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Positive conditioned suppression after shifts
in CS duration and US probability

DONALD MELTZER
Southern Illinois University, Carbondale, Illinois

Rats were reinforced with a sucrose solution on a VI schedule for pressing a lever. Six CSs were
presented during each session. CS duration was 2 min in two groups and 10 sec in the other two
groups. The probability of a food-pellet US was .5 for one of the two groups with each CS dura
tion and 1.0 for the other. After 16 sessions, CS duration was shifted to 10 sec and US probability
was .5 for all subjects. The subjects for which preshift. CS duration had been 10 sec showed posi
tive conditioned suppression during postshift. CSS. The subjects for which preshift CS duration
was 2 min did not develop postshift positive conditioned suppression.

A number of studies have described the phenomenon
known as positive conditioned suppression (e.g., Azrin
& Hake, 1969; Hake & Powell, 1970; Karpicke , 1978;
Karpicke , Christoph, Peterson, & Hearst, 1977; Meltzer
& Brahlek, 1970; Meltzer & Hamm, 1978; Van Dyne,
1971). In these experiments, rats made free operant
responses for an appetitive reinforcer. While the subjects
were responding, they were presented with short-duration
conditioned stimuli (CSs) followed by appetitive uncon
ditioned stimuli (USs). The USs were the same as the rein
forcers in some studies and different in others . Response
rates decreased during the CSs compared with pre-CS
response rates. In other studies, longer CS durations were
used and response rates increased during the CSs (Edgar,
Hall, & Pearce, 1981; Meltzer & Brahlek, 1970; Melt
zer & Hamm, 1978). This rate increase during the CS
has been termed " conditioned enhancement."

The response rates during the CS were also affected
by the schedule of reinforcement for the operant response.
Details of procedure differed, but when rats were the sub
jects, leaner reinforcement schedules, along with the lower
response rates they produced , led to weaker positive con
ditioned suppression or stronger conditioned enhance
ment. In other words, a reduction in reinforcement fre
quency and response rate either led to a smaller rate
decrease during the CS or shifted rate changes during the
CS from decreases to increases (Edgar, Hall, & Pearce ,
1981; Lovibond , 1981; Meltzer, 1986).

In one set of circumstances, however , the rate changes
during short CSs were quite different. Meltzer and Hamm
(1974) conditioned three groups of rats to press a lever
for reinforcement on a variable interval (VI) schedule.
The rats were then presented with six 2-min CSs during
each session. The subjects in the first group received a
food-pellet US at the end of each CS. Those in the sec
ond group received a US after four of the six CSs. Those
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in the third group received US after two of the four CSs.
The subjects in the first two groups responded at signifi
cantly higher rates during the CS than during the pre-CS
baseline, and the increase was significantly larger for the
first group than for the second. The CS duration was
reduced to 8 sec during the second part of the experiment.
The subjects for which a US followed each CS increased
their response rates slightly during the CS. The subjects
in the other two groups responded at significantly higher
rates during the CS, relative to their pre-CS rates .
Moreover, the increase in CS response rates was signifi
cantly greater as the number of sessions increased .

It was possible that the increased rate during the short
CSs was caused by the fact that the US did not follow
every CS. Therefore, Levinson and Meltzer (1977) com
pared the performance of one group of rats during 10
sec CSs that were followed by a US with the performance
of another group of rats in which the probability of a US's
following a CS was .5. The subjects in the former group
responded at significantly decreased rates during the CS,
while those in the latter group responded at approximately
the same rate during the CS and the pre-Cs baseline.
These results meant that the increased rates observed by
Meltzer and Hamm (1974) during short CSs occurred be
cause the short CSs followed prior conditioning with long
CSs. However, the role of US probability was unclear .
Either a partial schedule of US presentations throughout
the experiment led to increased CS rates when short CSs
followed long ones, or a partial US schedule was needed
only when the short CSs were introduced. In the latter
case, US probability was irrelevant during the first part
of the experiment, in which long CSs were used. The
present study examined these alternatives.

MEmOD

Subjects
The subjects were 23 male hooded rats, between 90 and 120 days

old at the beginning of the experiment. They were maintained on a 23
h food deprivation schedule . Water was always available in the animals'
home cages.
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Apparatus
The rats were tested in standard operant conditioning chambers with

interior dimens ions of22.2 x 19.1 x 19.1 cm. The front wall of each
chamber had a response lever 3.2 cm to the right of center and 6.4 cm
above the grid floor, a liquid dipper 4.4 cm from the left wall and 1.0 cm
above the floor, a food-pellet cup 3.0 em from the right wall and 3.0 em
above the floor, and a cue light 15.0 cm above the liquid dipper . Each
chamber was placed in a ventilated, sound-attenuating enclosure . White
noise was always present in the experimental room. Electromechanical
equipment in an adjacent room controlled the stimuli and reinforcements
and recorded the responses.

Procedure
All the subjects initially underwent two to four sessions in which they

periodically were given free 45 mg food pellets or free presentations
of a 10% sucrose solution (by weight) . The lever was removed from
the chamber during these sessions, and the subjects were observed in
order to ensure that they responded promptly to the delivery of both
food and sucrose. The response lever was then introduced , and it re
mained in the chamber for the rest of the experiment. Thesubjects were
reinforced with 0.1 cc of the sucrose solution for every lever press, until
each subject made 30 responses in less than 30 min. This required one
to five sessions of varying duration for the various subjects . Each sub
ject was then reinforced with the sucrose solution on a VI 3O-sec schedule
for three 45-min sessions. During the next five 45-min sessions, each
subject was reinforced with the sucrose solution on a VI 2-min schedule.

Thesubjects were then divided into four groups. The VI 2-min schedule
of sucrose reinforcement for lever pressing was maintained for all sub
jects in each group throughout the experiment. The six subjects in the
first group were presented with a 2-min light CS, six times during each
session. A 45-mg food pellet followed three of the light CSs, but there
was no food or other stimulus event following the other three CSs. The
sequence of CSs followed by food and CSs not followed by food was
changed for each session. Four different sequences were used during
the course of the experiment. Mean time between CS onsets was 6.5 min.

The five subjects in the second group received the same number of
2-min light CSs at the same intertrial intervals as did the subjects in
the first group. However, each CS was followed by a food-pellet US.

There were six subjects in both the third andfourth groups; light was
also the CS for these groups , but the CS duration was 10 sec. Three
of the six CSs were followed by food for the third group, and, as with
the first group, the sequences of CSs followed by food and CSs not fol
lowed by food were changed for each session. Four different sequences
were used . All six CSs were followed by food for the fourth group .
Mean time between CS onsets was 6.5 min as for the first two groups ,
but this meant that mean time between food USs was 8.5 min for the
first two groups and less than 6.7 min for the last two groups .

After 16 sessions the procedure was changed . The CS duration was
set at 10 sec for all subjects, and food followed only three of the six
CSs . In other words , all the subjects now received the same CS-US
sequences as had the subjects in the third group during the preceding
16 sessions. This procedure continued for 8 sessions .

The responses were recorded for each subject during the six CSs and
during an interval of equal duration just before the onset of the CS in
each experimental session . Each response observation was converted
to a rate measure of responses/minute for data analysis.

RESULTS

The data from the last eight preshift sessions were ana
lyzed to determine the effects of CS duration and US prob
ability on peformance. Subjects that received a 2-min CS
made a mean of 14.7 responses/min during the pre-CS
interval and increased their response rate to 17.6
responses/min during the CS. Subjects that recieved a 10
sec CS made 18.2 responses/min during the pre-CS in
terval and decreased their response rate to 16.0 re-

spones/min during the CS. This interaction between CS
duration and stimulus condition (i.e., pre-CS relative to
CS) was significant [F(1,19) = 8.229,p < .01], and tests
of simple main effects showed that both the increased rate
during the 2-min CS and the decreased rate during the
lO-sec CS were significantly different from the rates of
the same subjects during the respective pre-CS intervals.
Simple main effects also showed that the pre-CS rates for
the different stimulus duration groups were significantly
different, but that there were no differences among their
rates during the CS. The differences in pre-CS rates prob
ably occurred because the interval between a food-pellet
US and the beginning of the next CS was the same in both
groups . Therefore, the time between food pellets was
1 min 50 sec shorter for subjects that had 10-sec CSs, and
their session durations were 11 min shorter. Both pre-CS
intervals and CSs came earlier in the session for the sub
jects given 10-sec CSs than for those in the 2-min groups .
On the other hand, rates decreased during short CSs and
increased during long CSs, which would explain why
there were no differences among the groups' CS rates .

US probability had no effect on response rate , nor was
US probability a factor in any significant interactions .
There were no other significant main effects or interac
tions in this analysis .

The data from the eight postshift sessions, during which
the CS duration was lO sec for all subjects, were also ana
lyzed . The subjects that had been given 2-min CSs prior
to the shift responded at 21.1 responses/min during the
pre-CS interval and 21.4 responses/min during the CS.
The subjects that had been given lO-sec CSs prior to the
shift responded at 23.1 responses/min during the pre-CS
interval and 15.2 responses/min during the CS. This in
teraction between preshift CS duration and current stimu
lus condition (i.e., pre-CS relative to CS) was significant
[F(1,19) = 13.68, P < .00 1]. Tests of simple main ef
fects showed that the difference between pre-CS and CS
rates was not signficantly different for subjects that had
experienced preshift CSs of2-min duration. However, the
lower rate during the CS for subjects that had experienced
the 10-sec CS was significant . Figure 1 shows the pre
CS and CS response rates during each postshift session
for the two different preshift duration groups .

The analysis also revealed that the mean response rate
increased significantly over the eight postshift sessions
[F(7,133) = 4.01, P < .001]. However, as Figure I
shows, the rate change occurred because the pre-CS
response rate increased over the eight postshift sessions
while the CS response rate was relatively stable. This in
teraction between stimulus condition and sessions was sig
nificant [F(7,133) = 2.886, p < .01] . Tests of simple
main effects confirmed that the subjects that experienced
Io-sec CSs prior to the shift responded at lower rates dur
ing the CS relative to pre-CS in all but the first postshift
session . Moreover, the magnitude of the difference be
tween CS and pre-CS rates was significantly greater dur
ing the last six postshift sessions than during the first two.
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FJgUI'e 1. Mean response rates for the pre-CS interval and the CS duration in each post
sbift session are shown above. The panel on the left shows the mean rates of subjects for
which presbift CS duration was 10 sec. The panel on the right shows the mean rates of sub
jects for which the presbift CS duration was 2 min.

There was no significant postshift difference between CS
and pre-CS rates in any session for the subjects that ex
perienced a 2-min CS in preshift sessions.

DISCUSSION

These results demonstrate that there were irreversible effects of prior
CS duration on performance during short CSs followed by a food US
on a partial schedule. The rats responded at reduced rates during short
CSs, as hasusually been described, but only if they had not previously
experienced long CS durations. When they hadexperienced long CSs,
they responded at approximately the same rate during the CS and base
line conditions. No such irreversible effect seems to occur when a short
CS is always followed by a food US (Meltzer & Brahlek, 1970).
However, Meltzer and Hamm (1974) found that when the US probabil
ity was less than 1.0, the response rate during a short CS was much
higher than the pre-eS rate in the second part of an experiment if a long
CS had been used in the first part . There was no such rate increase dur
ing the short CS in the present study.

The US probability during the first part of the experiment had no ef
fect on the differencebetweenpre-eS and CS responserates in this study.
Mean response rates were lower during the CS than during the pre-CS
baseline, regardless of whether the US probability in the first part of
the experiment had been .50 or 1.00. This result may seem to conflict
with the report by Meltzer and Hamm (1974), but it is easily explained
by the fact that each subject in the earlier study experienced the same
US probability before and after the shift in CS duration. When the CS
duration was reduced, the subjects that had experienced US probabili
ties of less than 1.0 responded at much higher rates during the CS than
during the pre-CS intervals. However, the present study showed that
the same effect probably would have occurred if the US probability had
been 1.0 when CS duration was long and hadbeen reduced to less than
1.0 simultaneously with the reduction in CS duration.

There are several possible explanations for these results. The most
obvious one is that contiguitybetween the operant responseand the food
US was a more common event for the subjects that were exposed to
a long CS during the first part of the experiment. Consequently, super
stitious conditioning would sustain high rates of the operant response
when the CS duration was reduced. The objections to such a hypothe-

sis are (1) that it would predict a similar result when the US probability
was 1.0 in both parts of the experiment, and (2) that this does not hap
pen (Meltzer& Brahlek, 1970; Meltzer& Hamm, 1974). The shift from
a long to a short CS under such conditions causes the CS response rate
to decrease, relative to pre-Cs rates.

Another possibility is thatthe superstitious response is reallya response
suppression during the short CS. Such a reduction could be caused by
either sign tracking (Hearst & Jenkins, 1974) or reinforcement track
ing (Boakes, 1979). A reduced US probability would make such
responses less likely but not impossible. If a subject experienced only
short CS durations, responsesuppression might still develop. However,
prior experience with long CS durations that caused CS response rates
either to increaseover baseline rates or to remain unchangedmight block
the development of superstitious suppression. This would explain why
preshift CS duration affected the results while preshift US probability
did not.
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