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POLING, A., K. ALLING, M. MAKHAY, M. NICKEL, E. BLAKELY, M. ROMAN AND H. SCHLINGER.
Effects of d-amphetamine and ethosuximide on responding under delayed-matching-to-sample procedures with differential
and nondifferential outcomes. PHARMACOL BIOCHEM BEHAV 42(4) 871-877, 1992. —Pigeons were exposed to de-
layed-matching-to-sample (DMTS) procedures in which food or a flash of the feeder light followed correct responses. When
these consequences were correlated with a particular stimulus (e.g., food followed matching responses to red and a flash of
the feeder light followed matching responses to green), accuracy was higher (i.e., stimulus control was greater) than when
discriminative stimuli and consequences were not correlated. Although stimulus control in the absence of drug appeared to be
weaker under the uncorrelated procedure, neither d-amphetamine (0.5-3.0 mg/kg) in Experiment 1 nor ethosuximide (40-160
mg/kg) in Experiment 2 disrupted accuracy to a greater extent under that procedure. These results, like those of a prior
investigation, suggest that drug effects are similar under DMTS procedures regardless of whether correlated or uncorrelated

outcomes are arranged.
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MANY studies, reviewed elsewhere (11), demonstrated that
performance in discrimination tasks is enhanced if different
outcomes are presented for correct responses to different stim-
uli. This phenomenon, generally termed the differential out-
comes effect (DOE), can be readily demonstrated under de-
layed-matching-to-sample (DMTS) procedures (1,3,5,8,17-
21,29,31,33). A study by Alling et al. (1) provides a simple
example of the DOE under a DMTS procedure. Those re-
searchers gave pigeons a DMTS task in which the sample and
comparison stimuli were red and green key lights and the out-
comes were 4-s food deliveries or 0.5-s flashes of a hopper
light. When these consequences were correlated with particu-
lar stimuli (e.g., food followed matching responses to red and
a flash of the feeder light followed matching responses to
green), accuracy was significantly higher than when conse-
quences were not correlated with sample stimuli. The sample
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stimulus correlated with food also engendered a much higher
rate of responding than the stimulus correlated with the light
flash.

In most cases, drug effects are smaller under conditions
where behavior is strongly controlled by a discriminative stim-
ulus than under conditions where stimulus control is weaker
(12,13,28).Given this, Alling et al. (2) hypothesized that phe-
nobarbital would disrupt behavior to a greater extent under
the version of the DMTS procedure with uncorrelated out-
comes. When administered acutely, 30 and 40 mg/kg doses
of phenobarbital reduced accuracy under both variations of
the DMTS procedure and lower doses did not significantly
affect accuracy under either. At the dose range tested (10-40
mg/kg), rate of responding was not significantly affected un-
der either version of the DMTS procedure. These results sug-
gest that degree of stimulus control in the absence of drug did
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not modulate the effects of phenobarbital. Whether similar
results would be obtained with two other drugs, d-
amphetamine and ethosuximide, was examined in the present
study.

Ethosuximide is a succinimide used clinically to manage
absence and other seizures (23,25). There is little information
about the drug’s mechanism of action (25). The effects of
ethosuximide on the operant behavior of nonhumans have
been examined in some detail (24). Data are available concern-
ing effects of the drug in pigeons responding under a DMTS
procedure with uncorrelated outcomes (22), but not under
such a procedure with correlated outcomes. The behavioral
effects of d-amphetamine, a prototypical stimulant (23), also
have been studied extensively (6). Prior studies have examined
the effects of d-amphetamine under DMTS procedures with
uncorrelated outcomes (9,10,14,26,27,34), but no reports of
the effects of the drug under the correlated version of the
DMTS procedure have appeared.

EXPERIMENT 1I:
EFFECTS OF d-AMPHETAMINE

METHOD

Subjects

Eight experimentally naive White Carneau pigeons, main-
tained at 80% of their free-feeding weights and individually
housed with unlimited access to water and grit, served as sub-
jects.

Apparatus

Experimental sessions were conducted in four test cham-
bers (Lehigh Valley Electronics, Lehigh Valley, PA) measur-
ing 36 ¢cm high, 36 cm wide, and 30 cm long. A 6 X 6 cm
aperture centered on the front wall permitted eating from a
grain feeder. When raised, the feeder was illuminated with a
7-W white bulb, Three response keys, which could be illumi-
nated in red or green, were mounted in a horizontal row on
the front wall. The right key was 9.5 cm from the right wall
and the three keys were spaced 8.9 cm apart. Each key could
be operated by a force of 0.2 N. Ambient illumination was
provided by a 7-W white light (houselight) centrally located
on the ceiling of the chamber. Masking noise was supplied by
a white-noise generator through a speaker mounted on the
lower right corner of the front wall. A PDP8/A minicomputer
(Digital Equipment Corporation, Maynard, MA), equipped
with SUPERSKED software (State Systems, Kalamazoo, MI),
arranged experimental conditions and collected data.

Procedure

Complete details of training are identical to those described
by Alling et al. (1). In brief, all birds were first exposed to a
variable-time 1-min schedule of access to grain until each
reliably ate from the feeder. Birds were then exposed to an
autoshaping procedure in which the center key was illumi-
nated (either red or green) on the average of once each minute.
After 5 s or one peck on the center key, whichever occurred
first, the center key light was darkened and one of the side
keys was illuminated with the color previously presented on
the center key. The side key was illuminated until a key-peck
occurred on that key or until 5 s elapsed, after which grain
was presented for 6 s. Red and green illuminations were pre-
sented in a random sequence. When a bird pecked both center
and side keys on at least 80% of the trials for three consecutive
sessions, it was exposed to DMTS procedures.
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Two variations of the DMTS procedure, equivalent except
for the consequences of correct responses, were employed in
the experiment proper. Four birds were exposed to each varia-
tion. Under one, the uncorrelated DMTS procedure, trials
were separated by 7-s intertrial intervals (ITIs). Each trial be-
gan with a 0.25-s darkening of all lights, after which the
houselight was illuminated and the center keylight was lighted
in either red or green (i.e., the sample stimulus was presented).
After S key-pecks, the center keylight was darkened and a
delay of 0.01 s (hereafter referred to as 0 s) or 8 s ensued. In
each session, the delay value selected for a given trial was
determined by random selection without replacement from
blocks of 10 delays, 5 of each value. This ensured that a
similar number of 0- and 8-s delays were arranged. After the
delay ended, both side keys were illuminated, one in red and
one in green (i.e., the comparison stimuli were presented). A
peck to the side key that matched the color previously on the
center key, designated a correct response, produced either 4-s
access to grain or a 0.5-s flash of the feeder light. During
each session, the outcome on a given trial was determined
by random selection without replacement from blocks of 10
outcomes, comprising 5 flashes of the hopper light and § food
deliveries. This ensured that a similar number of food deliver-
ies and hopper flashes were arranged. A peck to the other side
key, termed an incorrect response, produced a 2-s blackout
followed by the ITI. The same trial was then repeated until a
correct response occurred. Trials were aborted if the response
requirement on either the center or the side key was not com-
pleted within 30 s. These trials were not considered incorrect.
Red and green sample stimuli, and the key locations on which
red and green comparison stimuli occurred, were arranged at
random with the exception that red and green illuminations
were presented equally often as the sample stimulus in each
session. Sessions ended after 70 trials or 50 min elapsed,
whichever occurred first. Nearly all sessions ended after 70
trials. Exceptions occurred when d-amphetamine produced
sustained periods without responding to the sample stimulus,
which occurred infrequently.

Under the second variation, the correlated DMTS proce-
dure, the outcome for a given correct response depended upon
whether the trial involved a red or green sample stimulus. For
two subjects, food was presented after correct responses on
red trials and a flash of the feeder light was presented after
correct responses on green trials; for two other subjects, food
was delivered on correct green trials and a flash of the feeder
light on correct red trials.

Subjects were exposed to the DMTS procedures of the ex-
periment proper for a) at least 10 sessions and b) until there
was no visually evident trend in percent correct responses for
each delay across 5 consecutive sessions. When both criteria
were met, all birds were given acute d-amphetamine injections
under a BBCD design wherein B represents baseline (no injec-
tion), C vehicle control sessions (0.9% sodium chloride solu-
tion), and D drug sessions. Two series of d-amphetamine in-
jections were given; each series comprised four dosages (0.5,
1, 2, and 3 mg/kg, expressed as the salt) selected on the basis
of prior studies (14,26,27). Within each series, the four doses
were given in random order for each bird. All injections were
administered IM at a 1 ml/kg volume 30 min before the ses-
sion. The d-amphetamine sulfate (Sigma Chemical Co., St.
Louis, MO) was dissolved in 0.9% sodium chloride solution.

RESULTS

During each session, rate of responding to the sample stim-
ulus and percent correct responses (accuracy) were recorded
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for all subjects. Figure 1 presents mean rate and accuracy data
for subjects exposed to the uncorrelated and correlated DMTS
procedures. In the absence of drug, mean percent correct re-
sponses at both the 0- and 8-s delay was higher under the
correlated DMTS procedure than under the uncorrelated
DMTS procedure (99 vs. 97% and 94 vs. 75%).

Accuracy data provide no evidence that d-amphetamine
produced greater effects under the uncorrelated procedure.
Statistical analysis of accuracy data [one-way repeated-
measures analysis of variance (ANOVA)] for the uncorrelated
condition revealed significant overall drug effects at both the
0-s delay, F(4, 12) = 11.3, p < 0.01, and 8-s delay, F(4, 12)
= 7.5, p < 0.01. Tukey’s test revealed that accuracy was sig-
nificantly below the control level only at 3 mg/kg for both the
0-s delay, ¢ = 5.9, p < 0.01, and 8-s delay, ¢ = 4.9, p <
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0.01. Equivalent analysis of accuracy data for the correlated
procedure revealed a significant overall drug effect at both
the 0-s, F(4, 12) = 6.7, p < 0.01, and 8-s delay, F(4, 12) =
9.0, p < 0.01. Accuracy was significantly below the control
level only at 3 mg/kg for both the 0-s delay, ¢ = 4.4, p <
0.01, and 8-s delay, ¢ = 5.2, p < 0.01.

Under the uncorrelated procedure, trial outcomes and re-
sponse rates were not systematically related. In the absence of
drug under the correlated procedure, response rates were
much lower in the presence of the sample stimulus correlated
with the hopper light flash than in the presence of the sample
stimulus correlated with access to grain. For both trials that
ended with food and those that ended with a flash of the
feeder light, response rates under the uncorrelated procedure
generally decreased with drug dose under the uncorrelated
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FIG. 1. Data for all conditions of Experiment 1. The upper frames depict mean responses per minute in the presence of sample stimuli when
food (SR) or a flash of the feeder light (Sr) followed correct responses. Under the correlated procedure, each outcome was specifically paired
with a particular stimulus color (e.g., food followed matching responses to red and a flash of the feeder light followed matching responses to
green). Stimulus colors and outcomes were not paired under the uncorrelated procedure. The lower frames depict the percentage of correct
responses to the comparison stimuli at 0- and 8-s delays under the correlated and uncorrelated DMTS procedures. Control data points represent
the mean of all control sessions for four birds; d-amphetamine data points are the mean of both series of administrations for those birds.

Vertical lines are standard errors.
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procedure, but not under the correlated procedure. Statistical
analysis revealed, however, that the drug did not significantly
affect response rate relative to control values under either
procedure, regardless of trial outcome (p > 0.05).

DISCUSSION

In the absence of drug, accuracy at both the 0- and 8-s
delays was higher under the correlated procedure than under
the uncorrelated procedure. This finding, indicative of the
DOE, accords with the results of many other studies
(1,3,5,8,17-21,29,31,33).

Response rate data for the present study are consistent with
those reported by Alling et al. (1). Under the correlated proce-
dure, the stimulus correlated with a flash of the hopper light
consistently engendered a much lower rate of responding than
the stimulus correlated with food. Prior studies have shown
that sample-specific response patterns, including dissimilar
rates of responding to different sample stimuli, enhance accu-
racy under DMTS procedures [e.g., (4,7,16,29,30,35)]. There-
fore, as explained in detail elsewhere (1,11), it is certainly
plausible that the difference in response rates associated with
food- and light-paired sample stimuli contributed to the im-
proved accuracy observed under the correlated DMTS proce-
dure in the present study.

Given that d-amphetamine often produces rate-dependent
effects, increasing low-rate behaviors at doses that decrease
high-rate behaviors (6), we speculated that the drug might
produce rate convergence under the correlated DMTS proce-
dure. But this did not occur, perhaps because local response
rates were relatively high under all conditions, and the ob-
tained results failed to clarify the role that sample-specific
responding plays in producing the DOE. The present findings
perhaps are noteworthy in indicating that a drug can alter
accuracy in a DMTS task without simultaneously affecting
response rate. Similar results were recently reported with phe-
nobarbital (15).

The DMTS procedure has been used often and effectively
to analyze drug effects on stimulus-controlled responding
(28), but to our knowledge there is only one published study
of drug effects under the correlated version of the DMTS
procedure (2). In many cases, behavior that is strongly con-
trolled by a discriminative stimulus is less affected by drugs
than similar behavior that is stimulus controlled to a lesser
degree (12,13,28). Given this, it is tenable that a given drug
and dose would disrupt accuracy to a lesser degree under the
correlated version of the DMTS procedure than under the
uncorrelated version. This did not occur with d-amphetamine
in the present study, nor with phenobarbital in an earlier in-
vestigation (2). Although stimulus control was weaker (i.e.,
accuracy was lower) under the uncorrelated version of the
DMTS procedure, neither drug produced greater reductions
in accuracy under that procedure.

In previous studies, Glick and Jarvik (9,10) reported that
high doses of d-amphetamine reduced accuracy in monkeys
exposed to a conventional (i.e., uncorrelated) DMTS proce-
dure. Similarly, Spetch and Treit (26) reported that a 2 mg/
kg dose disrupted accuracy in pigeons responding under a
DMTS procedure with 0- and 20-s delays. In contrast to these
results and those of the present study, McMillan (14) and Teal
and Evans (27) found that d-amphetamine did not reduce the
accuracy of pigeons responding under a DMTS procedure.
The highest dose administered in those studies was 1 mg/kg,
which may account for the absence of behavioral disruption.
Pilot data reported by Spetch and Treit (26) are consistent
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with this suggestion. They found that doses of 1.0 mg/kg or
lower did not produce robust effects. Similarly, in a study
examining the effects of d-amphetamine in pigeons respond-
ing under a titrating DMTS procedure, Wenger and Wright
(34) found that the drug disrupted matching only at doses that
also reduced rates, 3.0 mg/kg in most cases.

Neither pentobarbital nor d-amphetamine differentially af-
fected accuracy under correlated and uncorrelated versions of
DMTS. Experiment 2 examined whether ethosuximide would
produce like results.

EXPERIMENT 2: EFFECTS OF ETHOSUXIMIDE
METHOD

Subjects and Apparatus

Eight White Carneau pigeons, maintained at 80% of their
free-feeding weights, served as subjects. Subjects were main-
tained as in Experiment 1 and were tested in the apparatus
used in that study. All subjects had previously received d-
amphetamine or phenobarbital under DMTS procedures.

Procedure

Experimental procedures were similar to those employed
in Experiment 1 except a crossover design, not a simple two-
groups design, was used in this study. Because all birds had a
history of exposure to DMTS procedures, no initial training
was necessary. Uncorrelated and correlated DMTS procedures
were employed in the experiment proper. Four subjects
(Group 1) initially were exposed to the correlated procedure
as described in Experiment 1; four others (Group 2) initially
were exposed to the uncorrelated procedure as described in
Experiment 1.

Subjects were exposed to the assigned procedure for a) at
least 10 sessions and b) until there was no visually evident
trend in percent correct responses for each delay across S con-
secutive sessions. When both criteria were met, all birds were
given acute ethosuximide injections under a BBCD design
wherein B represents baseline (no injection), C vehicle (dis-
tilled water) control injection sessions, and D drug sessions.
Two series of ethosuximide injections were given; each series
comprised four doses (40, 80, 120, and 160 mg/kg) selected
on the basis of prior studies (22,24). Within each series, the
four doses were given in random order for each bird. All
injections were administered IM at a 1 ml/kg volume 30 min
before the session. The ethosuximide (Warner-Lambert, Ann
Arbor, MI) was dissolved in distilled water.

After subjects completed two series of ethosuximide injec-
tions under the conditions described above, conditions were
reversed so that Group 1 was exposed to the uncorrelated
DMTS procedure and Group 2 to the correlated DMTS proce-
dure. These procedures were arranged as described above.
After performance stabilized, the effects of ethosuximide were
again examined. This was done in the same fashion as the first
drug evaluation (i.e., each bird received each of four doses
twice in random order under a BBCD design).

RESULTS

During each session, rate of responding to the sample stim-
ulus and percent correct responses (accuracy) were recorded
for all subjects. Figure 2 presents mean rate and accuracy data
for subjects exposed to the uncorrelated and correlated DMTS
procedures. In the absence of drug, mean percent correct re-
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FIG. 2. Data for all conditions of Experiment 2. Details are as in Fig. 1 except control and drug data represent the performance of eight birds,
four initially exposed to the uncorrelated DMTS procedure and four initially exposed to the correlated DMTS procedure, after which conditions

were reversed.

sponses at both the 0- and 8-s delays was higher under the
correlated DMTS procedure than under the uncorrelated
DMTS procedure (100 vs. 98% and 97 vs. 69%).

Accuracy data do not indicate that ethosuximide produced
greater effects under the uncorrelated procedure. One-way re-
peated-measures ANOVA of accuracy data for the uncorre-
lated procedure revealed significant overall drug effects at
both the 0-s delay, F(4, 28) = 4.6, p < 0.01, and 8-s delay,
F(4,28) = 3.2, p < 0.05. Tukey’s test indicated that accuracy
at all ethosuximide doses did not differ significantly from the
control level. One-way repeated-measures ANOVA of accu-
racy data for the correlated procedure revealed significant
overall drug effects at both the 0-s delay, F(4, 28) = 10.9, p
< 0.01, and 8-s delay, F(4, 28) = 11.3, p < 0.01. Tukey’s
test showed that accuracy at the 0-s delay was significantly
below the control level when 120 mg/kg ethosuximide was
administered, ¢ = 8.2, p < 0.01. Accuracy at the 8-s delay

was significantly below the control level at ethosuximide doses
of 120, ¢ = 5.3, p < 0.05, and 160 mg/kg, ¢ = 7.4, p <
0.01.

Trial outcomes and response rates were not systematically
related under the uncorrelated procedure. In contrast, under
the correlated procedure response rates were much lower in
the presence of the sample stimulus correlated with the feeder
light flash than in the presence of the sample stimulus corre-
lated with access to grain. One-way repeated-measures AN-
OVA performed on rate data collected under the uncorrelated
DMTS revealed a significant overall effect for both trials that
ended with food, F(4, 28) = 4.5, p < 0.01, and trials that
ended with a flash of the hopper light, F(4, 28) = 5.2, p <
0.01. Tukey’s test revealed that response rates were signifi-
cantly below control levels at ethosuximide doses of 120 and
160 mg/kg for trials followed by food, ¢ = 5.0, p < 0.05,
q = 4.9, p < 0.05, and at the 160 mg/kg ethosuximide dose,
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q = 5.4, p < 0.05, for trials followed by a flash of the hop-
per light. No significant effects were evident in rate data col-
lected under the correlated procedure (p > 0.05).

DISCUSSION

In Experiment 2, as in Experiment 1 and several prior in-
vestigations (1,3,5,8,17-21,29,31,33), accuracy (i.e., percent
correct responses) in the absence of drug was greater under
the correlated DMTS procedure than under the uncorrelated
procedure. Drug effects often are weaker when behavior is
strongly controlled by a discriminative stimulus than when it
is stimulus controlled to a lesser degree (7,8,17). Conse-
quently, it is reasonable to posit that drugs might disrupt be-
havior to a greater extent under the uncorrelated version of
the DMTS procedure, where accuracy in the absence of drug
is substantially lower (i.e., stimulus control is weaker). This
did not occur with phenobarbital in a prior study (2), with
d-amphetamine in Experiment 1, or with ethosuximide in this
experiment. In fact, no dose of ethosuximide significantly im-
paired accuracy under the uncorrelated version, which is con-
sistent with prior findings (22). Under the correlated version,
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however, accuracy was significantly below the mean control
value at certain ethosuximide doses. There is no obvious
mechanism of drug action that accounts for this apparent
difference in the effects of ethosuximide under the two ver-
sions of DMTS.

In the present study, as in Experiment 1 and earlier investi-
gations employing similar procedures (1,2), the sample stimu-
lus correlated with food delivery controlled a much higher
rate of responding than the stimulus correlated with a flash of
the food hopper. As discussed previously, it is possible that
the difference in response rates associated with food- and
light-paired sample stimuli contribute to the improved accu-
racy observed under the correlated DMTS procedure. In prin-
ciple, pharmacological manipulations could help to clarify the
role of sample-specific response rates in producing the DOE:
If rates converge at doses that also disrupt accuracy, this
would suggest that rate differences contribute to the DOE.
This did not occur with ethosuximide in the present study,
with d-amphetamine in Experiment 1, or with phenobarbital
in an earlier investigation (2). To date, pharmacological ma-
nipulations have not proven valuable in isolating the behav-
ioral mechanism responsible for the DOE.

REFERENCES

1. Alling, K.; Nickel, M.; Poling, A. The effects of differential and
non-differential outcomes on response rates and accuracy. Psy-
chol. Record 41:537-549; 1991.

2. Alling, K.; Nickel, M.; Poling, A. The effects of phenobarbital
on responding under delayed-matching-to-sample procedures
with differential and nondifferential outcomes. Pharmacol. Bio-
chem. Behav. 39:817-820; 1991.

3. Brodigan, D. L.; Peterson, G. B. Two-choice conditional discrim-
ination performance of pigeons as a function of reward expec-
tancy, prechoice delay, and domesticity. Anim. Learn. Behav. 4:
121-124; 1976.

4. Cohen, L. R.; Looney, R. A.; Brady, J. H.; Aucella, A. F. Dif-
ferential sample response schedules in the acquisition of condi-
tional discriminations by pigeons. J. Exp. Anal. Behav. 26:301-
314; 1976.

5. DeLong, R. E.; Wasserman, E. A. Effects of differential rein-
forcement expectancies on successive matching-to-sample perfor-
mance in pigeons. J. Exp. Psychol.: Anim. Behav. Proc. 7:394-
412; 1981.

6. Dews, P. B.; Wenger, G. Rate-dependence of the behavioral ef-
fects of amphetamine. In: Thompson, T.; Dews, P. B., eds. Ad-
vances in behavioral pharmacology. New York: Academic Press;
1977:167-229.

7. Eckerman, D. A. Generalization and response mediation of a
conditional discrimination. J. Exp. Anal. Behav. 13:301-316;
1970.

8. Edwards, C. A.; Jagielo, J. A.; Zentall, T. R.; Hogan, D. E.
Acquired equivalence and distinctiveness in matching to sample
by pigeons: Mediation of reinforcer-specific expectancies. J. Exp.
Psychol.: Anim. Behav. Proc. 8:244-259; 1982.

9. Glick, S. D.; Jarvik, M. E. Amphetamine, scopolamine and
chlorpromazine interactions on delayed matching performance in
monkeys. Psychopharmacologia 16:147-155; 1969.

10. Glick, S. D.; Jarvik, M. E. Impairment by d-amphetamine of
delayed matching performance in monkeys. J. Pharmacol. Exp.
Ther. 169:1-6; 1969.

11. Goeters, S.; Blakely, E.; Poling, A. The differential outcomes
effect. Psychol. Record (in press).

12. Laties, V. G. The modification of drug effects on behavior by exter-
nal discriminative stimuli. Anim. Learn. Behav. 183:1-13; 1972.

13. Laties, V. G. The role of discriminative stimuli in modulating
drug effects. Fed. Proc. 34:1880-1888; 1975.

14, McMillan, D. E. Effects of chemicals on delayed matching behav-
ior in pigeons I: Acute effects of drugs. Neurotoxicology 2:484-
498; 1981.

15. Nevin, J. A.; Grosch, J. Effects of signaled reinforcer magnitude
on delayed matching-to-sample performance. J. Exp. Psychol.
Anim. Behav. Proc. 16:298-305; 1990.

16. Paul, C. Sample-specific ratio effects in matching to sample. J.
Exp. Anal. Behav. 39:77-85; 1983.

17. Peterson, G. B. How expectancies guide behavior. In: Roitblat,
H. L.; Bever, T. G.; Terrace, H. S., eds. Animal cognition. Hills-
dale, NJ: Erlbaum; 1984:135-148.

18. Peterson, G. B.; Linwick, D.; Overmier, J. B. On the compara-
tive efficacy of memories and expectancies as cues for choice
behavior in pigeons. Learn. Motiv. 18:1-20; 1987.

19. Peterson, G. B.; Trapold, M. A. Effects of altering outcome
expectancies on pigeons’ delayed conditional discrimination per-
formance. Learn. Motiv. 11:267-288; 1980.

20. Peterson, G. B.; Wheeler, R. L.; Armstrong, G. D. Expectancies
as mediators in the differential-reward conditional discrimination
performance of pigeons. Anim. Learn. Behav. 6:279-285; 1978.

21. Peterson, G. B.; Wheeler, R. L.; Trapold, M. A. Enhancement
of pigeons’ conditional discrimination performance by expectan-
cies of reinforcement and nonreinforcement. Animal Learn. Be-
hav. 8:22-30; 1980.

22. Picker, M.; White, W.; Poling, A. Effects of phenobarbital, clo-
nazepam, valproic acid, ethosuximide, and phenytoin on the de-
layed-matching-to-sample performance of pigeons. Psychophar-
macology (Berl.) 86:494-498; 1985.

23. Poling, A.; Gadow, K. D.; Cleary, J. Drug therapy for behavior
disorders. New York: Pergamon Press; 1991.

24. Poling, A.; Picker, M. Behavioral actions of anticonvulsant
drugs. In: Thompson, T.; Dews, P.; Barrett, J., eds. Advances
in behavioral pharmacology. Hillsdale, NJ: Erlbaum; 1987:157-
192,

25. Rall, T. W.; Schleifer, L. S. Drugs effective in the therapy of the
epilepsies. In: Gilman, A. G.; Goodman, L. S.; Rall, T. W ;
Murad, F., eds. The pharmacological basis of therapeutics. New
York: Macmillan; 1985:339-371.

26. Spetch, M. L.; Treit, D. The effect of d-amphetamine on short-
term memory for time in the pigeon. Pharmacol. Biochem. Be-
hav. 121:663-666; 1984.

27. Teal, J. J.; Evans, H. L. Effects of DDAVP, a vasopressin ana-



DMTS AND DRUG EFFECTS

29.

30.

31.

log, on delayed matching behavior in the pigeon. Pharmacol.
Biochem. Behav. 17:1123-1127; 1982.

. Thompson, D. M. Stimulus control and drug effects. In: Black-

man, D. E.; Sanger, D. J., eds. Contemporary research in behav-
ioral pharmacology. New York: Raven Press; 1978:159-208.
Urcuioli, P. J. Overshadowing in matching-to-sample: Reduction
in sample-stimulus control by differential sample behaviors. 12:
256-264; 1984.

Urcuioli, P. J. On the role of differential sample behaviors in
matching-to-sample. J. Exp. Psychol.: Anim. Behav. Proc. 11:
501-519; 1985.

Urcuioli, P. J. Some relationships between outcome expectancies
and sample stimuli in pigeons’ delayed matching. Anim. Learn.
Behav. 18:302-314; 1990.

32.

33.

34,

3s.

877

Urcuioli, P. J. Differential outcomes and many-to-one matching:
Effects of correlation with correct choice. Anim. Learn. Behav.
18:410-422; 1990.

Urcuioli, P. J.; Zentall, T. R. On the role of trial outcomes
in delayed discriminations. Anim. Learn. Behav. 18:141-150;
1990.

Wenger, G. R.; Wright, D. W. Disruption of performance under
a titrating matching-to-sample schedule of reinforcement by
drugs of abuse. J. Pharmacol. Exp. Ther. 254:258-269; 1990.
Zentall, T. R.; Hogan, D. E.; Howard, M. M.; Moore, B. S.
Delayed matching in the pigeon: Effect on performance of sam-
ple-specific observing responses and differential delay behavior.
Learn. Motiv. 9:202-218; 1978.



