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FELDON, J. AND I. WEINER. Amphetamine and the multitrial partial reinforcement extinction effect (PREE) in an
operant chamber: Procedural modifications that lead to an attenuation of the PREE. PHARMACOL BIOCHEM BEHAV
41(2) 309-315, 1992. —The partial reinforcement extinction effect (PREE) consists of the fact that animals receiving partial
reinforcement (PRF) exhibit higher resistance to extinction than animals receiving continuous reinforcement (CRF). In
previous studies, we found that amphetamine (AMPH) did not affect resistance to extinction of PRF animals trained with a
multitrial procedure, but abolished resistance to extinction of PRF animals trained with a 1 trial/day procedure. Based on
theoretical distinctions regarding the processes underlying the development of increased resistance to extinction at short and
long intertrial intervals, we suggested that AMPH disrupts the formation of a context-mediated association between stimuli
associated with nonreinforcement and subsequent reinforcement. To examine further this possibility, we designed conditions
in a multitrial PRF procedure that do not allow a direct association between stimuli associated with nonreinforcement and
reinforcement, and thus promote a context-mediated association between them. Two experiments were conducted in an
operant chamber. In experiment 1, instead of the conventional 50% schedule of reinforcement throughout PRF training,
days of 33% schedule of reinforcement were interspersed with days of continuous reinforcement; in experiment 2, a block (5
days) of 50% PRF schedule was alternated with a block (5 days) of CRF training, given either prior to or following PRF. In
experiment 1, interspersing days of CRF training with days of 33% reinforcement schedule led to an attenuation of the PREE
in AMPH-treated animals. In experiment 2, control animals that received CRF training either prior to or following PRF
training exhibited a PREE similar to animals trained on PRF alone. AMPH-treated animals trained on PRF alone showed a
robust PREE, but failed to exhibit PREE in both the CRF-PRF and PRF-CRF conditions. These results show that whereas
amphetamine-treated animals exhibit increased resistance to extinction when trained on a multitrial PRF schedule and
transferred to extinction, the drug attenuates/abolishes the effects of PRF training on extinction when such a schedule is
embedded in CRF training.

Partial reinforcement Continuous reinforcement Resistance to extinction Amphetamine

IN the partial reinforcement extinction effect (PREE) para-
digm, animals are trained in the acquisition stage to perform
an instrumental response, such as running in a straight alley
or bar pressing, for food reward. One group, the continuous
reinforcement (CRF), receives a reward on every trial. The
second group, the partial reinforcement (PRF), receives a re-
ward only on a certain proportion, typically random 50%, of
the trials. In the second stage, the two groups are tested in
extinction, that is, no rewards are delivered on any of the
trials. The PREE refers to the fact that PRF animals show
increased resistance to extinction as compared to CRF animals
13).

In a series of experiments, we tested the effects of 1 mg/kg

D-amphetamine on the PREE using a 1 trial/day (26,30) or a
multitrial (5,6) procedure. The results of these experiments
revealed a different action of amphetamine on the PREE in
the two procedures. In the 1 trial/day procedure, the PREE
was abolished. This abolition was due to an absence of in-
creased resistance to extinction in PRF animals, while the ex-
tinction in CRF animals was unaffected. Since the develop-
ment of increased resistance to extinction in PRF animals is
considered to reflect the fact that these animals learn to re-
spond in the presence of stimuli associated with nonreinforce-
ment (NR) (7,14), these findings indicated that amphetamine
disrupts the effects of such stimuli on behavior. To substanti-
ate further this conclusion, we tested the effects of amphet-
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amine on the PREE using a multitrial procedure. In contrast
to results obtained with the 1 trial/day procedure, amphet-
amine did not affect the multitrial PREE in both a runway (5)
and an operant chamber (6). We suggested that this discrep-
ancy reflects a different action of amphetamine on the pro-
cesses underlying the development of PREE at short and long
intertrial intervals (ITT’s) (5,6).

At short ITD’s, stimuli elicited by nonreinforcement (mem-
ory traces of NR) are associated directly with reinforcement
(R) on reinforced trials (3,7,14). This process is evidently not
affected by amphetamine, as the PREE at short ITI’s remains
intact under the drug. At long ITI’s, the association between
nonreinforcement-elicited stimuli and reinforcement is medi-
ated via the context: NR-produced stimuli are conditioned to
the apparatus cues, which are in turn associated with rein-
forcement on the reinforced trials (1,7,14). The fact that am-
phetamine abolishes the PREE at long ITI’s indicates that this
drug disrupts the formation of such context-mediated associa-
tion.

To examine further this possibility, we designed conditions
in a multitrial PRF procedure that were expected to promote
a context-mediated association between NR-produced stimuli
and reinforcement, with the expectation that under such con-
ditions the multitrial PREE also would be abolished by am-
phetamine. Two experiments were conducted in an operant
chamber. In experiment 1, instead of the conventional 50%
schedule of reinforcement throughout PRF training, days of
33% schedule of reinforcement were interspersed with days of
continuous reinforcement. In experiment 2, a block (5 days)
of 50% PREF schedule was alternated with a block (5 days) of
CREF training, given either prior to or following PRF. We
assumed that the introduction of full days of CRF training
would prevent a direct NR-R association since animals cannot
remember the outcome of preceding trials, or their sequence,
over days of training (14). Consequently, under these condi-
tions, the formation of NR-R association would be mediated
by contextual cues.

EXPERIMENT 1

METHOD
Subjects

Thirty-six male Wistar rats, approximately 4 months old,
were housed four to a cage under reversed-cycle lighting. They
received food for 1 h each day in the home cage, with water
freely available.

Apparatus

Four Campden Instruments operant chambers with two
retractable levers (the right-hand lever was out of the box
throughout the experiment) were used. The 2.8-W houselight
was lit throughout the experimental session. The boxes were
equipped with pellet dispensers, which delivered one 45-mg
Campden Instruments food pellet as reinforcement. The oper-
ation of the equipment and data collection were controlled by
a micro-Vax minicomputer.

Procedure

All animals received several days of pretraining [modelled
after (6)]. For the first 2 days, rats were given 15-min sessions
during which the lever was retracted and food pellets were
delivered on a variable-time (VT) 30-s schedule. From the
third day of pretraining, the lever was introduced into the box
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and two reinforcement schedules were in effect concurrently:
Food was delivered independently of animals’ responding on
a VT 30-s schedule and a CRF schedule was superimposed on
the VT schedule. The free food schedule was discontinued
after rats made 10 bar presses. Following five additional bar
presses, the CRF schedule was discontinued and the animals
were placed on a progressive fixed ratio (FR) schedule, start-
ing at FR-2 and incrementing by one after every five reinforce-
ments until FR-5 was reached or 30 min elapsed. Following
10 reinforcements on FR-5, pretraining was completed. Fol-
lowing pretraining, acquisition stage was initiated. Acquisi-
tion lasted 12 days. On days 1, 2, 3, 6, 9, and 12, each daily
session consisted of 10 discrete trials with an ITT of 60 s, and
on days 4, 5, 7, 8, 10, and 11 the daily session consisted of 15
discrete trials with an ITI of 60 s. At the start of each session,
the houselight was lit and the retractable lever was inserted
into the box. Following five lever-presses, the tray light came
on. As the rat inserted its head into the tray, the lever was
retracted and, if scheduled, reward was delivered. The CRF
animals received a reward on each of the daily trials. The PRF
subjects received continuous reinforcement on days 1, 2, 3, 6,
9, and 12 and a quasirandom 33% schedule of reinforcement,
i.e., 5 reinforced and 10 nonreinforced trials, on days 4, 5, 7,
8,10, and 11.

Following acquisition, 4 days of extinction commenced.
During extinction, all animals received 15 daily trials in a
procedure identical to that of acquisition except that no re-
wards were delivered on any of the trials.

The data collected during the entire experiment consisted
of three time measurements for each trial: 1) start time—the
time between the insertion of the lever into the box and the
first lever press; 2) run time—the time from the first press to
the fifth; and 3) goal time —the time between the last press
and tray entry. The procedure was programmed such that a
maximal duration of 60 s was allowed for each of of the start,
run, and goal times. If any of these times reached 60 s, the
lever was retracted and the trial terminated. A score of 60 s
was given for each uncompleted segment. A logarithmic trans-
formation was carried out on the start, run, and goal times to
allow the use of analysis of variance (ANOVA). Analyses were
performed for the acquisition and extinction stages. Both
analyses included three main factors: drug (amphetamine or
placebo), reinforcement (CRF or PRF), and a repeated mea-
surements factor of days (12 for acquisition and 5 for extinc-
tion). The analyses of the extinction data included the last day
of acquisition.

Drug Injections

In pretraining, all animals received saline (0.3 ml) IP injec-
tions 15 min prior to each daily session. In acquisition and
extinction, 1 mg/kg d-amphetamine sulfate (dissolved in sa-
line at a concentration of 1 mg/ml) or saline was injected IP
15 min prior to each daily session.

Subjects were divided into 4 groups in a 2 X 2 design con-
sisting of drug (amphetamine or placebo) and reinforcement
(CRF or PRF). Two subjects (one placebo-PRF and one am-
phetamine-CRF) failed to lever press and were excluded from
the experiment. Thus, the final group size were placebo-CRF
(n = 9); placebo-PRF (n = 8); amphetamine-CRF (n = 8);
amphetamine PRF (n = 9).

RESULTS
Acquisition

Fig. 1 presents daily mean log run times for the groups
receiving the different reinforcement schedules (CRF or PRF)
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FIG. 1. Course of acquisition and extinction, expressed as mean log
run time, for CRF and PRF animals in the placebo and AMP condi-
tions. The bars on the left and right sides represent one standard error
derived from the error term of the ANOVA of the acquisition and
extinction data, respectively.

and drug injections (amphetamine or saline). These results are
representative of the start and goal results. As can be seen,
the amphetamine-CRF group exhibited slightly slower times
to complete the five lever presses as compared to the placebo-
CREF group, whereas the two PRF groups did not differ. This
result was supported by the significant drug x reinforcement
X days interaction in the run F(11,330) = 2.86, p < 0.002
and in the start F(11,330) = 1.85, p < 0.05. In the goal, al-
though the same pattern emerged there were no significant
main effects or interactions. At the end of acquisition, there
were no significant differences among the four groups (see the
one standard error bar on the left side of the figure).

Extinction

Figure 1 presents daily mean log run times for groups re-
ceiving the different reinforcement schedules (CRF or PRF)
and drug injections (amphetamine or saline). These results are
representative of the start and goal results. As can be seen,
PREE, that is, faster run times of the PRF groups as com-
pared to CRF groups, was obtained. This was supported in
the run by the significant main effect of reinforcement
F(1,30) = 19.52, p < 0.001 and by the significant reinforce-
ment X days interaction F(4,120) = 10.61, p < 0.001. An
identical picture emerged in the start and in the goal and was
supported by the significant main effect of reinforcement
F(1,30) = 15.29, p < 0.001 and F(1,30) = 1597, p <
0.001 in the start and goal, respectively, as well as by the
significant reinforcement x days interaction F (4,120) =
6.74, p < 0.001 and F(4,120) = 6.86, p < 0.001 in the start
and goal, respectively. In addition, the analysis yielded a sig-
nificant drug x reinforcement X days interaction in the run
F(4,120) = 4.05, p < 0.005 and in the start F(4,120) =
5.16, p < 0.001. An inspection of Fig. 1 reveals that this
interaction reflects an attenuation of the PREE in the amphet-
amine condition. This was due to the fact that the amphet-
amine-PRF group showed slower times to complete the five
lever presses on days 2 and 3, as compared to placebo-PRF
group, while on day 4 of extinction the amphetamine-CRF
group showed faster times to complete the five lever presses
as compared with the placebo-CRF group. Posthoc t-tests
based on the error term derived from the ANOVA supported
the presence of decreased resistance to extinction in the am-
phetamine-PRF group compared with the placebo-PRF

in

group on day 2 (p < 0.05) and day 3 (p < 0.005), as well as
increased resistance to extinction in the amphetamine-CRF
group compared with the placebo-CRF group on day 4 (p <
0.05).

EXPERIMENT 2

METHOD
Subjects

The subjects were 56 male Wistar rats as in Experiment 1.

Apparatus

The same apparatus as in experiment 1 was used.

Procedure

All animals received several days of pretraining as in Ex-
periment 1, followed by the acquisition stage. Acquisition las-
ted 10 days with each daily session consisting of 10 discrete
trials with an ITI of 60 s. The CRF animals received a reward
on each of the 10 trials. The PRF subjects received a reward
on a quasirandom 50% schedule, that is, 5 reinforced and 5
nonreinforced trials. The 10 days of acquisition were divided
into two sections of 5 days each. During each of these sections,
either CRF or PRF training were given, creating four sched-
ules of acquisition: 1) CRF throughout the 10 days of acquisi-
tion (CRF-CRF); 2) CRF training on days 1-5 and PRF train-
ing on days 6-10 (CRF-PRF); 3) PRF training on days 1-5
and CRF training on days 6-10 (PRF-CRF); 4) PRF training
throughout the 10 days of acquisition (PRF-PRF). Following
acquisition, 5 days of extinction commenced. The procedure
during extinction was identical to that of acquisition except
that no rewards were delivered on any of the trials.

Data collection was identical to experiment 1. Analyses
were performed for the acquisition and extinction stages. Both
analyses included four main factors: drug (amphetamine or
placebo), reinforcement 1 (CRF or PRF during the first 5 days
of acquisition), reinforcement 2 (CRF or PRF during the last
5 days of acquisition), and a repeated measurements factor of
days (10 for acquisition and 6 for extinction). The analysis of
the extinction data included the last day of acquisition.

Drug injections

Drug injections were made as in Experiment 1.

Subjects were divided into eight groups in a 2 x 2 x 2
design consisting of drug (amphetamine or placebo), rein-
forcement 1 (CRF or PRF), and reinforcement 2 (CRF or
PRF). Five subjects (one placebo CRF-CRF, one placebo
PRF-PRF, one amphetamine CRF-CRF, one amphetamine
PRF-CRF, and one amphetamine PRF-PRF) failed to lever
press and were excluded from the experiment. Thus, the final
group sizes were: placebo CRF-CRF (n = 6); placebo CRF-
PRF (n = 7); placebo PRF-CRF (n = 7); placebo PRF-PRF
(n = 6); amphetamine CRF-CRF (n = 6); amphetamine
CRF-PRF (n = 7); amphetamine PRF-CRF (n = 6); am-
phetamine PRF-PRF (n = 6).

RESULTS
Acquisition

Figure 2 presents the daily mean log run times for the four
placebo groups (top) and the four amphetamine groups (bot-
tom). These results are representative of the start and goal
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results. The2 X 2 X 2 x 10 ANOVA’s performed on the log
start, run, and goal times yielded no significant main effects
or interactions. As can be seen in Fig. 2, the course of acquisi-
tion was highly similar across the eight groups.

Extinction

Figure 2 presents daily mean log run times in the four
placebo (top) and the four amphetamine (bottom) groups.
These results are representative of start and goal results. Table
1 presents the significant outcomes of the 2 x 2 X 2 X 6
ANOVA'’s performed on the mean log start, run, and goal
times. As can be seen, for each of the three time measures
either a significant interaction of drug x reinforcement 1 X
reinforcement 2 or of drug X reinforcement 1 X reinforce-
ment 2 X days was obtained. An inspection of Fig. 2 indicates
that these interactions reflect the following results: In the pla-
cebo animals, the three groups given PRF training, either in
the first or in the second part of acquisition, exhibited in-
creased resistance to extinction as compared to the group that
received CRF training throughout acquisition. Posthoc one-
tail #-tests revealed that all three PRF placebo groups (CRF-
PRF, PRF-CRF, and PRF-PRF) showed significantly higher
resistance to extinction in comparison with the CRF-CRF pla-
cebo group (all p’s < 0.05). Thus, all placebo groups that
received PRF training exhibited the PREE. In contrast, in
amphetamine-treated animals, the only group that showed in-
creased resistance to extinction was that trained on a PRF
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FIG. 2. Course of acquisition and extinction, expressed as mean log
run time, for the four placebo groups (top) and the four amphetamine
groups (bottom) in the four reinforcement conditions: CRF-CRF;
CRF-PRF;PRF-CRF; and PRF-PRF. The bars on the left and right
sides represent one standard error derived from the error term of the
ANOVA of the acquisition and extinction data, respectively.
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schedule throughout acquisition. The other two groups of ani-
mals, which received PRF training either prior to or following
CREF training, extinguished in a virtually identical manner to
animals that received CRF training throughout acquisition
(except for the amphetamine PRF-CRF group, which showed
a slight tendency toward increased resistance to extinction on
day 3). Posthoc one-tail #-tests revealed that only the PRF-
PRF amphetamine group showed a significantly higher resis-
tance to extinction in comparison with the CRF-CRF amphet-
amine group (p < 0.01). Additional noteworthy features
shown in Fig. 2 are: 1) the two CRF-CRF groups (placebo and
amphetamine) and the two amphetamine groups that received
PRF training before or after CRF exhibited a highly similar
rate of extinction; 2) whereas the two amphetamine groups
that received PRF training before or after CRF showed de-
creased resistance to extinction as compared with their placebo
counterparts, the amphetamine group that received PRF train-
ing throughout acquisition showed increased resistance to ex-
tinction compared to its placebo controls. Thus, the three
placebo groups that received PRF training in acquisition extin-
guished at a similar rate and demonstrated increased resistance
to extinction compared with the amphetamine CRF-CRF
group, the amphetamine PRF-CRF group, the amphetamine
CRF-PRF group, and the placebo CRF-CRF group, whereas
the amphetamine PRF-PRF group showed shortest times in
extinction, that is, highest resistance to extinction. The same
outcome is evident in Fig. 3, which depicts the mean log run
times over the entire extinction period for the eight experimen-
tal groups.

DISCUSSION

In our previous experiments using a multitrial PREE proce-
dure, PRF animals were trained on a random 50% reinforce-
ment schedule throughout acquisition. Under these condi-
tions, amphetamine-treated (AMPH) animals exhibited a
normal PREE (5,6). The results of experiment 1 indicated
that interspersing days of CRF training with days of 33%
reinforcement schedule led to an attenuation of the PREE in
AMPH-treated animals, indicating that under conditions in
which PRF training is embedded in extensive CRF training
amphetamine impairs the development of increased resistance
to extinction. Experiment 2 provided additional evidence for
this suggestion. In this experiment, control animals that re-
ceived CREF training either prior to or following PRF training
exhibited a PREE identical to animals trained on PRF alone.
AMPH-treated animals trained on a PRF schedule throughout
acquisition exhibited the PREE. However, in marked contrast
to saline animals, AMPH-treated animals failed to exhibit
PREE in both the CRF-PRF and PRF-CRF conditions. This
absence of the PREE is particularly conspicuous in view of the
fact that PRF-PRF amphetamine animals exhibited a robust
PREE even in comparison to saline PRF-PRF animals. It
could be argued that the absence of the PREE in the CRF-
PRF and PRF-CRF conditions was due to the fact that in
these conditions animals received only 5 days of PRF training.
However, we found that AMPH-treated animals trained on a
50% PRF schedule for 6 days showed a robust PREE (6).

Experiments that tested the effects of interpolating CRF
training before or after PRF on resistance to extinction have
yielded variable results (11,21,23), although the CRF-PRF
sequence appears to lead to an attenuated PREE relative to
the PRF-CREF sequence. It is difficult to compare the present
results, obtained in an operant chamber, with previous studies
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TABLE 1

SIGNIFICANT OUTCOMES OF THE 2 X 2 x 2 X 6 ANOVA’S WITH MAIN FACTORS OF DRUG,

REINFORCEMENT 1 (CRF OR PRF ON DAYS 1-5 OF ACQUISITION), REINFORCEMENT 2

(CRF OR PRF ON DAYS 6-10 OF ACQUISITION), AND A REPEATED MEASUREMENTS FACTOR
OF DAYS, PERFORMED ON THE LOGARITHMICALLY TRANSFORMED START, RUN, AND GOAL TIMES

Start Run Goal
Main Effect/Interaction F df D F df P F df P
R1 5.02 1,43 =0.03 6.61 1,43 <0.02 6.04 143 <0.02
R2 371 1,43 =0.06 5.66 1,43 <0.03 3.03 1,43 <0.09
Dr x R1 x R2 3.86 1,43 <0.06 4.06 1,43 =0.05
R1 x D 2.55 5,215 <0.03 2.84 5,215 <0.02 4.16 5,215 <0.002
R2 x D 2.58 5,215 <0.03
Dr x Rl x R2 x D 356 5,215 <0.005 2.05 5,215 <0.08 2.29 5,215 <0.05
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R1, reinforcement 1; R2, reinforcement 2; Dr, drug; D, days.

conducted in runways since acquisition variables have been
shown to affect resistance to extinction differentially in run-
ways and operant chambers (14). However, it is of interest to
note that in the present experiment somewhat smaller resis-
tance to extinction in the CRF-PRF condition as compared to
the PRF-CRF condition was obtained in AMPH-treated but
not in the saline animals. It should also be pointed out that the
decreased resistance to extinction obtained in AMPH-treated
animals trained with a CRF schedule is typically obtained in
normal animals as a consequence of increasing the percentage
of reinforcement or the number of reinforced trials in a PRF
schedule (14,15,19). Clearly, the increase in the percentage of
reinforcement in the present experiments was not sufficient to
abolish the development of resistance to extinction in control
PRF animals, but it did so in AMPH-treated PRF animals.
Thus, AMPH animals appear more sensitive to increments in
reinforcement level in a PRF schedule. Since amphetamine is
known to enhance the rewarding properties of reinforcement
or of stimuli associated with reinforcement [e.g., (10,22)] the
present results could reflect such a reward-enhancing property
of this drug. However, this possibility is unlikely in view of the
results obtained in the PRF-PRF condition. If AMPH-treated
animals are trained with a functionally higher value of rein-
forcement, PRF-PRF animals would be expected to show re-
duced resistance to extinction as compared to no-drug con-
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FIG. 3. Overall means of log run time throughout the extinction phase
for the four placebo and four amphetamine groups in the four rein-
forcement conditions: CRF-CRF; CRF-PRF; PRF-CRF; and PRF-
PRF. The bar on the top left corner represent one standard error
derived from the error term of the ANOVA.

trols, yet they showed much higher resistance to extinction
than controls. This result demonstrates, in accordance with
our previous data and interpretation (5,6) that the processes
underlying the development of increased resistance to extinc-
tion on a conventional multitrial PRF schedule are not dis-
rupted and may even be facilitated by amphetamine.

As noted in the introduction, increased resistance to extinc-
tion at short ITDs is believed to be primarily mediated by
memory traces of nonreinforcement, as postulated by Capaldi
(3,14). According to this view, during PRF training an associ-
ation is formed between the outcome of preceding trials (mem-
ory traces of NR) and the outcome of subsequent trials (rein-
forced response, R). However, under conditions in which
animals cannot remember the outcome of the preceding trial,
or the sequence of preceding outcomes, for example, with
long ITT’s, the association between NR-elicited stimuli and the
reinforced response becomes dependent on contextual cues
(14), as elaborated by Amsel (1). Thus, NR-elicited stimuli
become conditioned to apparatus cues that are then available
for associating with the reinforced response whenever it oc-
curs. Although in Amsel’s theory the critical stimuli to which
PRF animals learn to respond are conditioned frustration re-
actions elicited by NR, Mackintosh (14) points out that the
stimuli in question may still be memory traces, which consist
of a mixture of previous NR and R outcomes and whose re-
trieval depends on appropriate apparatus cues. It is quite clear
that when full days of CRF training are given during PRF
training animals cannot remember the outcomes of preceding
NR trials or their sequence, and thus cannot associate directly
these outcomes with the reinforced response. Rather, NR-elic-
ited stimuli, be they memory traces or conditioned frustration
reactions, are conditioned to the apparatus cues, which by
virtue of their association with reinforcement come to control
animals’ responding on NR trials and subsequently in extinc-
tion. The fact that AMPH-treated animals that receive full
days of CRF training combined with PRF training fail to
exhibit increased resistance to extinction suggests that amphet-
amine disrupts the context-mediated association between
NR-elicited stimuli and reinforcement. Consequently, whereas
in normal animals NR-produced contextual stimuli cue the
NR-reinforcement association and the accompanying instru-
mental response, under amphetamine this cuing property of
the context is lost. We showed at the 1 trial/day procedure,
which allows the administration of AMPH on either the re-
inforced or on the nonreinforced trials, that AMPH-treated
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PRF animals failed to develop increased resistance to extinc-
tion when drug administration was confined to the nonrein-
forced trials (30). This demonstrates that the disruption of the
NR-context-R connection is due to the failure to form an
NR-context association.

In summary, the present results show that whereas amphet-
amine-treated animals show increased resistance to extinction
when trained on a multitrial PRF schedule and transferred to
extinction, this drug attenuates/abolishes the effects of PRF
training on extinction when such a schedule is embedded in
CRF training. This outcome, taken together with the differen-
tial effects of amphetamine on PREE at short vs. long ITI’s,
as well as on the PREE vs. the analogous partial punishment
effect paradigm (25), provides further evidence that the behav-
ioral effects of amphetamine can be markedly modulated by
changes in experimental parameters, and emphasizes the cog-
nitive effects of this drug as opposed to its nonspecific stimu-
lating effects. Such cognitive effects are of particular interest
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in view of the fact that the behavioral actions of amphetamine
administration in animals are considered to provide an animal
model of schizophrenia (8,12,17,18). Although this model has
relied primarily on the motor effects of amphetamine (hyper-
activity and stereotypy), there has been also some success in
inducing in animals cognitive alterations that resemble some
features of the clinical syndrome, such as an inability to ignore
irrelevant stimuli (20,31-33) and rapid switching of associa-
tions (24,27-29). The loss of the contextual control responsi-
ble for the development of increased resistance to extinction
under amphetamine may provide an animal analogue of an
additional central feature of schizophrenia, namely, a failure
to use contextual cues or contextually generated expectations
2,4,9,16).
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