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THOMPSON, D. M. Repeated acquisition of response sequences: effects of d-amphetamine and chlorpromazine.
PHARMAC. BIOCHEM. BEHAV. 2(6) 741-746,1974. — Pigeons obtained food by making 4 responses on 3 keys in a
specified sequence, e.g., left, right, center, right. All 3 keys were the same color throughout the response sequence. Under
the learning condition, the four-response sequence was changed from session to session. After learning (within-session error
reduction) had stabilized, this baseline of repeated acquisition was used to assess the effects of varying doses of
d-amphetamine and chlorpromazine. For comparison, the drug tests were also conducted under a performance condition,
in which the four-response sequence was the same from session to session. Increases in total errors and pausing were
obtained at the largest dose of each drug under both the learning and performance conditions. Under the learning
condition, the error rate decreased across trials within each session, but the degree of negative acceleration was less in the
drug sessions than in the control sessions. In contrast, under the performance condition, the error rate was relatively
constant across trials, but was higher in the drug sessions than in the control sessions.
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A previous study from this laboratory used repeated acqui-
sition of behavioral chains as a baseline to assess the effects
of varying doses of d-amphetamine and chlorpromazine
[25]). Pigeons worked for food in a chamber containing 3
response keys; all 3 keys were illuminated at the same time
by one of four colors. For each session the pigeon’s task
was to learn a new four-response chain by pecking the cor-
rect key in the presence of each color, e.g., keys yellow —
Left correct; keys green — Right correct; keys red —
Center correct; keys white — Right correct; food. Drug
administration (intramuscularly, 30 min presession, once a
week) began after the total errors per session (overall
accuracy) and the within-session error reduction (learning)
had stabilized. The largest dose of d-amphetamine (4
mgz/kg) was found to impair overall accuracy and to
decrease the rate of learning; smaller doses either produced
progressively less impairment or had no effect. In contrast,
chlorpromazine did not affect overall accuracy at any of
the doses tested (0.5—8 mg/kg), although there was a slight
error-increasing effect at the largest dose during the first
part of the session.

In the chain procedure described above, both color and
serial position were available as discriminative stimuli for

correct responding. In the present research, different
colored keylights were no longer associated with the four-
response sequence; when the keylights were on, they were
always white. Such a situation, in which reinforcement is
contingent upon the completion of four behavioral require-
ments in succession in the absence of correlated external
stimuli, can be termed a ‘“‘tandem” sequence (cf. [7]). In
short, the tandem procedure eliminated color as a dis-
criminative stimulus so that the pigeons had only serial
position as a cue for pecking the correct keys, e.g., Left,
Right, Center, Right, food.

The main objective of the present research was to deter-
mine whether the repeated acquisition of tandem response
sequences would be affected by d-amphetamine and chlor-
promazine in the same way that was found with behavioral
chains in the previous study [25]. It has been shown in a
variety of other situations that the behavioral effects of
many drugs can be modified by the presence or absence of
external discriminative stimuli [5, 10, 11, 15, 16, 17, 19,
20, 22, 24, 27, 28]. To permit a further comparison, the
drug tests were also conducted under a performance condi-
tion, in which the tandem response sequence was the same
from session to session.
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METHOD
Animals

Three adult male White Carneaux pigeons (Nos. 7, 8 and
10) were used. All had been used previously in drug experi-
ments involving the repeated acquisition and performance
of behavioral chains [25,26]. The pigeons were maintained
within 10 g of 80% of their free-feeding weights throughout
the research by food presented during the sessions and by
postsession supplemental feeding. The 80% values ranged
between 475 and 510 g. Water and grit were always avail-
able in the home cages.

Apparatus

A standard three-key pigeon chamber (Lehigh Valley
Electronics, Model 1519B) and connecting automatic
control equipment were used. Each translucent response
key, which required a static force of 18 g (0.177 newton)
to close the microswitch, could be transilluminated by a
Sylvania 24ESB white indicator lamp. The scheduling of
events was accomplished by means of timers, steppers and
associated relay circuitry; the recording was by counters
and an 11 pen event recorder. White noise was continuously
present in the chamber to mask extraneous sounds.

Procedure

Throughout the following procedures the reinforcer was
5 sec access to mixed grain. Presentation of food was
accompanied by the offset of the keylights and the onset of
the magazine light. The houselight was always off. Each
session terminated after 40 food presentations. A blackout
(all lights off) of variable duration preceded and followed
each session. With few exceptions there were 7 daily
sessions a week.

Baseline conditions. The pigeons obtained food by
making 4 responses on 3 keys in a specified sequence, e.g.,
Left, Right, Center, Right (LRCR). All 3 keys were the
same color (white) throughout the tandem sequence.
(There was a momentary dimming of the keylights when
the sequence advanced.) The same sequence (in this case,
LRCR) was repeated throughout a given session and each
completion of the sequence was considered a trial. Food
reinforcement was on a fixed ratio (FR 5) schedule: the
completion of every fifth trial was followed by 5 sec access
to grain. The completion of all other trials was followed by
a 0.5 sec presentation of the food magazine. The number of
correct responses per session was fixed: four-response
sequence on an FR 5 schedule for 40 food reinforcements =
800 correct responses. When the pigeon pecked an incorrect
key (a key not included in the four-response sequence), the
error was followed by a 5 sec timeout. During the timeout,
the keylights were off and a response had no effect. An
error did not reset the sequence; i.e., the correct key after
the timeout was the same as before the timeout.

Under the tandem-learning condition, the four-response
sequence was changed from session to session. The se-
quences were carefully selected to be equivalent in several
ways and there were restrictions on their ordering across
sessions (see [25]). An example of a typical set of six
sequences “is as follows: LRCR, CLRL, LRLC, RCRL,
CLCR, RCLC.

Under the tandem-performance condition, the four-
response sequence was the same from session to session.
Different sequences were arbitrarily selected for the three
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pigeons: CRLR for No. 7; RCRL for No. 8; LRCR for
No. 10.

Drug testing. The drugs were tested first under the
tandem-learning condition and then under the tandem-
performance condition with No. 7; the conditions were
reversed with Nos. 8 and 10. Before the drug testing began,
the tandem baseline (either learning or performance) was
stabilized. The baseline was considered stable when the
total errors per session and the within-session error rates no
longer showed systematic change from session to session.
Following baseline stabilization (50—70 sessions under the
tandem-learning condition; 20-30 sessions under the
tandem-performance condition), the next 16 weeks were
used to obtain dose-effect data for d-amphetamine sulfate
and chlorpromazine hydrochloride. Four doses of each drug
were tested (0.5, 1, 2, and 4 mg/kg of d-amphetamine; 2, 4,
8, and 16 mg/kg of chlorpromazine) and two determinations
for each dose were taken with each pigeon. The drug testing
followed the design ACCA, where A and C represent the
blocks of four doses of d-amphetamine and chlorproma-
zine; within each block, the doses were tested in a random
order. The drugs were dissolved in saline and injected into
the pectoral muscles 30 min before the test sessions, which
took place once a week. Another session in each week was
preceded by the administration of saline. The volume of
each injection was 0.1 ml/100 g body weight.

RESULTS

Figure 1 shows the effects of varying doses of d-
amphetamine and chlorpromazine (both determinations) on
the total errors per session under the tandem-learning and
tandem-performance conditions. The drug data for individ-
ual animals were analyzed by comparing a given drug ses-
sion with the saline sessions and all of the baseline sessions
during drug testing except the one after the drug session.
The brackets indicate the ranges of variability for the base-
line (B) and saline (S) sessions. A drug was considered to
have an effect on overall accuracy to the extent that the
dose data fell outside of both ranges (the two dashed hori-
zontal lines). Note that the control error levels under the
learning condition were higher and more variable than
those under the performance condition. There were several
consistencies in the drug data (both determinations) for the
three pigeons: (1) under both the learning and performance
conditions, both d-amphetamine and chlorpromazine
impaired overall accuracy at the higher doses, (2) under
both conditions, the error-increasing effect of d-amphet-
amine was obtained at lower doses than with chlor-
promazine, and (3) with both drugs, the error-increasing
effect was detected at lower doses under the performance
condition than under the learning condition.

Figure 2 illustrates the within-session effects on accuracy
obtained with the largest doses of d-amphetamine and
chlorpromazine (first determinations) under the tandem-
learning and tandem-performance conditions. The errors are
plotted cumulatively so that the rate of errors during a
given part of a session can be estimated easily from the slope
of the curve. The curves for the drug sessions should be
compared to the saline (max) and saline (min) sessions,
which were the sessions with the maximum and minimum
total errors of all the saline sessions (16) conducted during
drug testing under a given condition. Under the learning
condition, although the errors decreased across trials within
each of the four sessions shown for each pigeon, the rate of
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FIG. 1. Effects of d-amphetamine and chlorpromazine on the total errors per session under the tandem-learning and tandem-
performance conditions. Four doses of each drug were tested and there were 2 determinations for each dose with each pigeon. The
brackets and dashed horizontal lines indicate the ranges of variability for the baseline (B) and saline (S) sessions.

error reduction generally occurred more slowly during the
drug sessions.

The change in error rate (negative acceleration) during
each session under the learning condition (Fig. 2, top) was
quantified by applying the Index of Curvature (cf. [8,25])
to the cumulative data. If all the errors occurred during the
first 20 trials, the Index would take on its maximum value
of —0.900; if the error rate were constant during the
session, the Index would equal 0. The Index values are
shown for each curve in Fig. 2. Note that under the learning
condition, the degree of negative acceleration of error rate
decreased (smaller Index values) as the total errors per
session increased. Under the performance condition, how-
ever, the Index values were not consistently related to the
total errors per session. In the control and drug sessions
under the performance condition, there was either slight
positive acceleration of error rate or less negative accelera-
tion than that found under the learning condition. In short,
the error rate under the performance condition was rela-
tively constant, but was higher in the drug sessions than in
the control sessions. The second determinations for these
doses yielded similar results.

An inspection was made of the distribution of errors
across the four serial positions of the tandem sequence and
across the 5 serial positions of the fixed ratio schedule. The

error distributions are not shown since there was no
apparent drug effect. Under both the learning and perfor-
mance control conditions, fewer errors tended to be made
in the last parts of the tandem sequence and the fixed ratio
schedule than in the first parts. The same trend was also
detected throughout the testing of both drugs.

Although errors were the data of major interest, there
were other behavioral measures affected by the drugs that
should be mentioned. One of these was the total trial time
(i.e., the total number of minutes that the keylights were
on during a session), which indicates the amount of pausing
that occurred. In general, the effects of the drugs on total
trial time (not shown) were similar to their effects on total
errors. When the drugs increased the total errors, the
amount of pausing also generally increased. There were,
however, a few cases where the total errors were above the
control range but the total trial time was not, e.g., No. 8 at
4 mg/kg of d-amphetamine (first determination) under the
learning condition; No. 10 at 2 mg/kg of d-amphetamine
(both determinations) under the performance condition.
There were no instances of increased pausing at doses that
had no effect on accuracy.

Another behavioral measure affected by the drugs was
the timeout responses per session, i.e., the total number of
responses made during the 5 sec timeout periods when the
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FIG. 2. Within-session effects on accuracy obtained with the largest doses of d-amphetamine and chlorpromazine (first determina-
tions) under the tandem-learning and tandem-performance conditions. The saline (max) and saline (min) sessions were the sessions
with the maximum and minimum total errors of all the saline sessions (16) conducted during drug testing under a given condition.
The Index of Curvature value is shown for each session. The Index can range from —0.900 (maximum negative acceleration of error
rate) to 0.900 (maximum positive acceleration) since each session was divided into tenths; a constant error rate yields a value of zero.

lights were off and a response had no effect. Figure 3 shows
the drug effects on timeout responses for the sessions
shown in Fig. 1. A comparison of Fig. 3 with Fig. 1 indi-
cates that the effects of chlorpromazine on timeout
responses were generally similar to its effects on total errors
under the learning condition. The only exception occurred
at the 8 mg/kg dose with No. 8, where there was an increase
in timeout responses but no effect on total errors. However,
under the performance condition, similar trends were
obtained in only one pigeon (No. 7). With Nos. 8 and 10,
there was no effect on timeout responses at any dose of
chlorpromazine even though total errors increased at the
higher doses. In contrast, d-amphetamine generally
affected timeout responses and total errors differently
under both the learning and performance conditions. Al-
though total errors increased at the higher doses, timeout
responses either showed no change or a slight decrease
(No. 8 at 2 and 4 mg/kg under the learning condition). The
only similarity between the 2 measures was found with
No. 7 at the 4 mg/kg dose under the performance condi-
tion, where timeout responses were elevated by d-
amphetamine.

DISCUSSION

The present results indicate that the repeated acquisition
of tandem response sequences is affected by d-amphet-
amine in a manner similar to that found with chain
sequences in previous research [25]. With both tandem and
chain sequences, the largest dose (4 mg/kg) produced
increases in total errors and total trial time but had little or
no effect on timeout responses. In both cases, the rate of
within-session error reduction (learning) was less in the drug
sessions than in the control sessions. An attempt to mimic
these drug effects by a prefeeding manipulation was unsuc-
cessful [25], thereby suggesting that d-amphetamine’s
effect on learning is not related to the possible anorexic
effect of the drug (the amount of grain consumed was not
measured ).

Despite the above similarities, however, the tandem-
learning baseline appeared to be less sensitive to the effects
of d-amphetamine than the chain-learning baseline. Doses
smaller than 4 mg/kg did not increase total errors (Fig. 1)
or total trial time under the tandem-learning condition but
did have such effects under the chain-learning condition
[257.



REPEATED ACQUISITION AND DRUGS

745

Determination
First Second

LEARNING d-Amphetamine a a
8001 8001 cChlorpromazine o o 800
700} 700+ No. 8 700
600} 600} 600
T
Z 5001 500} 500
7]
¥ 400} 400} 400
w
~
@ 300} 300} 300
2
8 200} 200 200
[4s]
Y oo} 100( 100
5
Lo o 1 1 1 R T L L 0
S 8565 T 2z 4 8 16 °BSO5 I 2 4 8 16
Z  PERFORMANCE
300 3001
200 No. 8 200} No. 10
100
0 05 1 2 4 8 16 9BSos5 | 2 4 8 16

DOSE (mg/kg)

FIG. 3. Effects of d-amphetamine and chlorpromazine on the timeout responses per session (i.e., the total number of responses made
during the 5 sec timeout periods when the lights were off and a response had no effect) under the tandem-learning and tandem-
performance conditions. (See legend for Fig. 1).

The largest dose of chlorpromazine tested under the
chain-learning condition was 8 mg/kg. Although this dose
did not increase total errors, the within-session data sug-
gested that “. . . if even larger doses of chlorpromazine had
been tested, the overall accuracy would have been im-
paired” ([25], p. 512). This suggestion is supported by the
present finding that 16 mg/kg of chlorpromazine produced
a substantial increase in total errors (Fig. 1). The tandem-
learning baseline was, however, less sensitive to the effects
of chlorpromazine on total trial time than the chain-
learning baseline; e.g., the 8 mg/kg dose did not increase
total trial time under the tandem-learning condition but did
have such an effect under the chain-learning condition
[25].

Similar results have been obtained in a related ‘‘perfor-
mance’’ situation, where two phenothiazines (chlor-
promazine and trifluoperazine) had greater effects on the
response rate of pigeons under a chained fixed ratio
schedule than under a tandem fixed ratio schedule {24]. In
a variety of other performance situations, however, it has
bzen found that behavior under the control of external
discriminative stimuli is less readily disrupted by drugs than
behavior not under such control {5, 10, 11, 15, 16, 17, 19,
20, 22, 27, 28]. In discussing this apparent discrepancy,
Laties [15] pointed out that “. .. framing an explanation
of how drug action is modified by stimulus control may
require one to determine just what types of behavioral

changes are produced by the addition of particular environ-
mental stimuli at particular times” (p. 12).

One type of behavioral change produced by switching
from the chain-learning condition in the previous study
[25] to the tandem-learning condition in the present re-
search was an increase in baseline variability. Since detec-
tion of a drug effect is obviously more difficult as the
control variability increases, this factor may explain why
the tandem-learning baseline was less sensitive to drug
effects than the chain-learning baseline. Because the drug
effects originally obtained with the chain-learning baseline
[25] were replicated after the completion of the present
research (unpublished observations), the lesser sensitivity of
the tandem-learning baseline cannot be attributed to the
experimental histories of the pigeons. Although the factor
of baseline variability may also account for the finding that
the tandem-learning baseline was less sensitive to some of
the drug effects than the tandem-performance baseline
(Fig. 1), it cannot explain the different within-session
changes in behavior under the two conditions (Fig. 2).
Under the learning condition, the error rate decreased
across trials, but the degree of negative acceleration was less
(smaller Index of Curvature values) in the drug sessions
than in the control sessions. In contrast, under the perfor-
mance condition, the error rate was relatively constant
across trials, but was higher in the drug sessions than in the
control sessions.
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It is difficult to compare either the tandem-learning or
chain-learning baseline with other techniques reported in
the literature on drugs and learning because (1) none of the
previous studies of the effects of d-amphetamine and chlor-
promazine on learning have used pigeons as subjects and (2)
most of these studies have not obtained dose-effect data
and have not used accuracy as a behavioral measure (see
reviews: [6, 9, 13, 14, 18, 23, 29]). The tandem-
performance baseline, however, may be compared with
other techniques that have been used to study the dose-
effects of these drugs on performance accuracy in pigeons,
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such as matching to sample {1, 2, 3, 12, 21] and counting
schedules [4,15]. With these techniques, it has been
shown that d-amphetamine and chlorpromazine can impair
performance accuracy in a dose-related fashion, which is
consistent with the present results.

In conclusion, despite certain similarities in the data
obtained with chain and tandem sequences, a comparison
of the present results with previous research [25] indicates
that the repeated acquisition of behavioral chains is a more
stable and a more sensitive baseline for assessing the effects
of drugs on learning in individual animals.
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