the net hedonic
effectiveness of the US and thereby retarding ensuing ex­
citatory conditioning.

Associative models also take two general forms. Cog­
nitive theories assert that during the US preexposure
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phase, subjects learn something about US occurrence that
produces a change in the "processing" of the US. Sub­
jects may learn to ignore the US (Mackintosh, 1975), that
the US is irrelevant (Mackintosh, 1973), or that the US
is neither predictable nor controllable (Baker et al., 1981;
Maier & Seligman, 1976). Whatever the mechanism, the
initial learning about US occurrence is thought to inter­
fere proactively with the acquisition of subsequent CS­
US relationships (Baker et al., 1981). In contrast, the con­
text blocking (Mis & Moore, 1973; Randich & LoLordo,
1979; Tornie, 1976; Tornie, Murphy, Fath, & Jackson,
1980) and scalar expectancy (Gibbon & Balsam, 1981)
accounts assert that during US preexposures, the context
becomes a signal for the occurrence of the US. The con­
text blocking model posits that the presentation of an un­
signaled US in a context results in an excitatory associa­
tion between the context and the US. Subsequently, when
a discrete signal for the US is introduced into the con­
text, the discrete CS competes with the context for the
associative strength that the US supports (Rescorla &
Wagner, 1972). If sufficient US preexposures have oc­
curred, then the context will have acquired the majority
of the associative strength. As a consequence, the con­
text "blocks" (Kamin, 1968, 1969) the development of
associative strength to the discrete CS and retarded ac­
quisition will be observed. Although the contextual block­
ing account asserts that US preexposure exerts its in­
fluence by retarding the development of associative
strength, scalar expectancy theory (Gibbon & Balsam,
1981)argues that performance, not learning, is interfered
with by the contextual conditioning that occurs during US
preexposures. For scalar expectancy theory, performance
to a discrete CS occurs only if the CS generates a greater
expectancy of US occurrence than does the context. Since
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US preexposures are thought to result in a high level of
expectancy for the US in the context, a large number of
CS-US pairings would be required to produce a greater
US expectancy to the CS. Hence, retarded CR perfor­
mance would be observed after US preexposures.

Although all models predict that excitatory condition­
ing is retarded after US preexposures, differences emerge
in their predictions regarding the effects of US preex­
posure on subsequent inhibitory conditioning. Since the
adaptational accounts assert that the effectiveness of the
US is reduced by US preexposures and the cognitive ac­
counts indicate that processing of the US is reduced, both
models predict that the US's capacity to reinforce all CS­
US relationships would be degraded. Accordingly, acqui­
sition of inhibitory as well as excitatory processes should
be retarded by US preexposures.

Conversely, opponent-process, context blocking, and
scalar expectancy theories would expect, albeit by differ­
ent mechanisms, facilitated inhibitory acquisition follow­
ing US preexposures. For opponent-process theory, in­
hibitory conditioning results if a CS is paired with the US's
hedonically opposite process (Solomon & Corbit, 1974).
Since the US's hedonically opposite process is believed
to be strengthened during US preexposures, US-preexposed
subjects should have stronger hedonic opposites than non­
preexposed subjects, and therefore should acquire inhibi­
tion more rapidly. For the context blocking model, an ex­
tension of the analogy to the Rescorla-Wagner theory would
be the adoption of the theory's necessary conditions for
the establishment of associative inhibition: the occurrence
of a discrete stimulus in the absence of the US in a context
that has an excitatory association with the US (Wagner &
Rescorla, 1972). If US preexposures produce an excita­
tory context (Randich & LoLordo, 1979; Tomie et al.,
1980), then US-preexposed subjects would commence in­
hibitory conditioning in an already excitatory context
whereas nonpreexposed subjects would begin in a neutral
context. Facilitated inhibitory conditioning should result
for the preexposed subjects. A similar argument can be
advanced from scalar expectancy theory. If inhibition
results when the expectation of the US in the presence of
a CS is much lower than the US expectation in the con­
text, then preexposed subjects that have established an ex­
pectancy of the US in the context should acquire inhibi­
tion more rapidly than nonpreexposed subjects which
initially lack this expectancy.

Hinson (1982, Experiment 4) provided the initial
delineation of the effects of US preexposure on inhibi­
tory conditioning. Hinson found that backward condition­
ing of the rabbit's eyelid response was more inhibitory
if the backward conditioning was preceded by US preex­
posures. Although Hinson (1982) interpreted his results
as being most consistent with the context blocking model,
the results are also consistent with both scalar expectancy
and opponent-process models. In particular, the use of
backward conditioning would be optimal from an
opponent-process perspective, since the backward CS oc-

curs near the expected temporal maximum strength of the
US's hedonically opposite process.

The purpose of Experiment 1 was to confirm Hinson's
(1982) observation that US preexposure facilitates sub­
sequent inhibitory conditioning and to extend his obser­
vation to a second inhibitory conditioning paradigm,
differential conditioning (Moore, 1972; Pavlov, 1927; Re­
berg & Black, 1969; Wessels, 1973). Experiment 2 exa­
mined the effect of a context shift between the US preex­
posure phase and the inhibitory conditioning phase. If
facilitated inhibition results from associative processes in­
volving the context, then a shift in context should eliminate
the facilitation of inhibition. On the other hand, if facili­
tated inhibition results from an enhanced hedonic oppo­
site, the shift in context should have no effect.

EXPERIMENT 1

If a common process during US preexposures is respon­
sible for both retarded excitatory (Randich & LoLordo,
1979) and facilitated inhibitory (Hinson, 1982) condition­
ing, then the simultaneous occurrence of both effects
should be observed in the same subject. Experiment 1 was
designed to identify both effects by employing differen­
tial conditioning of the rabbit's nictitating membrane
response. The effects of US preexposure on excitatory
conditioning were measured by monitoring CRs on CS+­
US trials. The effects of US preexposure on inhibitory
conditioning were measured by monitoring the respond­
ing to CS- and, after the differential conditioning phase
was completed, by applying a retardation oflearning test
for inhibition. A group that received only differential con­
ditioning was included to detect the effects of US preex­
posure, and a novel CS control group was included to con­
firm that inhibition was acquired.

The selection of the retardation of learning test was
made on the basis of Williams and Tait's (1983) obser­
vation that differential conditioning of the rabbit's nic­
titating membrane response using tone, click, or airpuff
CSs yielded substantial levels of inhibition when subse­
quently assessed with either summation or retardation of
learning tests. In the present experiment, use of a sum­
mation test would require the pairing of a third CS with
the US either before or after the US preexposure phase.
Either procedure might interact with the processes oper­
ating during differential conditioning to mask the effects
of US preexposure on acquisition to the CS+ and CS-. Ac­
cordingly, a retardation of learning test was chosen in
order to minimize possible interpretive problems.

Method
Subjects. Forty-eight naive male and female New Zealand white

rabbits, weighing between 2.0 and 3.0 kg, were obtained from the
Kleefeld Rabbitry in Tourond, Manitoba. All subjects were housed
in separate 60 x 45 em wire-mesh cages and were given free ac­
cess to food and water.

Apparatus. Conditioning of the rabbit's nictitating membrane
response was conducted in an apparatus that has been described



elsewhere (Gormezano, 1966). Each subject was placed in a Plex­
iglas restraining box; the head was fixed in position by foam pin­
nae clamps; the right eyelids were held open by Newey tailor hooks
attached to a bipartite Velcro strip that was adjusted to fit securely
around the rabbit's head; and a headmount was tightly positioned
over the rabbit's snout. The piano-wire armature of a 10K microtor­
que potentiometer that was fixed to the headmount was coupled to
a previously implanted 2.Q-mm loop of00 Ethicon suture by means
of a staple and thread. The voltage output of each potentiometer
was sensed by one of the 16 channels of a lO-bit analog-to-digital
converter interface of a Raytheon 703 computer. The restraining
box and the transducing apparatus were enclosed in one of eight
identical, ventilated, fireproof, legal-size file cabinet chambers. The
US was a 2.5-mA, lOO-rnsec, 6O-Hz constant current shock deli­
vered to two stainless steel 9-mm Autoclips implanted 10 mm be­
hind and 10 mm above and below the horizontal plane of the right
eye. The CS+ was a 6OO-msec, 20-psi airpuff delivered through a
blunted 16-ga needle that was fixed approximately 3.0 em from the
animal's left abdominal region. The CS- was a 6OO-msec, 80-dB,
10-Hz click delivered through an 8-0 speaker located directly in
front of the subject. Continuous masking white noise was presented
in the experimental chamber at 72 dB. A software system, modi­
fied from Tait and Gormezano (1974) and implemented on a 8K
Raytheon 703 computer, controlled the delivery of the stimuli and
the recording of responses.

Procedure. Two days after arrival, a 2.0-mm loop of suture was
implanted in the nictitating membrane of each rabbit's right eye.
Two days following surgery, the subjects were assigned randomly
to one of three groups (Groups UD, D, and E). On the 10 days
that followed, Group UD received 10 sessions of US preexposure,
while Groups D and E were left undisturbed in their home cages.
In each US preexposure session, 20 shock USs were presented with
a mean intertrial interval of 3.0 min. The differential conditioning
phase commenced on the IIth day, and consisted of seven daily
sessions. In each session, Groups UD and D received 20 CS+-US
(airpuff-shock) trials randomly interspersed with 20 CS- (click)
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trials. The sequencing and timing of the trial types were identical
for both groups. Group E received only excitatory training, which
consisted of 20 CS+-US (airpuff-shock) pairings randomly inter­
calated with 20 observation trials in which the animal was moni­
tored for responding during a 5Do-rnsec interval. Group E's paired
trials were temporally matched to the paired trials of Groups UD
and D; Group E's observation trials were temporally matched to the
CS- trials of the other two groups. Group E was included to assess
the level of inhibition measured with the retardation of learning test.
On the day following the last differential conditioning session, all
subjects received a retardation of learning test. The test consisted
of three daily sessions of excitatory conditioning in which 20 paired
CS--US (click-shock) trials were given per session. Throughout the
experiment, the mean intertrial interval was 3.0 min. In addition,
all paired trials had CS onset precede US onset by 500 rnsec.

Initially, 16 subjects were assigned to each of the above groups.
However, one subject in each of Groups UD and D was removed
from the experiment due to illness. Thus, Groups UD, D, and E
contained 15, 15, and 16 subjects, respectively.

Nictitating membrane responses were scored during the 5OG-rnsec
interval following the onset of either the CS+ or the CS- and during
an equivalent 500-msec period on observation trials. The criterion
for a CR or UR was set at I mm of movement of the nictitating
membrane response during the CS or US, respectively. In both
cases, I mm of movement of the nictitating membrane corresponded
to a change of 0.2 V in the analog-to-digital conversion system.
During the US preexposure phase, the maximum amplitude (i.e.,
the largest change from the pre-US baseline voltage input to the
analog-to-digital converter that occurred in a 500-msec interval fol­
lowing US onset) of the UR was recorded for Group UD.

Results and Discussion
Preexposure phase. Figure 1 displays the mean UR

topography of Group UD on Days 1,5, and 10 of the US
preexposure phase. The figure suggests that URs increased
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Figure 1. The mean UR topography for Group unon Days 1, 5, and 10 of the US preexposure
phase. The time base is initialized at US onset.
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in size over the US preexposure phase. A repeated mea­
sures ANOV A applied to the daily mean UR amplitude
of each subject confirmed the graphical interpretation by
revealing a significant days main effect [F(9,126) = 2.35,
p < .05]. Orthogonal components for trend applied to
the days effect contained only a significantly increasing
linear component [F(l, 14) = 8.85, p < .05]. Thus, the
statistical analysis confirmed that UR amplitude increased
over days of US preexposure.

Differential conditioning phase. The mean percentage
of CRs to CS+and CS- over the 7-day differential condi­
tioning phase was 58.5 and 9.8, respectively. A repeated
measures ANOVA identified that the rabbits differentially
responded to the airpuff and click by yielding a signifi­
cant trial-type main effect[F(1,43) = 339.26, p < .01].
The mean percentages of CRs to CR+ for Groups UD,
D, and E were 47.4, 61.5, and 66.1, respectively. A
mixed-model ANOV A applied to CRs on CS+ trials re­
vealed a significant group main effect [F(2,43) = 3.99,
p < .05]. Subsequent application of Newman-Keuls tests
(p = .05) indicated that the mean percentage of CRs was
lower for Group UD than for either Group D or Group E,
which did not differ from each other. Thus, the analyses
indicated that US preexposure retarded the acquisition of
CRs to CS+. The mean percentages of CRs on CS- trials
during differential conditioning were 7.0, 19.9, and 3.2
for Groups UD, D, and E, respectively. A mixed-model
ANOVA identified a significant group main effect
[F(2,43) = 5.66, p < .05]. The Newman-Keuls tests
confirmed that Group D had a higher mean percentage
of CRs to CS- than either Group UD or Group E, which

did not differ. Since Group E received no stimuli on CS­
trials and provided an index of baseline responding, the
responding of Group un appeared to be at baseline levels.
Therefore, the analyses established that US preexposure
reduced CS- responding to approximately baseline levels.

Figure 2 depicts the mean percentage of CRs to CS+
and CS- as a function of days of differential conditioning
for Groups UD, D, and E. For Group E, which did not
receive a stimulus on CS- trials, CS- responding indicates
the baseline level of responding that was obtained from
the corresponding 500-msec interval of the observation
trials. Figure 2 shows that on the CS+ trials, the initial
occurrence ofCRs was retarded in Group UD, but, once
underway, CR acquisition occurred at about the same rate
and to the same asymptote in Group UD as in Groups D
and E. The absence of a day X group interaction
[F(l2,258) = 1.40] is consistent with the apparent parallel
acquisition functions. Figure 2 also shows that the mean
percentage of CRs to CS- was low and diverged among
the groups over the 7 days of differential conditioning.
Group D showed a gradual increase in responding to a
low asymptotic value, whereas the responding of
Groups UD and E were similar and did not systematically
change over days. The ANOVA revealed a significant day
X group interaction [F(12,258) = 3.22, p < .01], which
confirms the divergence in CS- response rates over days.
Orthogonal components for trend revealed a significant
linear component to the interaction [F(2,258) = 6.65,
p < .01]. Orthogonal components for trend applied to
each group identified a significant linear increase in
responding on CS- trials over days for Group D [F(l ,258)
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Figure 2. The mean daily percentages of CRs to CS' and CS- for Groups VD, D, and E as a func­
tion of the 7 days of differential conditioning.
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= 21.65, p < .01] but not for Groups UD and E (both
Fs < I). Thus, the statistical analyses confirmed that only
Group D exhibited a systematic increase in CS- respond­
ing over days.

Retardation of learning test. The mean percentages
of CRs that occurred during the retardation of learning
inhibition test phase were 60.6, 78.5, and 92.6 for
Groups UD, D, and E, respectively. A mixed-model
ANOVA yielded a significant group main effect
[F(2,43) = 16.30, P < .01], which, according to
Newman-Keuls tests, resulted from the fact that
Groups UD, D, and E all differed from one another. The
lower responding in Groups UD and D relative to
Group E demonstrated that the differential conditioning
produced associative inhibition. The lower performance
of Group UD relative to Group D identifies a greater as­
sociative inhibition in Group UD. Thus, US preexposure
facilitated the development of inhibition.

Figure 3 depicts the mean percentages of CRs for
Groups UD, D, and E as a function of days during the
retardation oflearning test. The figure shows that Group E
exhibited a high, stable level of responding, indicating
a substantial level of transfer from the acquisition phase.
In contrast, the percentage of CRs was initially lower for
Group D and lowest for Group UD. All groups reached
a common asymptote by Day 3 of the test. The pattern
of responding over days yielded a significant day X group
interaction [F(4,86) = 8.83, p < .01], which contained
a significant linear component for trend [F(2,86) = 14.66,
P < .01]. Since Group UD contributed 71 % and
Group D contributed 25 % of the linear variability, the

analysis indicated that Group UD experienced the largest
increase in responding over the inhibition test phase,
which confirms a greater retardation for Group UD and
hence a higher level of associative inhibition.

The slower acquisition on CS+ trials during differen­
tial conditioning of Group UD relative to Groups D and
E indicated that the US preexposures retarded the onset
of excitatory conditioning. Thus, Experiment I confirmed
previous findings of US-preexposure-produced retarda­
tion of nictitating membrane (Mis & Moore, 1973) and
eyelid (Hinson, 1982; Siegal & Domjan, 1971) condition­
ing in the rabbit. Furthermore, since Group UD had lower
response levels to the CS- and slower acquisition during
the retardation of learning test for inhibition than
Group D, Group UD's CS- was more inhibitory than was
that of Group D. Thus, US preexposures facilitated the
acquisition of associative inhibition during differential
conditioning, providing converging evidence for Hinson's
(1982) fmding with backward conditioning.

The observation that US preexposures simultaneously
produce both retarded excitatory and facilitated inhibitory
conditioning suggests that a common process is acting to
produce both effects. Of the models advanced to account
for US preexposure phenomena, only opponent process
(LoLordo & Randich, 1981; Solomon & Corbit, 1974),
context blocking (Randich & LoLordo, 1979; Tomie
et aI., 1980), and scalar expectancy (Gibbon & Balsam,
1981) theories have the potential to yield both effects. The
present results, like those of Hinson (1982, Experiment 4)
are consistent with each of these accounts. However, since
context blocking and scalar expectancy theories invoke
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an association between the context and the US to explain
retarded excitatory and facilitated inhibitory conditioning,
the associative theories would expect the elimination of
both effects by a change of experimental environment af­
ter a US preexposure phase. On the other hand, since
opponent-process theory relies on changes in the conse­
quences of the US to produce both effects, a context shift
inserted after US preexposures should not alter the US­
preexposure effects.

EXPERIMENT 2

Since a context shift after US preexposures removes
the deleterious effects of US preexposure on excitatory
conditioning (Baker & Mercier, 1982; Hinson, 1982, Ex­
periment 1; Tomie et al., 1980; Willner, 1978), the
removal of the facilitation effect on inhibitory condition­
ing would be expected if a common process produces both
effects. Such an observation would be strong evidence for
the two associative theories. To test this prediction, Ex­
periment 1 was replicated with the inclusion of a second
preexposed group that received a context shift between
the US preexposure phase and the differential condition­
ing phase.

Method
Subjects. Forty-eight naive male and female New Zealand white

rabbits, weighing between 2.5 and 3.0 kg, served as subjects.
Apparatus. The apparatus was identical to that described earlier

for Experiment 1, with the following exceptions. US preexposures
were administered in one of two distinctly different apparatuses(i.e.,
contexts). One of the apparatuses was the same as that described
in Experiment 1 (designated NM1 apparatus); the other was an ap­
paratus that was originally constructed for conditioning of the leg­
flexion response (Quesnel, 1983) in the rabbit (designated NM2
apparatus) but was modified for nictitating membrane condition­
ing in the present experiment. The NM2 apparatus consisted of six
experimental chambers in a room with continuous white noise, which
acoustically isolated the subjects from the computer anddata process­
ing equipment located in an adjacent room. Each of the six adjoin­
ing experimental chambers was constructed of 112-in. whiteplywood
boards and measured 75 em long, 33 cm wide, and 85 cm high.
The restraining boxes were similar to those described elsewhere
by Gormezano (1966) with the exception that they were constructed
of wood rather than Plexiglas. The restraining boxes were locked
onto support stands and placed in separate, visually isolated cham­
bers. Unlike the NMI apparatus described earlier, the NM2 ap­
paratus provided the subjects with a complete view of theexperimen­
tal room, since there were no doors on the individual chambers.
In addition, illumination for the chambers was provided by the am­
bient lighting in the experimental room.

Procedure. Surgical preparation, recovery, and group assign­
ment procedures were the same as those employed in Experiment 1.
Moreover, the experimental protocol and parameters were identi­
cal to those employed in Experiment 1. The criterion for CRs and
URs were also the same.

Two groups (Groups UD-S and UD-D) received 10 sessions of
shock US preexposures. However, Group UD-S received the preex­
posure sessions in the NM1 apparatus and Group UD-D received
the preexposures in the NM2 apparatus. The two remaining groups
(Groups D andE) were left undisturbed in their home cagesthrough­
out the preexposure phase. The 7 days of differential conditioning
were conducted in the NM1 apparatus for all groups. Thus, differen-

rial conditioning occurred in the same apparatus as did the US preex­
posures for Group UD-S but in a different apparatus for
Group UD-D. As in Experiment 1, Group D received differential
conditioning and Group E received only the CS+-US pairings. Fi­
nally, all groups received a 3-day retardation of learning test in the
same context in which they received their differential training.

Originally, 12 subjects were assigned to each of the four desig­
nated groups. However, 1 subject in each of Groups UD-S and D
had to be discarded due to illness. Thus, Groups UD-D, UD-S,
D, and E contained 12, 11, 11, and 12 subjects, respectively.

Results and Discussion
US preexposure phase. Figure 4 presents the mean UR

topography for Groups UD-S (top frame) and UD-D (bot­
tom frame) on Days 1, 5, and 10 of the US preexposure
phase. The figure suggests that both groups showed an
increase in UR amplitudes over days. A repeated mea­
sures ANOVA applied to the daily mean UR amplitude
revealed a significant days main effect [F(9,189) = 13.83,
p < .01], and orthogonal components for trend contained
only a significant linear component [F(I,21) = 82.71,
p < .01]. There were no observed group differences
[F(I,21) = 1.65] and no days X group interaction
[F(9,189) = 1.02]. Thus, the analysis confirms that UR
amplitudes increased over the 10 days of US preexposure.

Differential conditioning phase. The mean percentages
of CRs to CS+ and CS- during differential conditioning
were 61.6 and 5.8, respectively. A repeated measures
ANOV A confirmed that CS+responding was higher than
CS-responding[F(l,42) = 656.85,p < .01]. The mean
percentages of CRs to CS+during differential condition­
ing were 43.7,63.7,69.0, and 69.1 for Groups UD-S,
UD-D, D, and E, respectively. A mixed-model ANOVA
applied to the CS+ data for all groups revealed a signifi­
cant group main effect [F(3,42) = 7.22, p < .01].
Newman-Keuls tests indicated that the percentage of CRs
was lower for Group UD-S than for each of the remain­
ing groups, which did not differ from each other. Thus,
the analyses indicated that US preexposure retarded sub­
sequent excitatory conditioning if the conditioning oc­
curred in the same context, but not if it occurred in a
different context. The mean percentages of CRs to CS­
were 2.6, 9.0, 11.1, and 0.9 for Groups UD-S, UD-D,
D, and E, respectively. Again, a mixed-model ANOVA
revealed a significant group main effect [F(3,42) = 6.03,
p < .01]. The Newman-Keuls tests indicated that the per­
centages of responding were higher for Groups UD-D and
D, which did not differ from one another, than for Groups
UD-S and E, which also did not differ from one another.
Thus, preexposures decreased responding on CS- trials
only if the CS- trials occurred in the same context as the
US preexposures.

Figure 5 depicts the mean percentage of CRs for CS+
and CS- trials as a function of days of differential condi­
tioning for Groups UD-D, UD-S, D, and E. Response
levels from the observation trials of Group E are included
as a baseline level for CS- responding in the other groups.
The figure reveals that responding to CS+was character­
ized by a steady increase over days to high asymptotic
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Figure 4. The mean UR topography for Groups un-8 (top frame) and UD-D (bottom frame) on
Days 1, 5, and 10 of the US preexposure phase. The time base is initialized at US onset.

levels. Moreover, Group UD-S seemed to exhibit a slower
rate of acquisition than did Groups UD-D, D, and E,
which did not appear to differ from each other. The vari­
ations in group performance on CS+ trials was confirmed
by a significant day x group interaction [F(18,252) =
2.50, p < .01], which contained only a significant quad­
ratic component for trend [F(3,252) = 11.15,p < .01].
The quadratic component resulted from significant quad­
ratic components over days for Groups UD-D, D, and
E [Fs(l,252) = 28.68,45.89, and 20.57, respectively;
ps < .01) but not for Group UD-S [F(I,252) < 1.0).
Since quadratic trends are obtained only after several days
of asymptotic performance, the absence of a quadratic
trend for Group UD-S indicatesthat Group UD-S reached

asymptotevalues later than did the other groups. Figure 5
also shows that, on CS- trials, the percentage of respond­
ing for both Groups UD-D and D evidenced a grarlnal
increase to a low asymptotic level, whereas the respond­
ing for Groups UD-S and E was similar and did not sys­
tematicallychange over days. The ANOVA yielded a sig­
nificant day x group interaction [F(18,252) = 2.70,
p < .05], which contained a significant linear orthogonal
trend component [F(3,252) = 7.02, p < .01]. Or­
thogonalcomponents for trend applied to each group iden­
tified significant increasing linear components for
Groups UD-D and D [F(1,252) = 28.71, p < .01, and
F(l,252) = 34.41,p < .01, respectively] but not Groups
UD-S and E [F(1,252) = 3.80 and F(1,252) < 1.0,
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8 7

Figure 5. The mean daily percentages of CRs to CS· and CS- for Groups 00-0, OO-S, 0, and
E as a function of the 7 days of differential conditioning.

respectively]. Since Group E provided an index of base­
line responding, it appeared that Group UD-S responded
at or near baseline levels.

Retardation of learning test. The mean percentage of
CRs on the retardation of learning test for Groups UD-S,
UD-D, D, and E were 60.4, 72.8, 76.6, and 94.6, respec­
tively. An ANOVA applied to the inhibition test data rev­
ealed a significant group main effect [F(3,42) = 10.17,
p < .01]. The Newman-Keuls test identified that
Group UD-S had a lower percentage of responding than
each of the other groups, and that Groups UD-D and D,
which did not differ from one another, exhibited a lower
level of responding than Group E. The results show that
associative inhibition was present in Groups UD-S, UD­
D, and D, and that the development of inhibition was ac­
celerated by US preexposure in the same context, but not
if the US preexposures occurred in a different context.

Figure 6 depicts the mean percentage of CRs for all
groups as a function of days of the retardation of learn­
ing inhibition test. The figure shows that on Day 1 the
percentage of CRs was low for Group UD-S and was very
high for Group E; the percentages of CRs for Groups UD­
D and D were between the two extremes. Over days, all
groups converged on a high terminal value. The ANOVA
revealed a significant day x group interaction [F(6,84)
= 7.11, p < .01], which contained a significant linear
component for trend [F(3,84) = 13.23, p < .01] that
confirmed the convergence of the groups. Although all
groups had significant linear components over days, the
groups with the steeper slopes contributed a higher propor-

tion of variance to the linear interaction (42.0 %, 33.9 %,
23.1 %, and 1.0% for Groups UD-S, UD-D, D, and E,
respectively) .

Group UD-S of Experiment 2 replicated the effects of
US preexposure observed in Experiment 1. For
Group UD-S, acquisition to CS+ was slower than it was
for controls, responding to CS- was at baseline levels,
and acquisition on the retardation of learning test for in­
hibition was more retarded than it was for nonpreexposed
differentially conditioned rabbits. Thus, US preexposures
again produced the conjoint effects of retardation of ex­
citatory and facilitation of inhibitory conditioning.
Moreover, since Group UD-D, the group that had
received a shift in context after the US preexposure phase,
failed to differ from the nonpreexposed Group D on CS+
and CS- trials and on the inhibition test, Experiment 2
indicated that both the retardation and facilitation effects
were context specific.

GENERAL DISCUSSION

Although current theoretical models of US preexposure
effects readily account for the retardation observed in the
acquisition to CS+, our confirmation of Hinson's (1982,
Experiment 4) finding that US preexposures facilitate in­
hibitory conditioning challenges the tenability of adapta­
tional (e.g., Taylor, 1956) and cognitive (Baker et al.,
1981; Mackintosh, 1973, 1975; Maier & Seligman, 1976)
accounts. Both positions assert that the capacity of a US
to reinforce learning to CSs is degraded by US preex-
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Figure 6. The mean daily percentages of CRs during the 3-day retardation of learning
test of inhibition for Groups UD-D, UD-S, D, and E.

posures. With a less effective US, neither excitatory nor
inhibitory conditioning should be facilitated. Conse­
quently, the observation of enhanced inhibitory condition­
ing following US preexposures is directly contrary to the
theoretical expectations.

Opponent-process models (LoLordo & Randich, 1981;
Solomon & Corbit, 1974) fair slightly better under the
present results. The observation of the simultaneous oc­
currence of retarded excitatory and facilitated inhibitory
conditioning would be assumed to reflect the growth of
the endogenous hedonically opposite process of the US
during the US preexposure phase. As a consequence, the
capacity of the US to support excitatory conditioning
would be diminished because the effectiveness of the US
is determined by the temporal integration of the two he­
donically opposite processes. Moreover, because the he­
donically opposite process is assumed to decay slowly over
some unspecified time period, and because inhibition may
result from pairing a CS with the hedonic opposite of the
US, inhibitory conditioning would be facilitated after the
creation of a strong hedonic opposite by US preexposures.
In the present experiments, it would only have to be as­
sumed that the hedonic opposite process extended through
the intertrial interval to the point in time of CS- occur­
rence to account for the obtained facilitated inhibition.

However, the opponent-process models encounter
difficulties with two of the present observations. First,
the models propose that the US preexposure effects are
a result of a change in the dynamic consequences of the
US, and therefore, only changes in US parameters should
regulate the US preexposure effects. A change in ex-

perimental environment between the US preexposure
phase and the conditioning phase should not affect the
postulated mechanism. However, contrary to theoretical
expectations, the context shift manipulation in Experi­
ment 2 removed both the retardation and facilitation ef­
fects of US preexposure. Second, opponent process
models assume that the hedonic opposite process increases
in strength as a function of the number of US preex­
posures. As a consequence, the net hedonic consequence
of the US, which reflects the temporal integration of the
two hedonic processes, is reduced. This should make the
US a less effective excitatory stimulus. To the extent that
URs index the net hedonic consequence of the US (Solo­
mon & Corbit, 1974), URs should decrease in amplitude
as a function of days of US preexposures. Although
recording equipment constraints precluded a trial-by-trial
analysis of peak UR amplitude, we were able to tabulate
the daily mean peak UR amplitude for each subject. Both
Experiment 1 and Experiment 2 replicated the previous
observation (Mis & Moore, 1973; Suboski, Di Lollo, &
Gormezano, 1964) that UR amplitude increased over
preexposure days. The increase in UR amplitude could
be interpreted to suggest that the net excitatory hedonic
consequence of the US increased rather than decreased
over days of US preexposures. Thus, opponent-process
models appear to be inadequate because they lack an ex­
planatory vehicle to explain the context shift outcome and
incorrectly predict the effects of US preexposure on URs.

Of the current theories, the context blocking (Randich
& LoLordo, 1979; Tomie et al., 1980) and scalar expec­
tancy (Gibbon & Balsam, 1981) associative theories give
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the most inclusive account of the present outcomes. Both
positions assert that associations between the context and
the US are established during US preexposures. Subse­
quently, the context-US association interferes with the de­
velopment of a CS-US association (context blocking) or
performance to the discrete CS (scalar expectancy), but
facilitates the development of inhibition to a discrete CS
by providing an excitatory contrast for that CS. Since the
explanatory mechanism for US preexposure effects re­
quires the presence of the same context for the preex­
posure and conditioning phases, a context shift inserted
between the phases should remove the effectiveness of
the US preexposures. Thus, both theories accurately
predict the effects observed with the context shift in Ex­
periment 2.

Although the context blocking and scalar expectancy
theories adequately account for the major observations of
the present studies, there are some US preexposure ef­
fects that are not consistent with these theories. First, since
the associative theories assert that common mechanisms
underlie CS-US and context-US associations, behavioral
changes during CS-US conditioning should also occur dur­
ing context-US conditioning. One observation from dis­
crete cue conditioning is that UR amplitude decreases
when the CS acquires an excitatory association (Done­
gan, 1981; Kimmel, 1966; Terry, 1976; Terry & Wagner,
1975; but see Desmond, Romano, & Moore, 1980;
Hupka, Kwaterski, & Moore, 1970). Presumably, the UR
diminution results because the expected US is less sur­
prising (Kamin, 1968) or needs less rehearsal (Wagner,
1981). Whatever the mechanism, the associative theories
of US preexposure effects would expect a parallel be­
havioral observation as the subject learns to expect the
US in a context. Therefore, UR diminution should be ob­
served during US preexposures. However, UR enhance­
ment is found over days of US preexposures (Experi­
ments 1 and 2; Mis & Moore, 1973; Suboski et al.,
1964).

Second, if previously conditioned contextual associa­
tions interfere with excitatory conditioning, then indices
of contextual conditioning should be correlated with the
subsequent occurrence of retarded excitatory condition­
ing. Such correlations are not always observed (e.g.,
Ayres, Bombace, Shurtleff, & Vigorito, 1985). The
problem is exacerbated by the fact that contextual condi­
tioning, at least with aversive USs, occurs rapidly (cf.
Marlin, 1983; McAllister & McAllister, 1971) and can
summate with discrete cue conditioning (Balaz, Capra,
Hartl, & Miller, 1981; McAllister & McAllister, 1971).
In contrast, to produce retarded acquisition with US preex­
posures requires extensive US preexposure training (e.g.,
the 10 days and 200 US presentations employed in the
present study), with the training period usually being
longer than the amount of training needed to produce sub­
sequent asymptotic conditioning of the response system
of interest. Since contextual conditioning can occur
rapidly, extensive training with the US should not be
needed to produce the US preexposure effects. The ob­
servations of different temporal courses for contextual

conditioning and US preexposure effects and the occur­
rence of US preexposure effects in the absence of evi­
dence for contextual conditioning (Ayres et al., 1985) are
inconsistent with the associative theories of US preex­
posure effects.

An alternative associative account can be generated
from slightly different assumptions concerning the effects
of US preexposure. During the US preexposure phase,
brief US presentations are interposed between long in­
tervals of non-US presentations. Although this would lead
to initial excitatory contextual conditioning effects, it also
would establish the conditions needed for the formation
of a temporal discrimination. With extended training, non­
US periods should become inhibitory. Since the non-US
periods are substantially longer than the US periods, the
resultant effect would be to leave the context with a net
inhibitory associative strength.

If the context were associatively inhibitory, then the fol­
lowing outcomes could be expected. First, the introduc­
tion of forward pairings should show retarded acquisi­
tion, since the excitatory effects to the CS would have
to be larger than the concurrent inhibitory effects of the
context before CR performance would be observed. Since
the CS+ is being paired within the inhibitory context, the
conditions for the occurrence of superconditioning (Res­
corla, 1971) exist. Thus, although performance to the CS+
during differential conditioning should be retarded after
US preexposure, associative strength should accrue more
rapidly to the CS+ in the preexposed condition than in a
nonpreexposed condition. To test this novel prediction,
the associative strength of the CS+ would have to be evalu­
ated in the absence of the inhibitory contextual stimuli
(i.e., in an environment in which US preexposures had
not been delivered). Second, with backward pairings or
differential conditioning, the inhibition that accrues to the
CS would be augmented by higher order inhibitory pair­
ings between the context and the CS (cf. Baker, 1974,
for results that suggest that inhibitory CSs can support
higher order conditioning). Thus, the CSs would become
more inhibitory than CSs that do not follow US preex­
posure. Third, since the development of the inhibitory
context is an associative outcome, a shift in context be­
tween the US preexposure and the discrete cue acquisi­
tion phases should remove the effects of preexposure on
subsequent excitatory and inhibitory conditioning. Fourth,
since UR amplitude is enhanced when a CS- signals a US
(Donegan, 1981; Desmond et al., 1980), a gradual in­
crease in UR amplitude could result as the context be­
comes inhibitory, since the expectation of the US would
decrease and, therefore, when the US occurs, it should
be more surprising (Kamin, 1968) or its rehearsal be in­
creased (Wagner, 1981).

And finally, if the associative strength of the context
passes from a net excitatory to a net inhibitory associa­
tive strength, then the different time courses for the in­
dices of contextual conditioning and US preexposure ef­
fects would be resolved. A postulated early excitatory
phase would account for rapid contextual conditioning.
Ifan assumption of summative associative interactions be-



tween the context and a CS is made (Balaz et al., 1981;
McAllister & McAllister, 1971), then the facilitative ef­
fects of brief US preexposure training (e.g., LoLordo &
Randich, 1981) on discrete cue acquisition would be ex­
pected. The slow development of an inhibitory context
would account for the extensive training needed to produce
subsequent retarded excitatory and facilitated inhibitory
conditioning. If an inhibitory context is influencing per­
formance in subsequent discrete cue conditioning, then
the training needed to create the net inhibitory effect would
be the limiting process on the demonstration of US preex­
posure effects.
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