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Preexposure to explicitly unpaired conditioned
and unconditioned stimuli retards conditioned

response emergence

WILLIAM F. PROKASY, CHARLES W. SPURR, and NANCY A. GOODELL
University of Utah, Salt Lake City, Utah 84112

An aversive nictitating membrane conditioning experiment, with rabbit subjects, was
designed to address two questions concerning stimulus contingencies experienced prior to the
emergence of conditioned responses (CRs). Will initial conditioned stimulus/unconditioned stim
ulus (CS-US) pairings insufficient in number to result in CRs have a between-sessions enhance
ment effect on subsequent performance? Will exposure to explicitly unpaired CSs and USs
retard the emergence of CRs? There was no evidence of a between-sessions enhancement effect.
However, exposure to unpaired CSs and USs did delay CR emergence, although it did not have
any effect once CRs had emerged. It was concluded that the initial negative CS-US contingency
experience was more likely to have retarded the detection of the CS-US pairing contingency
than to have affected response selection and/or organization.

It is evident that rabbit subjects learn that a
conditioned stimulus/unconditioned stimulus (CS-US)
contingency exists substantiaJly before they exhibit
any evidence of a nictitating-membrane conditioned
response (CR). First, differential cardiac activity occurs
in rabbits within 10 conditioning trials (Prokasy , 1965;
Schneiderman, Smith, Smith, & Gormezano, 1966) ,
while typicaJly as many as 20 or more conditioning
trials are required before there is evidence of a
nictitating-membrane CR (e.g., Prokasy, 1973). Second,
recent evidence from the Thompson laboratory
(Thompson, 1976) shows quite clearly that contingency
related multiple-unit activity in the hippocampus occurs
in rabbits within 10 CS-US trials and that this activity
appears before the nictitating-membrane response
develops.

Given this information, two questions are posed.
The first has to do with consolidation effects. If subjects
are given enough paired trials to assure contingency
detection, but not enough to permit CRs to emerge,
will subsequent CR acquisition be enhanced in a later
conditioning session relative to that of subjects who do
not receive a break between conditioning sessions? We
already know that there is overnight enhancement
from session to session with relatively few trials
per training session (e.g., Hupka. :Massaro, & Moore,
1968) , but we do not know the extent to which the
enhancement is attributable to influences not associated
directly with the fact that CRs are taking place.

The second question has to do with the kind of
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information received by subjects prior to CS-US pairing.
If, as appears to be the case, subjects can detect
contingencies rapidly, will exposure to a negative CS-US
contingency (i.e., explicitly unpaired CS and US
trials) retard the detection of a subsequent positive
contingency (i.e., CS-US pairing) and thereby delay the
emergence of CRs? Rate of CR acquisition has been
shown to be retarded foJlowing extensive exposures
to CS-alone trials (e.g., Solomon , Brennan, & Moore,
1974) and to US-alone trials (Mis & Moore, 1973).
In the present experiment, we are concerned with
relatively few exposures to CS and US, a number that
assures contingency detection but that is not likely to
be sufficient to result in inhibitory effects traceable
strictly to the noncontingent presentation of either
CS or US. A backward-pairing preexposure group
was employed in addition to other controls. The purpose
was, first , to determine if there would be any negative
transfer effect of backward pairing, and second, to
assure that any effect of the explicitly unpaired
contingency would not be a generalized effect that
might occur as a result of any contingency other than
that of CS-USpairing.

Both questions can be understood better within the
framework of the two-phase model .of conditioning
(Prokasy , 1972, 1973, 1974). There are two phases
required to describe performance across trials. During
Phase I there is no departure from baseline responding
and it is during this phase that contingency detection
and response selection (or development) must take place
(see, e.g., Prokasy, Clark, Williams, & Spurr, 1975).
Changes in response likelihood are observed in Phase 2.
Response probability on Trial i, Pi is expressed as:
(I)Pi=Po , i= I , K; (2)Pi=Pi-1 + 0. (AI -Pi-d,
i > K, given CR, US on Trial i -I ; (3) Pi =Pi- 1 +
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O2 (A2 - Pi-I), i > K, given CR, US on Trial i-I ;
(4)Pi=Pi_1 + 03 (A3 - Pi- d, i>K, given CR, US
on Triali-l; (5)Pi=Pi-1 +04 (~-Pi-d, i>K,
given CR, US on Trial i-I ; where Po is the initial
response likelihood, the Os are rate-change parameters,
the As are operator limits , and K is the trial of transition
between Phase 1 and Phase 2.

Within the framework of the model, the first problem
is to determine whether or not , following contingency
detection, there is an overnight consolidation effect
that reduces the number of trials required for response
selection (or development) and thereby reduces the
duration of Phase 1 (i.e. , the value of K). The second
problem is to determine whether or not nonpairing
contingencies in a preexposure session delay the
acquisition of a CS-UScontingency and thereby increase
the duration of Phase 1. Note that in either instance
nothing precludes a treatment effect during Phase 2.
Any Phase 2 effect, however, would be interpreted to
be an effect directly on the response system rather than
on any interference with or enhancement of the
detection of a CS-US contingency.

METHOD

Subjects
Data are reported for 105 adult male albino rabbits, weighing

2.5-3.5 kg each, obtained from the University of Utah Vavarium.
Due to either apparatus malfunction or a failure to show CRs
within 250 conditioning trials, eight subjects were dropped,
with no more than two being lost from anyone group. The
subjects were maintained on ad-lib food and water throughout
the experiment except when in the conditioning apparatus.

Apparatus and Procedure
Rabbits were run four at a time in a lighted room in visually

isolated chambers. The restrainers were of the type described
by Gormezano (1966). Membrane responses were recorded as

a de signal with a Giannini potentiometer mounted on the
rabbit's head and hooked into a nylon loop sutured into the
right nict itating membrane of the day prior to the first
experimental session. If the voltage signal met the software
programmed criteria for a CR (a signal equivalent to a minimum
nictitating-membrane response extension of less than 1 mm
occurring during the fmal 200 msec of the interstimulus
interval) , the signal was converted to a latency from CS onset
and stored on line tape by a PDP-I2 computer.

Stimulus parameters remained essentially the same over
both days of the experiment. The CS was a l,OOD-Hz 30-<1B
tone (re .0002 dynes/em') of 25D-msecduration and the US was
a J.D-mA infraorbital eyeshock of 5D-msec duration delivered
through · two stainless steel wound clips (Clay-Adams, 9 mm).
The CS-US interval was 250 msec during all paired presentations.
The intertrial interval was 40, 50, or 60 sec, averaging 50 sec. A
65-<1B continuous background white noise was used throughout
both sessions. All subjects were given a 15-min adaptation period
in the apparatus prior to each session.

Subjects were randomly assigned to one of seven experi
mental groups. The groups were designated according to the
Day 1 preacquisition session treatment as follows: Group I
(N =14) received 15 forward-paired trials ; Group 2 (N =15)
received 15 backward-paired trials ; Group 3 (N = 15) received
15 explicitly unpaired presentations of both the CS and the
US; Group 4 (N = 15) received 15 CS presentations; Group 5
(N =15) received 15 US presentations; Group 6 (N =16)
received no stimulus presentations while restrained in the
apparatus; and Group 7 (N =15) was not put into the apparatus
at all on Day 1. On Day 2 all subjects were given 250 paired
CS-USpresentations.

RESULTS

Best-fit parameters were obtained separately for
each subject using the computer subroutine STEPIT
(Chandler, 1969). Estimates were obtained for
each of the following Phase 2 assumption categories:
(I)A1 =A2,01 =02;(2)A1 =A2,01 *02;(3)A1 *A2,
0 1 =0 2 ; (4) Al *A2 , 0 1 *02 , Based upon a goodness
of-fit index, subjects were then classified into one of

Table 1
Mean Parameter Estimates and Terminal Response Probability (TRP) for Session 2

Group TRP K* Assumption n 0, AI 0. A.

.839 25.20 A 8 .339 .877 .339 .877
C 6 .600 .928 .600 .448

2 .821 28.75 A 8 .298 .909 .298 .909
C 7 .408 .880 .408 .449

A 7 .203 .843 .208 .843
3 .721 48.29 C 7 .532 .866 .532 .408

D 1 1.000 .848 .263 .034

4 .845 27.20 A 10 .229 .890 .229 .890
C 5 .458 .926 .458 .353

5 .767 37.25 A 12 .324 .859 .324 .859
C 3 .509 .795 .509 .291

6 .839 32.30 A 14 .321 .873 .n1 .873
C 2 .450 .826 .450 .503

A 12 .309 .878 .309 .878
7 .839 30.80 C 2 .222 .882 .222 .438

D 1 .778 .942 .390 .088

*AI'C'rOKed across all assumptions within each group.
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the four assumption categories. The details for making
this classification are provided elsewhere (Clark &
Prokasy, 1976; Prokasy et al., 1975) and will not be
repeated here. Po was assumed to be .02 for all subjects.

Table 1 contains the mean parameter estimates for
Phases I and 2, the number of subjects falling in each
assumption category , and terminal performance level
over the final 100 trials of training. It is to be noted
that, with two exceptions, all subjects were categorized
under either Assumption I or Assumption 3. Moreover,
all subjects classified either Assumption 3 or under
Assumption 4 had Al greater than A2' a typical finding
with this preparation (e.g., Prokasy, 1973).

To determine whether there was any overnight
facilitation associated with subjects receiving their
first IS paired trials during the pretraining session,
a Mann-Whitney U test was employed to contrast the
values of K between Groups 1 and 6. K was estimated
in both groups based upon Session 2 performance but,
in view of the fact that Group 1 had received 15 paired
trials during the preexposure session, it was necessary
to add a value of IS to the K value for each subject
in that group. Median K was less for Group 1, but the
difference was not Significant [U(l4,16) =111.5].
In addition, there were no reliable between-groups
effects found in the parameter estimates for Phase 2.
Thus, there is no evidence of overnight facilitation
either on the duration of Phase 1 or on the parameters
of Phase 2. As Table 1 indicates, there was no difference
in terminal perfonnance levels, either .

To determine whether the use of explicitly unpaired
CS and US trials during the pretraining session had a
retarding effect upon acquisition, Groups 3 and 6 were
contrasted. The duration of Phase 1, indexed by K,
was significantly longer in Group 3 than in Group 6
[U(15,16) = 58.0] . No reliable between-groups
differences were found in the parameter estimates of
Phase 2 or in terminal response levels. Thus, exposure
to explicitly unpaired CSs and USs retarded acquisition
by delaying the onset of Phase 2, but did not affect
performance during Phase 2.

Although Groups 3 and 6 did differ in the duration
of Phase 1, the contrast between the two groups was not
sufficient to assure that the effect was attributable to
the negative contingency. To this end, Groups 4 and 5,
the CS-alone and US-alone groups, respectively, were
also contrasted with Group 6. There were no reliable
differences among these groups either in parameter
estimates or in terminal response levels. Group 2, which
received US-CS pairings during the preexposure session,
did receive contingency trials prior to the conditioning
session and received, as well, as many CS and US
prexposures as did Group 3. There were no reliable
differences in parameter estimates or terminal response
levels between Groups 2 and 6.

DISCUSSION

The first question posed for this study was that of whether
there is any evidence of overnight enhancement on conditioning
performance when the overnight break is taken following a time
when CS-US contingency detect ion could be said to have
occurred, but yet prior to the emergence of a CR. Within the
limits of failing to reject the null hypothesis , it can be said that
there is no evidence of pre-CR overnight enhancement, an effect
that is quite powerful once CRs have emerged (e.g., Hupka et aL,
1968). The duration of Phase 1 (i.e., the pre-CR emergence
phase) did not differ as a function of whether the 15 initial
paired trials occurred as part of the extended conditioning
session or in a brief session preceding by 24 h the extended
session. The provisional conclusion is that overnight enhance
ment at most only minimally reflects associative-system changes
and more likely reflects variables determining response
generation (i.e., variables that operate directly during Phase 2).

The more interesting outcome relates to the second question:
Are there contingencies during a pretraining phase that can
retard the detection of a CS-US contingency? The answer to
this would appear to be positive. Specifically, the introduction
of explicitly unpaired CSs and USs during a preexposure session
extended the duration of Phase 1 during conditioning relative
to that of controls receiving preexposures that did not include
a negative correlation of CS and US. Thus, the introduction of
experience with a CS and US that are negatively correlated
increased Phase 1 duration when the negative correlation became
positive.

If the effect of the negative correlation between CS and US
during preexposure reflected simply the fact that CS-US
contingencies other than CS-US pairing produce interference,
then preexposure to US-eS pairings might similarly have been
expected to affect the duration of Phase 1. This did not happen.
The present results suggest, therefore, that the negative
contingency itself, that is, a situation in which the conditional
likelihood of the US occurring in the proximity of the CS is
zero and vice versa (see, e.g., Prokasy, 1965), retards the
transition from Phase 1 to Phase 2.

While we have interpreted the effect of the negative
contingency to be one of retarding the detection of CS-US
pairing, an alternative possibility is that the negative correlation
between CS and US retarded response-strength development.
This is not considered to be a likely explanation, however, since
there were no Phase 2 effects of the preexposure experience.
If the negative contingency had its effect on the development
of response strength or on the ease with which a CS could
elicit a CR, there is every reason for that impact to be reflected
in the parameter estimates for Phase 2.

One other way in which the negative contingency could have
functioned is to have delayed the selection of a particular CR
(i.e., the membrane response) from an unspecified array of
possible responses. Prokasy et al. (1975) have pointed out that
Phase 1 must include a response selection and/or organization
segment, and it is possible that the negative contingency
extended the time, following CS-US contingency detection,
required to complete that segment of Phase 1. While this, in our
view, does not appear to be a plausible explanation, one way
to assess this would be through multiple-unit recording from the
dorsal hippocampus. As Thompson and his associates have
shown (Thompson , 1976) , multiple-unit activity appears after
fewer than 10 CS-US pairings. If this activity is not delayed
following a negative CS-US contingency exposure, but Phase 1
duration is extended, it might then be argued that the negative
contingency operates not on CS-US pairing detection, but on
response selection.
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