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Retardation of rabbit nictitating membrane
conditioning following US preexposures

depends on the distribution and
number of US presentations

MICHAEL E. SALADIN, WILLIAM N. TEN HAVE, ZALMAN L. SAPER,
JORDAN S. LABINSKY, and ROBERT W. TAIT

University of Manitoba, Winnipeg, Manitoba, Canada

Retarded conditioned response (CR) acquisition produced by unconditioned stimulus (US) pre
exposures has been attributed either to interference resulting from contextual conditioning or
to habituation of the US. Both perspectives assume that the amount of retardation is directly
related to the number of US preexposures. This assumption was examined in two experiments.
In Experiment 1, separate groups of rabbits received 200 paraorbital shock US preexposures either
in one session or spread equally over 10 daily sessions. Subsequently, all subjects received 150
CS-US pairings. Acquisition of nictitating membrane CRs was retarded relative to a naive con
trol group only in the group that received the preexposures over 10 sessions. Thus, the number
of US preexposure sessions, rather than the number of US preexposures, determined whether
or not retarded acquisition was observed. In Experiment 2, four groups of rabbits received 1, 5,
20, or 40 shock US preexposures in each of 10 sessions. Over the subsequent 150 CS-US pair
ings, similar levels of retarded CR acquisition were observed in groups that received 20 and 40
US preexposures per session, a weak retardation effect was observed with 5 preexposures per
session, and no retardation was observed with 1 preexposure per session. Thus, Experiment 2
suggested that retarded CR development was not greatly influenced by increasing the number
of US preexposures above some minimum threshold number of exposures per session. Implica
tions for current theories were discussed.

Associative and nonassociative theoretical models have
been developed to account for the observation that prior
experience with an unconditioned stimulus (US) results
in retarded conditioned response (CR) acquisition during
pairings of the US with a conditioned stimulus (CS) (see
Saladin & Tait, 1986). Two associative models, the con
text blocking (Mis & Moore, 1973; Randich & LoLordo,
1979; Tomie, 1976; Tomie, Murphy, Fath, & Jackson,
1980) and comparator (Gibbon & Balsam, 1981; Jenkins,
Barnes, & Barrera, 1981) models, propose that US pre
exposures result in the development of an excitatory con
text-US association. The context blocking model posits
that CR development is retarded during subsequent
CS-US conditioning because the already established as
sociative strength of the context "blocks" (Kamin, 1968,
1969) or competes with the discrete CS for the associa
tive strength supported by the US (Rescorla & Wagner,
1972). The comparator model argues that the retardation
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effect is a performance, rather than an associative, deficit.
For Gibbon and Balsam (1981), performance occurs when
the CS expectancy for the US's occurrence (designated
hI) is high relative to the context expectancy for the US
(designated he). Since the context develops a high expec
tancy for the US occurrence during US preexposures (i.e.,
he > 0 = hI), subsequent CR performance will be
retarded because a greater number of CS-US pairings will
be necessary to generate the high CS expectancy (i.e.,
h, > he) needed for the observation of CR performance.
In contrast to the associative theories, nonassociative
habituation models argue that US preexposures result in
a reduction in the subject's responsiveness to the US (e.g.,
Solomon & Corbit, 1974; Taylor, 1956). As a conse
quence, CR development during subsequent conditioning
with the less effective US will be attenuated.

All theoretical accounts agree that the magnitude of the
retardation effect should be directly related to the num
ber of prior US preexposures. The context blocking model
(see Tomie, 1976) asserts that increasing the number of
US preexposures increases the proportion of the US's
finite associative strength acquired by the context, and
thereby diminishes the amount of associative strength that
is subsequently obtainable by the CS (i.e., the presenta
tion of each US alone results in an increment in associa
tive strength to the context). Gibbon and Balsam's (1981)
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comparator model asserts that the context expectancy for
the US is a positive function of the number of US pre
exposures per unit time (i.e., density). Because the ob
servation of CRs during subsequent conditioning requires
that the CS expectancy for the US (ht) be greater than
the context expectancy for the US (he), the scalar expec
tancy model predicts that the number of CS-US pairings
required to produce CRs would be positively related to
the number of prior US preexposures. Finally, nonas
sociative habituation models (e.g., Taylor, 1956) argue
that increasing the number of US preexposures results in
increasing levels of habituation to the US, thereby ren
dering the US increasingly less effective for subsequent
CS-US conditioning. Thus, all models of the US pre
exposure effect anticipate a positive relationshipbetween
the number of US preexposures and the magnitude of
retarded CR acquisition observed during subsequent
CS-US conditioning.

Three studies have tested the predicted direct relation
between the number of US preexposures and the magni
tude of retarded CR acquisition observed during subse
quent CS-US conditioning (Hobson, 1968; Mis & Moore,
1973; Randich & LoLordo, 1979). In general, the studies
reported confirmation of the predicted direct relationship
(but see Hobson, 1968); however, two of the studies (Mis
& Moore, 1973; Randich & LoLordo, 1979) confounded
the number of US preexposures with the number of ses
sions of the US preexposure treatment. More precisely,
subjects that received a greater number of US pre
exposures also received more sessions of preexposures.

The purpose of the present experiments was to exam
ine the relationship between the number of US pre
exposures and the magnitude of the retardation effect when
the number of preacquisition US presentations and the
number of sessions of US preexposures were manipulated
separately. In Experiment 1, the number of preacquisi
tion US presentations was held constant while the effects
of the number of sessions of US preexposures on subse
quent CS-US conditioning were examined. In Experi
ment 2, the number of sessions of US preexposures was
held constant while the effects of the number of pre
acquisition US presentations on subsequent CS-US con
ditioning were examined.

EXPERIMENT 1

Saladin and Tait (l986) showed that retarded nictitat
ing membrane conditioning can be observed following 10
daily sessions of 20 paraorbital shock US preexposures.
Since it is known that retarded acquisition results from
200 US preexposures distributed over 10 sessions, it
would follow from all the theoretical models of US pre
exposure effects that receiving 200 US preexposures dis
tributed over one daily session should result in a retarded
rate of acquisition that is comparable to receiving the same
number of US presentations over 10 daily sessions. This

expectation was evaluated in Experiment 1 in which two
groups of rabbit subjects received 200 US preexposures
distributed over 1 or 10 daily sessions. A third group did
not receive any US preexposures and was included to de
tect the effects of US preexposures in the other two
groups. Following the US preexposure phase, the three
groups received 150 CS-US conditioning trials.

Method
Subjects. Twenty-four naive male and female New Zealand white

rabbits weighing between 1.5 and 2.5 kg were obtained from the
Blue Farm Rabbitry in Lockport, Manitoba. All subjects were
housed separately in 60 x45 ern wire-mesh cages and were given
free access to food and water.

Apparatus. Conditioning of the rabbit's nictitating membrane
response was conducted in an apparatus described in detail by Gor
mezano (1966). Briefly, the subjects were placed in a Plexiglas
restraining box; the head was fixed in position by foam pinnae
clamps; the right eyelids were held open by Newery tailor hooks
that were 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 tnicrotorque potentiometer that was fixed to the headmount
was coupled to a previously implanted 2.0-mm loop of 2.0 Ethi
con suture by a staple and thread. The restraining box and the trans
ducing apparatus were enclosed together in one of eight identical,
ventilated, fireproof, legal-size, file cabinet chambers. The US was
a 4.0-rnA, IOQ-msec, 6O-Hz, constant-current shock delivered to
two stainless steel 9-mm Autoclips implanted 10 mm behind and
10 mm above and below the horizontal plane of the right eye. The
CS was a 6oo-msec, 20-psi airpuff delivered to the animal's left
abdotninal region. Continuous masking white noise was presented
in the experimental room at 72 dB. A software system modified
from Tait and Gormezano (1974), implemented on an 8K Raytheon
703 computer, controlled the delivery of stimuli and the recording
of responses. Nictitating membrane extensions greater than or equal
to 0.5 mm were defined as responses.

Procedure. Two days after their arrival, all subjects had sutures
implanted in their right nictitating membrane, and the Autoclip su
tures were implanted. Two days after surgery, the subjects were
randomly assigned to three groups (Groups IOx20, I x 200, and
NPSIT). On the 10 days that followed, Group IOx20 (N=8)
received 20 US preexposures in each of 10 daily sessions, whereas
Group 1x 200 (N=8) remained in their home cages for 9 days be
fore receiving 200 US preexposures in 1 session. Subjects in the
naive control group, Group NPSIT (N=8), were left undisturbed
in their home cages to preclude the development of latent inhibi
tion effects to the context that might result from exposure to the
context during the preexposure phase. Following the preexposure
phase, all three groups received 150 CS-US conditioning trials in
1 session. Throughout the experiment, the mean intertrial interval
was 1 min. In addition, on all paired trials, CS onset preceded US
onset by 500 rnsec.

The criterion for a CR or UR was set at .5 mm of movement
of the nictitating membrane during the CS or US, respectively. In
both cases, .5 mm of movement of the nictitating membrane cor
responded to a change of. 1 V in the potentiometer, which in tum
corresponded to a hexadecimal output of 10 in the analog-to-digital
conversion system. During the US preexposure phase, the maxi
mum or peakamplitude (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 following US onset) of the UR was recorded
for all subjects in groups that received US preexposure.
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Figure 1. The mean unconditioned response (UR) peak amplitude for each of the 40 five
trial blocks of unconditioned stimulus preexposures in Experiment 1 for Groups 10 x 20 and
1 x 200.

Results
Preexposure phase. Figure 1 depicts the mean UR

peak amplitudes for each of the 40 five-trial blocks of US
preexposures for Groups 1Ox20 and 1 X200. The func
tion for Group lOx 20 is broken at the transition between
each of the 10 days of preexposure in order to illustrate
the change in peak UR amplitude that occurred over the
days. The figure shows that the mean DR peak ampli
tudes of Group 1X200 systematically decreased to low
levels during the US preexposure phase, whereas those
of Group lOx 20 nonmonotonica1ly increased during the
initial 32 blocks before evidencing a decrease during the
last 8 blocks. A repeated measures analysis of variance
(ANOVA) with the 40 five-trial blocks as a repeated fac
tor confirmed the divergent trends of Groups 10 X20 and
1X200 by yielding a significant block X group [F(39,546)
= 4.98, P < .01] interaction with significant linear
[F(1,14) = 12.14, p < .01] and quadratic [F(1,14) =
6.18, p < .05] orthogonal components for trend. Or
thogonal components for trend applied to each group
yielded only a significant decreasing linear component for
Group 1x200 [F(l,7) = 17.28, p < .01] and only a sig
nificant quadratic component for Group 10x20 [F(I,7)
= 6.33, P < .05]. The significant linear trend compo
nent statistically confirms the decreasing UR peak am
plitudes of Group 1 X200, whereas the quadratic trend
component statistically confirms the rise and subsequent
fall in the UR peak amplitudes of Group lOx20.

A separate analysis was conducted on Group 10 X20
with days and the four five-trial blocks within each day
as repeated factors. No within-session effects were iden
tified by the ANOVA for Group 1Ox20 [F(3,2l) = 1].

The analysis revealed only a significant days main effect
[F(9,63) = 2.14, P < .05], which contained only a sig
nificant quadratic trend component [F(l,7) = 6.06,
p < .05]. The significant quadratic trend component con
firms the above-noted increase and subsequent decrease
in DR peak amplitudes of Group 10 X20 across daily ses
sions of US preexposure.

Conditioning phase. The mean percentages of CRs for
Groups 1Ox20, 1x2oo, and NPSIT over the 15 lO-trial
blocks ofacquisition training were 42, 63, and 67, respec
tively. An a posteriori orthogonal contrast applied to the
group means revealed that CR performance was lower
in Group lOx 20 than in Groups 1 X200 and NPSIT
[F(I,21) = 4.38, P < .05], which did not differ from
each other [F(l,21) < 1]. Thus, retarded acquisition was
observed only in Group 10 X20, which received 200 US
preexposures distributed over 10 sessions.

Figure 2 depicts the mean percentage of CRs during
the 15 1Q-trial blocks of conditioning for Groups lOx 20,
1 X2oo, and NPSIT. The figure shows that CRs gradu
ally increased over blocks of conditioning trials for all
three groups. A significant blocks main effect [F(14,294)
= 33.60, p < .01] yielded by a repeated measures
ANOVA statistically confirmed that all groups acquired
CRs during conditioning. The figure also shows that the
initial occurrence ofCRs was retarded in Group 1OX20,
but once CR acquisition commenced, it occurred at about
the same rate as in Groups 1 X200 and NPSIT. The ab
sence of a block X group interaction [F(28,294) < 1]
in the repeated measures ANOVA is consistent with the
apparent parallel acquisition functions. Therefore, 200 US
preexposures, given in either 1 or 10 sessions does not
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Figure 2. The mean percentage of conditioned responses (CRs) during the 15 10
trial blocks of conditioning for Groups 10x 20, 1 x 200, and NPSIT in Experiment 1.

appear to influence the rate of NM CR acquisition, once
conditioning commences.

Discussion
Experiment 1 reproduced three effects that have been

reported previously. First, during the preexposure phase
Group 10 X 20 showed an initial increase in daily UR am
plitudes that is consistent with previous reports of in
creases in UR amplitude over successive preexposure ses
sions (Mis & Moore, 1973; Saladin & Tait; 1986;
Suboski, DiLollo, & Gormezano, 1964). However, it
should be noted that the decline in the UR amplitudes ob
served over the last 2 days of preexposure in Group
10 X 20 is atypical and reflects the contribution of a large
decrease in UR amplitude of a single subject. Neither our
previous research (Saladin & Tait, 1986) nor our subse
quent research (Saladin & Tait, 1988) has produced a sub
ject that showed a similar pattern of UR changes. Sec
ond, the retardation of the onset of conditioning in Group
IO>:20 replicated previous studies that showed that 20
paraorbital shock US preexposures in each of 10 suc
cessive sessions produced retardation of excitatory nic
titating membrane (Saladin & Tait, 1986) and eyelid
(Hinson, 1982) conditioning in the rabbit. Finally, the
retardation of conditioning was demonstrated only in the
group that showed an increase in mean UR amplitudes
during US preexposure. Similar concordance between
retarded acquisition and increases in UR amplitudes have
been reported by Mis and Moore (1973) and Saladin and
Tait (1986).

The most notable observation from Experiment 1 was
the absence of a preexposure effect on the acquisition of
Group 1 x200. Group 1 X 200 received the same number
of USs, the same density of USs, and the same total du-

ration ofexposure to the conditioning context as did Group
10x20. Therefore, the groups should have had equiva
lent terminal levels of contextual conditioning. Given
equivalence in the amount of contextual conditioning, both
the contextual conditioning (Tomie, 1976) and the com
parator (Gibbon & Balsam, 1981; Jenkins et al., 1981)
models expect similar US preexposure effects on condi
tioning. Because Group 1Ox20, but not Group 1 X 200,
showed retarded acquisition during conditioning, the
results of Experiment 1 are inconsistent with the theoret
ical expectations.

EXPERIMENT 2

Experiment 1 demonstrated that the number of sessions
of US preexposures is an important determining factor
for the US-preexposure-produced retardation effect.
Previous studies have reported either a positive relation
ship between the number of US preexposures and the mag
nitude of the retardation effect (Mis & Moore, 1973) or
a positive relationship between the number of US pre
exposure sessions and the magnitude of the retardation
effect (Randich & LoLordo, 1979). However, these
studies either failed to equate the number of sessions of
US preexposures while examining the relationship be
tween the number of US preexposures and subsequent
levels of retardation (Mis & Moore, 1973) or failed to
equate the number of US preexposures while examining
the relationship between the number of sessions of US
preexposure and subsequent levels of retardation (Ran
dich & LoLordo, 1979). Thus, a question that remains
is whether or not the positive relationship between the
number of US preexposures and the magnitude of the
retardation effect will be maintained when the number of
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sessions of US preexposures is held constant. According
to the context blocking (Tomie, 1976), comparator (Gib
bon & Balsam, 1981), and habituation (e.g., Solomon &
Corbit, 1974; Taylor, 1956) models, a positive relation
ship should be observed.

Experiment 2 examined the relationship between the
number of US preexposures and the magnitude of the
retardation effect while holding constant the number of
sessions of US preexposures. To accomplish this objec
tive, four groups of rabbits received 1, 5, 20, or 40 para
orbital shock US preexposures during each of 10 daily
sessions. Where multiple shocks occurred within a ses
sion, shock density was equated. A fifth group, which did
not receive US preexposures, was included to provide a
contrast in order to detect the effects of the US pre
exposures. Following the US preexposure phase, all sub
jects received 150 CS-US conditioning trials.

Method
Subjects. Eighty naive male and female New Zealand white rab

bits, weighing between 1.5 and 2.5 kg, served as subjects.
Apparatus. The apparatus was identical to that described for Ex

periment I.
Procedure. Surgical preparation, recovery, and group assign

ment procedures were the same as those employed in Experiment I.
Moreover, the experimental parameters and criterion for CRs and
URs were identical to those employed in Experiment I.

Four groups of rabbit subjects, designated Groups 10 x t, 10x 5,
IOx20, and IOx40, received 1, 5, 20, and 40 US preexposure(s),
respectively, in each of 10 daily sessions. A fifth group of subjects
(designated Group NPSIT) was left undisturbed in their home cages
throughout the preexposure phase. Following the US preexposure
phase, 150 CS-US pairings were given to all five groups, as in Ex
periment 1.

Originally, 16 subjects were assigned to each of the five desig
nated groups. However, 1 subject in Group IOx5 had to be dis-

8

-- 10x40
- 10><20

10x5
-- 10x 1

carded due to illness. Thus, Groups IOx40, IOx20, IOx5, IOxI,
and NPSIT contained 16, 16, 15, 16, and 16 SUbjects, respectively.

Results
Preexposure phase. To determine UR amplitude differ

ences between the groups during the preexposure phase,
we applied a repeated measures ANOVA to the daily mean
UR peak amplitudes for each subject. Within-session
changes in UR amplitudes were determined for Groups
lOx4O and lOx20 by applying separate ANOVAs to the
mean UR peak amplitudes calculated for each block of
five trials.

The mean UR peak amplitudes for Groups lOX40,
lOx20, lOx5, and lOx lover the 10 days were 7.1, 7.1,
6.9, and 5.9, respectively. A posteriori orthogonal con
trasts revealed that the UR peak amplitude of Group lOx 1
was lower than the amplitudes ofGroups 10x 40, 10x 20,
and IOx5 [F(1,59) = 6.06, p < .01], which did not
differ from one another [all Fs(1,59) < I].

Figure 3 depicts the mean UR peak amplitudes for each
of the 10 days of US preexposures for Groups 10 x 40,
lOx20, lOX5, and lOx l. The figure shows that the mean
UR peak amplitudes of GroupslOX4O, lOx20, and IOx5
systematically increased over days of US preexposure,
whereas those of Group 10 x I did not. Orthogonal com
ponents for trend applied to the days effect of each group
revealed significant linear components for Groups lOx 40
[F(1,15) = 13.31, P < .01], lOx20 [F(1,15) = 7.67,
p < .01], and ioxs [F(1, 14) = 12.37, P < .01], but
not for Group lOXI [F(I,15) = 1.86]. Thus, the anal
yses confirmed that the UR amplitudes of Groups lOx 40,
10x 20, and 10 X5 increased over days of US pre
exposure, whereas those of Group 10 x 1 did not.

Finally, the examination of Groups lOx 40 and lOx 20

Days

Figure 3. The mean unconditioned response (UK) peak amplitudes for each of the 10
daily sessions of unconditioned stimulus preexposures in Experiment 2 for Groups 10x40,
IOx20, IOx5, and mxr.
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for within-session changes in mean UR peak amplitude
suggested that Group 10 x 40 evidenced a within-session
UR amplitude decrement, but that Group lOx20 did not.
Collapsed across days, the mean UR peak amplitude of
Group lOx40 decreased from a value of 7.5 mm on the
first five-trial block to a value of 6.9 mm on the eighth
five-trial block. A repeated measures ANOV A yielded
a significant blocks main effect for Group lOx40
[F(7,105) = 7.45,p < .01], which contained only a sig
nificant linear trend component [F(l, 15) = 14.91,
P < .01]. On the other hand, the ANOVA for Group
lOx 20 did not contain a significant block effect [F(3 ,45)
= 1.25]. Thus, the analyses verified that Group lOx40
showed a systematic within-session decrement in UR am
plitude but, as in Experiment 1, Group lOx20 did not.

Conditioning phase. The mean percentages ofCRs of
Groups lOx40, lOx20, ioxs, tox 1, and NPSIT over
the 15 lO-trial blocks of acquisition training were 55,54,
68, 74, and 68, respectively. A posteriori orthogonal con
trasts applied to the group means revealed that CR per
formance was lower in Groups 10x40 and lOx20 than
in Groups lOx5, lOx 1, and NPSIT [F(l,74) = 10.32,
p < .01]; the difference between Groups lOx40 and
lOx 20 was not significant [F( 1,74) < 1]; and no differ
ences among Groups 10 X 5, 10 x I, and NPSIT reached
significance [Fs(I,74) < 1]. Additionally, a series of
a posteriori contrasts were performed on the group means
obtained during the initial two blocks of acquisition to de
termine if any early transient retardation effects may have
occurred at the onset of conditioning. The analysis re
vealed that the CR performance of Group 10X 5 (M=5.5)
was lower than that observed for Groups NPSIT
(M= 15.7) and lOx 1 (M= 17.3) [F(l,74) = 9.69,

p < .01]. Thus, protracted retardation effects were ob
served only in Groups lOx20 and lOx40, whereas a tran
sient retardation effect was identified in Group 10 x 5 at
the onset of conditioning.

Figure 4 depicts the mean percentage of eRs during
the 15 lO-trial blocks of conditioning for Groups 10 x 40,
lOx20, ioxs, iox 1, and NPSIT. The figure shows that,
for all five groups, eRs increased over blocks of condi
tioning trials. A significant blocks main effect [F(l4, 1036)
= 136.65, p < .01], found in a repeated measures
ANOVA, statistically confirmed that all groups acquired
CRs during conditioning. The figure also shows that CR
acquisition occurred at about the same rate in all groups
despite any protracted or transient retardation effects. The
absence of a block x group interaction [F(56, 1036) < 1]
is consistent with the apparent parallel acquisition func
tions. Thus, US preexposures do not appear to influence
the rate of NM CR acquisition.

Discussion
During the preexposure phase, Groups lOx5, lOx20,

and 10x40 replicated previously reported results (Mis &
Moore, 1973; Saladin & Tait, 1986, 1988; Suboski et al.,
1964) by evidencing increases in UR amplitude over suc
cessive days of preexposure. The absence of a UR am
plitude increase in Group lOx 1 suggests that repeated ex
posures to the USs within each preexposure session creates
the conditions needed for the effect. It should be noted
that the UR amplitude increase over days for Group
lOx40 occurred despite the reliable decrease in ampli
tude that occurred within each session. The within-session
decrement, which was also observed in Group 1x 200 in
Experiment 1, is consistent with the expectations of non-
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Figure 4. The mean percentage of conditioned responses (CRs) during the 15 16
trial blocks of conditioning for Groups lOx40, lOx20, lOx5, lOxl, and NPSIT in
Experiment 2.
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associative (Solomon & Corbit, 1974; Taylor, 1956)
models. The absence of a within-session decrement in
Group 10 X 20 suggests that between 20 and 40 US oc
currences are required for our conditioning parameters
to produce a measurable habituation-like effect.

As in Experiment 1, there was a concordance between
the increase in UR amplitudes over days and the subse
quent retardation ofCR acquisition. Group lOx 1, which
showed no increase in amplitude, failed to demonstrate
retarded acquisition. Each of the other preexposed groups
demonstrated both an increase in daily UR amplitude and
retarded acquisition. However, UR amplitude change was
not a perfect predictor of the amount of retardation of ac
quisition. Equivalent increases in daily UR amplitudes
were obtained for Groups lOx5, lOx20, and lOx40,
yet the amount of retardation observed in Group lOx 5
was much less than that observed in Groups 10 X 20 and
lOx40, which did not differ from one another.

The present results are inconsistent with the current the
oretical accounts of US preexposure effects. The context
blocking (Tomie, 1976), comparator (Gibbon & Balsam,
1981), and habituation (e.g., Solomon & Corbit, 1974;
Taylor, 1956) models all assert that there should be a
direct relationship between the number of US pre
exposures and the magnitude of the retardation effect. In
the present study, a weak retardation effect was observed
after 50 preexposures (Group 10 X 5), and similar levels
of retarded acquisition were observed in the groups that
received either 200 or 400 US preexposures. Thus, the
results indicate that the retardation effect is produced by
some minimum critical number of US preexposures (i.e.,
greater than 50 but less than 200 US preexposures) and
that extending US preexposures beyond the minimum crit
ical number does not greatly increase the degree of
retarded acquisition.

It is possible that if additional preexposure sessions had
been given, retardation effects could have developed in
Group 10 X 1 and stronger effects found in Group iox 5.
Such an observation would have two implications. First,
it would challenge the hypothesis that a threshold num
ber of US preexposures per session is critical in deter
mining the CR retardation effect. Instead, it would im
ply that the learning processes that produce the US
preexposure effects were incomplete in the present study.
Second, such an observation would strengthen the asser
tion that the number of discrete sessions is a critical vari
able in determining retarded CR development, because
the observation implies the convergence of groups that
received dramatically different numbers of US pre
exposures per session.

GENERAL DISCUSSION

To account for the retardation of CR acquisition by
preexposure to USs, two questions need to be answered:
What are the processes that are activated when repeated
US-alone presentations are given? How do such processes

interact with discrete cue conditioning mechanisms to
yield proactive effects?

For nonassociative models (LoLordo & Randich, 1981;
Solomon & Corbit, 1974; Taylor, 1956), the answer to
the two questions is a unifactor approach that postulates
that US preexposures produce a reduction in the effec
tiveness of the US, which has the consequence of slow
ing discrete cue conditioning because a less effective US
is being employed. Three aspects of the present results
are inconsistent with this unifactor approach. First, non
associative models would expect a correlation between
UR diminution during preexposure with subsequent
retarded CR acquisition. Both Groups I x 200 (Experi
ment 1) and lOx40 (Experiment 2) showed reliable UR
decrease in UR amplitude. However, only the latter group
displayed retardation of CR acquisition. Second, when
presented with evidence that UR amplitudes increased
with repeated US preexposures, proponents of nonassocia
tive models would have to conclude that sensitization-like
effects, which would yield a more effective US, had oc
curred. As a consequence, the models would expect that
increased UR amplitudes over US preexposure should
correlate with facilitated CR acquisition. In the present
studies, which replicated previous observations (Mis &
Moore, 1973; Saladin & Tait, 1986), all groups that
showed an increase in UR amplitude over days of pre
exposure also demonstrated retarded CR acquisition. Fi
nally, if US preexposures result in a reduction in the ef
fectiveness of the US, then subsequent differences in CR
acquisition should mimic the effects of US intensity
manipulations. In rabbit NM conditioning, US intensity
manipulations result in differences in rates of acquisition
(Moore & Gormezano, 1977; Smith, 1968). In the present
experiments, the onset of conditioning was retarded, but
not its subsequent rate. Thus, the present results suggest
that although US preexposures may activate processes that
are consistent with the nonassociative models, such
processes are not major determinants of subsequent re
tarded acquisition.

In contrast to nonassociative models, the context block
ing (Randich & LoLordo, 1979; Tomie, 1976) and com
parator (Gibbon & Balsam, 1981; Jenkins et al., 1981)
associative models assume that separate processes are
needed to answer the two questions. Both positions as
sert that during the US preexposure phase, context con
ditioning occurs, presumably through the same mechan
isms that produce conditioning to discrete CSs. During
subsequent discrete cue conditioning, proactive effects
result from the interference either with the development
of associations by mechanisms (Randich & LoLordo,
1979; Tornie, 1976) that are analogous to the Rescorla
Wagner account of blocking (Rescorla & Wagner, 1972)
or with CR performance by biasing the comparator ratio
that determines performance (Gibbon & Balsam, 1981; Jen
kins et al., 1981). For both positions, the amount of inter
ference will be directly related to the degree of context
conditioning established during the US preexposure phase.



186 SALADIN, TEN HAVE, SAPER, LABINSKY, AND TAIT

In a general sense, the current results are consistent with
associative accounts. In Experiment 1, retarded CR ac
quisition occurred with multiple sessions, but not with a
single session of US preexposures. This observation
parallels the observation that discrete cue conditioning is
superior when a fixed number of trials are distributed over
sessions of conditioning relative to their occurrence in a
single session (Kehoe & Gormezano, 1974; Leventhal,
1973). In Experiment 2, retarded CR acquisition was rela
tively insensitive to the number of US preexposures
presented within each session. Again, the results paralleled
discrete cue conditioning results in which limited improve
ment in CR performance is observed with large increments
in the number of paired trials per session (Kehoe & Gor
mezano, 1974). With both the US preexposure and dis
crete cue phenomena, the insensitivity appears after some
critical value of trials per session is exceeded. Thus, both
the retardation effect of US preexposures and discrete cue
conditioning appear to be nonmonotonically related to the
number of trials per session. Because the context block
ing and comparator models expect that the degree of
retardation reflects the associative properties of the con
text and that the associative processes involved in con
text conditioning and discrete cue conditioning are the
same, our observations of parallels between the retarda
tion effects of US preexposures and discrete cue condi
tioning are consistent with the associative models.

Despite the apparent consistency with associative
models, our results are incompatible with the details of
both models. The models fail to account for either the
changes observed during the preexposure phase or the
differences observed during CR acquisition.

Although the context blocking (Randich & LoLordo,
1979; Tomie, 1976) and comparator models (Gibbon &
Balsam, 1981; Jenkins et al., 1981) are silent on issues
regarding response rules, both models argue that com
mon mechanisms underlie both context-US and CS-US
associations. Therefore, changes in response topography
that occur during US preexposures should mimic those
that are observed during discrete trial conditioning. Dur
ing discrete cue conditioning, as the CS acquires an ex
citatory association, mean UR amplitudes decrease (Done
gan, 1981; Kimmel, 1966; Terry, 1976; but see Desmond,
Romano, & Moore, 1980). Accordingly, associative the
ories of the US preexposure effect would expect a parallel
behavioral outcome as the subject learns to expect the US
in a context. In Experiments 1 and 2 (see also Saladin &
Tait, 1986) increases, not decreases, in daily mean UR
amplitudes were the best predictor of subsequent retarded
conditioning. The lack of concordance between a decrease
in UR amplitudes and subsequent retarded conditioning
indicates that either there is not a parallel between the be
havioral effects on URs of contextual conditioning and
discrete cue conditioning, or that excitatory conditioning
of the context did not occur. Neither conclusion is com
patible with the tenets of associative models.

To account for retarded acquisition, both models focus
on the molar aspects of the context by viewing the con-

text as a unitary stimulus to which learning occurs. The
context blocking model appeals to an analogy to Rescorla
and Wagner's (1972) theory to account for context con
ditioning. Thus, with a fixed US-US interval, only the
number of US preexposures should determine the amount
of contextual conditioning and subsequent blocking of dis
crete cue conditioning. The number of sessions and the
number of trials within a session should have a linear in
crementing effect only if the number of USs increases with
the manipulation. The results of Experiments 1 and 2 sug
gest that the pattern of presentations of the USs was more
important than the overall number of USs. Thus, the con
text blocking model appears to suffer from the same
problem as Rescorla and Wagner's theory in that it is not
able to account for within-sessions or, in the case of the
analogy, "within-trials" effects (see Mazur & Wagner,
1984).

Comparator models attribute retarded CR acquisition
to the higher initial value of the expectancy of the US in
the context relative to the value of the developing expec
tancy of the US to the CS. While the asymptotic value
of the expectancy controlled by the context is determined
by US density within the context during the preexposure
phase, the acquisition of the expectancy is directly related
to the number of US preexposures. Because the densities
of US preexposure were identical for all groups in our
two experiments, comparator theories would predict no
between-group differences in Experiment 1 where the
number of US preexposures were matched between the
groups, and a monotonic function across groups in Ex
periment 2 where the number of US preexposure varied
between groups. Neither prediction was confirmed.

The major problem with the two associative models is
their focus on molar events as the basis of theoretical
mechanisms. Neither approach formally allows for be
havioral effects that result from temporal dynamics. A
potential resolution of this problem occurs in the recent
comparator model presented by Miller and Schachtman
(1985), which adopts a molecular approach to contextual
conditioning mechanisms. Although Miller and Schacht
man's model allows for temporally localized contextual
effects, the mechanisms responsible for the conditioning
of localized contextual effects have not, as yet, been
elucidated.

The results of Experiment 1 and 2 suggest that repeated
exposures to the context in which a threshold number of
US presentations occur is critical in causing retarded ac
quisition. Unfortunately, the results do not elucidate why
repeated exposures to the context are critical. Two pos
sibilities can be suggested. First, repeated exposures to
the situation may be necessary to entrain associative
processes to distinctive situational cues (Mazur & Wagner,
1984; Saladin & Tait, 1988). More specifically, it is pos
sible that cues that predict the onset of the experimental
session (e.g., placing the rabbits in the restraining boxes,
closing chamber doors, initializing white noise, etc.) could
serve to trigger associative processes, and that repeated
experiences (i.e., sessions) with the sessional onset cues
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may be necessary to entrain the associative processes to
the sessional onset cues. Alternatively, repeated sessions
may be necessary to consolidate contextual conditioning
(Moore & Gormezano, 1977). The latter alternative would
not seem necessary if the consolidation involved excita
tory associations (McAllister & McAllister, 1971), but
might be necessary if inhibitory associative dynamics un
derlie the CR retardation effect (Saladin & Tait, 1986).
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