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Drugs often disrupt the acquisition of new response sequences at doses that fail to disrupt the
performance of a previously acquired response sequence. This selective drug effect may result from
differences in the control exerted by the stimuli presented after each response in the acquisition and
performance sequences. To examine the function of these stimuli, an observing procedure was incor-
porated into a multiple schedule of repeated acquisition and performance of response sequences, in
which stimulus presentations were contingent upon an observing response. Three experiments were
conducted with humans. Experiment 1 compared responding with and without the observing contin-
gency. No difference was found in the overall percentage of errors across the two conditions. Within
the observing condition, observing behavior was maintained in the acquisition component as long as
errors occurred, but was not maintained in the performance component. Experiment 2 examined
whether a contingency that increased errors also would increase observing in both the acquisition and
performance components. Specifically, reinforcer delivery in each component was contingent upon
emitting 10 correct responses and one, two, or four errors. Observing responses increased in the
acquisition component as the error requirement increased, whereas observing responses in the per-
formance component increased only when the error requirement was four. Experiment 3 assessed the
effects of diazepam (0, 7.5, 15, and 30 mg/70 kg, p.o.) and triazolam (0, 0.375, and 0.75 mg/70 kg,
p.o.) on repeated acquisition and performance baselines with the observing contingency. Selective drug
effects were obtained in this modified procedure; that is, the percentage of errors in the acquisition
component increased at doses that failed to affect the percentage of errors in the performance com-
ponents. Importantly, drug effects were selective, even though observing responses were not emitted
in the performance component and, hence, the stimulus presentations did not occur in that component.
These findings suggest that alternative explanations for these differential effects are needed; in that
regard, a response-unit account of the selective drug effects is discussed.
Key words: repeated acquisition, response sequences, observing behavior, conjunctive schedule, di-

azepam, triazolam, conditioned reinforcement, key press, humans

In procedures involving the repeated ac-
quisition of response sequences, reinforcer de-
livery is contingent on the acquisition of a new
and predetermined sequence of responses
(Boren, 1963; Thompson, 1973). During the
acquisition of a sequence, each response typ-
ically produces a stimulus (i.e., response-de-
pendent stimulus presentations); if the re-
sponse is correct (i.e., part of the predetermined
sequence), then a stimulus correlated with pro-
gression though the sequence is presented. If
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the response is incorrect (i.e., not part of the
predetermined sequence), then a stimulus
paired with a timeout from reinforcement is
presented. After sufficient training, response
rates and the number of errors made in ac-
quiring the sequence become stable, thereby
providing a stable baseline of transition states
upon which the effects of drugs or other vari-
ables may be examined (Thompson, 1973).
The procedure also has been used in a two-
component multiple schedule composed of an
acquisition component, described above, and a
performance component in which reinforcer
delivery is contingent upon the occurrence of
a previously acquired response sequence
(Thompson & Moerschbaecher, 1979). The
multiple-schedule procedure provides a base-
line by which the acquisition of new behavior
can be contrasted with the performance of pre-
viously acquired behavior (e.g., Barthalmus,
Leander, & McMillan, 1978; Moersch-
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baecher, Thompson, & Winsauer, 1983; Pe-
netar, 1985; Thompson & Moerschbaecher,
1979).

Responding in the acquisition component of
the multiple-schedule procedure is usually
more sensitive to the error-increasing effects
of drugs than is responding in the performance
component (Thompson & Moerschbaecher,
1979). Such selective effects have been re-
ported with a variety of drugs and across sev-
eral species (Barthalmus et al., 1978; Bickel,
Higgins, & Griffiths, 1989; Desjardins,
Moerschbaecher, Thompson, & Thomas, 1982;
Higgins, Bickel, O'Leary, & Yingling, 1987;
Higgins, Woodward, & Henningfield, 1989;
Thompson, 1975; Thompson & Moersch-
baecher, 1979). The variables responsible for
these drug effects are unknown. Response- and
reinforcement-rate differences between the
components have been shown not to contribute
to the selective drug effects (Bickel et al., 1989;
Higgins, Bickel et al., 1989). Another factor
that may contribute to selective drug effects is
the control exerted by stimuli presented after
each response in the sequence (i.e., the control
exerted by the response-dependent stimulus
presentations).

Several behavioral studies have assessed the
effects of removing the response-dependent
stimulus presentations. For example, remov-
ing the stimulus at a particular location in the
sequence increased errors in the acquisition of
the response immediately preceding and fol-
lowing the removed stimulus (Hursh, 1977).
This disruption suggested that the stimulus
functioned both as a conditioned reinforcer and
as a discriminative stimulus (Hursh, 1977).
Unfortunately, only the acquisition component
was employed in that procedure, preventing
examination of any differences in stimulus
function across the acquisition and perfor-
mance components. When acquisition and
performance baselines have been examined
under chained (i.e., a stimulus presentation
after each response) and tandem (i.e., no stim-
ulus presentation after each response) sched-
ules with pigeons, fewer errors occurred in the
chained than in the tandem schedule under
both acquisition and performance conditions
(cf. Harting & McMillan, 1976; Thompson,
1975; Thompson & Moerschbaecher, 1979).
These studies showed that the presence or ab-
sence of these stimuli was correlated with the
number of errors.

However, conflicting results have been re-
ported. For example, removal of the response-
dependent stimulus presentations after the ac-
quisition of a sequence (i.e., performance) did
not alter accuracy of responding by pigeons or
humans. These findings suggest that the re-
sponse-dependent stimuli were not function-
ally related to accuracy with performance
baselines (Deitz et al. 1987; Straub, Seiden-
berg, Bever, & Terrance, 1979). The reasons
for this discrepancy are unknown.
One study has reported on the effects of

drugs on the repeated acquisition and perfor-
mance of response sequences under chained
and tandem schedules with pigeons (Thomp-
son, 1975). Under the chained schedules,
chlordiazepoxide and phenobarbital increased
errors in the acquisition component at doses
that did not affect errors in the performance
component. Under the tandem schedules, op-
posite results were obtained; drugs failed to
increase errors in the acquisition component
at doses that increased errors in the perfor-
mance component. The presence or absence of
the response-dependent stimuli appeared to
determine the direction of the selective drug
effects. However, these results should be in-
terpreted with caution because the variability
in tandem acquisition was considerably greater
than in tandem performance; this may have
obscured drug effects in the former condition.
Thus, the relationship between the response-
dependent stimulus presentations and selective
drug effects in the procedures involving re-
peated acquisition and performance remains
unclear.
The present experiments further assessed

the function of the response-dependent stim-
ulus presentations by incorporating an ob-
serving contingency into the repeated acqui-
sition and performance procedure with human
subjects. Observing behavior is maintained by
the reinforcing effects of the stimuli that those
responses produce (Dinsmoor, Flint, Smith, &
Viemeister, 1969; Kelleher, Riddle, & Cook,
1962; Laties & Weiss, 1960). Given that the
response-dependent stimulus presentations can
function as reinforcers in the acquisition com-
ponent (Hursh, 1977, discussed above), ob-
serving behavior may be maintained by those
stimuli. Thus, by examining observing behav-
ior under several different conditions, includ-
ing conditions in which a drug is administered,
differences in the function of the response-
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dependent stimuli across the acquisition and
performance component, if any, may be dis-
cerned.

EXPERIMENT 1
In this experiment, repeated acquisition and

performance baselines were compared with and
without an observing contingency to assess
whether inclusion of an observing contingency
altered the repeated acquisition and perfor-
mance baselines.

METHOD
Subjects

Participants were 4 healthy males who pro-
vided written informed consent and lacked prior
experience with the repeated acquisition pro-
cedure. Average age was 32 years (range, 22
to 44). Subjects participated as outpatients and
received compensation at a rate of $4.00 per
hour of participation with additional monies
contingent on responding in the repeated ac-
quisition and performance procedure ($0.05
per completed trial). Throughout the study,
urine samples were collected and analyzed for
the presence of amphetamine, barbiturates, co-
caine, marijuana, and opioids. If drug use was
detected, the test day was suspended until drug-
free samples were submitted.

Setting and Apparatus
During sessions, subjects remained in a large

room containing five experimental stations
(brief visits to the restroom were permitted).
Several subjects participated simultaneously
and were instructed not to talk while in the
experimental room.

Each experimental station was equipped
with a Commodores 64 microcomputer, a color
video monitor (Panasonic DT1300), a three-
key response panel and a numeric keypad
(Cardco Cardkey). The computer controlled
the experiment and recorded data. The re-
sponse panel (4 cm by 5 cm by 25 cm) was
custom-built, with the keys arranged in a row
approximately 6 cm apart from each other.
The "enter" key of the numeric keypad served
as the observing key.

Procedure
Three-hour experimental test days were

scheduled at approximately the same time twice
weekly on Mondays and Thursdays or Tues-

days and Fridays. On test days, eight sessions
of the repeated acquisition and performance
procedures were conducted at approximately
20-min intervals. A session consisted of a single
presentation of both the acquisition and per-
formance components (see below). Each com-
ponent ended after completion of 20 trials or
after 5 min had elapsed, whichever occurred
first. A new response sequence was to be ac-
quired each session in the acquisition com-
ponent, while the sequence remained the same
in the performance component.

Multiple schedule with the observing contin-
gency. Subjects performed under a multiple
schedule of repeated acquisition and perfor-
mance of response sequences (Desjardins et al.,
1982; Higgins et al., 1987). The component
in which the session began was counterbal-
anced across subjects. In each schedule com-
ponent, subjects completed 10-response se-
quences using the left (L), center (C), and right
(R) keys of the response panel. As illustrated
in Figure 1, reinforcement delivery was con-
tingent on depressing the keys in a predeter-
mined order. The word "begin" was presented
on the screen at the start of the sequence and
remained there until the completion of the first
response. In the illustrative response sequence
shown in Figure 1, for example, the subject
was required to depress the keys in the order
of R, L, C, R, C, L, R, C, L, R. Correct
responses moved the subject to the next posi-
tion in the sequence. Incorrect responses re-
turned the subject to the position in the se-
quence at which the error occurred. There
were no scheduled stimulus presentations fol-
lowing responses on any of the three keys.
Instead, stimulus presentations were contin-
gent upon an observing response, that is, de-
pressing the observing key. After each observ-
ing response, the stimulus "correct" or "wrong")
was presented for 1 s in the center of the video
screen. The stimulus that was presented de-
pended on whether the most recent response
to one of the three response keys was correct
or incorrect. Completion of each sequence (i.e.,
trial) added one point to a running total dis-
played at the top of the screen and presented
the word "begin" at the start of the next trial.

In the acquisition component (paired with
a red screen), a new 10-response sequence had
to be acquired each session. The following cri-
teria were used in the selection of sequences
for the acquisition component: (a) the perfor-
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Illustrative Response Sequence

Correct ResRonse Keus: R, L, C, R, C, L, R, C, L, R

Begin

|
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Observing response

CorroR Wrong
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LIjI MUsrvilng response

Corret ~rong

Conti nues through sequence
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Fig. 1. The steps involved in moving through a typical
10-response sequence used in the study (after Higgins et
al., 1987). At the top are the 10 correct responses required
on the response manipulandum. Correct responses ad-
vanced the subject to the next step in the sequence without
presenting any stimuli. Incorrect responses returned the
subject to the step in the 10-response sequence at which
the error was made. An observing response resulted in a
1-s presentation of the word "correct" or "wrong." Each
completed sequence added lpoint to a running total and
returned the subject to the first step in the sequence.

mance sequence was never used in the acqui-
sition component; (b) the first three responses
in a sequence were never in a L, C, R order;
(c) consecutive responses on the same key were
never required within a sequence; (d) repeti-
tions did not occur in any of the 10 positions
in two consecutive acquisition sequences for
an individual subject (e.g., if depressing C key
was correct in the first link in the first se-
quence, then keys L or R would be the first
link in the next sequence); and (e) subjects
were not exposed to any sequence for more
than one session. In the performance compo-
nent of the multiple schedule (paired with a
green screen), the 10-response sequence re-

mained the same throughout the experiment.
The performance sequence was always to de-
press the keys in an order of C, L, R, L, R,
C, L, R, C, L. The performance sequence had
to be acquired initially under these same con-
ditions.

Multiple schedule without the observing con-
tingency. The repeated acquisition and per-
formance procedure without the observing
contingency was identical in all respects to the
procedure with the observing contingency ex-
cept that responses resulted in the immediate
presentation of the words "correct" or "wrong"
for 1 s (i.e., no observing response was re-
quired). Responses on the three-key response
panel had no effect during the 1-s presentation
of "correct" or "wrong."

Subjects were assigned randomly to start the
study with or without the observing contin-
gency. The alternate condition began when no
increasing or decreasing trends in the per-
centage of errors were discernible during the
preceding six sessions. Within-subject repli-
cations were then conducted.

Instructions. The following instructions were
read to subjects immediately before their first
session in each condition. These instructions
were not available during sessions, but subjects
could request that these instructions be reread
before any session. Instructions in parentheses
were read only before observing sessions.

This task involves you pressing three keys, left,
center and right in a particular sequence. Press
only one key at a time with your preferred hand.
Every time you complete a sequence of 10 cor-
rect responses, the top counter advances.
The word "begin" will be presented at the

beginning of the sequence. After you make your
first response, (you must press the enter key on
the numeric keypad to see if you were correct
or wrong. When you press the enter key,) you
will see the word "correct" on the screen if your
response was correct. If you were wrong the
word "wrong" will appear on the screen.
(Whether you press the enter key to see whether
you are correct or wrong is up to you. You may
press that key as little or as much as you would
like.) This will continue until the sequence of
10 correct responses is completed.
The green screen indicates a performance

condition in which the sequence is the same
from session to session. The red screen indicates
a learning condition in which the sequence is
different from session to session.
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Press one of the keys when you are ready to
begin.

Data Analysis
Number of responses on the observing key,

overall rates of responding on the three re-
sponse keys, overall errors, and within-session
distribution of observing responses and errors
were collected and analyzed separately for each
component of the multiple schedule. Overall
response rates in each schedule component were
analyzed as responses per minute by dividing
the total number of responses per schedule
component by total time in that component
minus stimulus presentation time. Errors were
defined as responses on any response key other
than the correct key and calculated as overall
percentage of errors by dividing the total num-
ber of errors in the component by the total
number of responses on the three response keys
in that component and multiplying by 100.

RESULTS
The number of sessions per condition is dis-

played in Table 1.

Number of Responses per Session on the
Observing Key

Responding on the observing key in the ac-
quisition and performance components was
replicable within subjects (Figure 2). (Of
course, no observing responses were made in
the no-observing condition.) With observing
conditions in effect, observing responses ranged
from 13 to 52 responses per session across sub-
jects in the acquisition component. In the per-
formance component, few or no observing re-
sponses were made, with responses ranging
from zero to five responses per session across
subjects.

Overall Percentage of Errors
The percentage of errors in the acquisition

component was greater than in the perfor-
mance component, and was comparable with
and without the observing contingency (Figure
3). In the acquisition component, the per-
centage of errors ranged from 1.0% to 11.1%
and 1.4% to 9.1% across subjects in the con-
ditions with and without the observing contin-
gency, respectively. In the performance com-
ponent, the percentage of errors ranged from
0% to 3.9% and 0% to 4.6% across subjects in

Table 1
Number of sessions per condition.

Conditions
Subject No obs Obs No obs Obs No obs Obs

JL 41 59 12 55
GA 31 39 24 14
WK - 27 15 22 12 14
PC 38 32 7 12 18

Note: Obs = observing contingency.

the conditions with and without the observing
contingency, respectively.

Within-Session Distribution of Observing and
Errors

Cumulative plots of observing responses and
errors during three consecutive sessions from
a representative subject show that observing
responses and errors in the acquisition com-
ponent generally covaried (Figure 4). More-
over, observing and errors decreased to a com-
parable extent during the session. Generally,
neither observing nor errors occurred in the
performance component.

Overall Response Rates
Overall rates of responding in the acquisi-

tion and performance components from the last
six sessions of each condition were stable and
replicable within subjects (Figure 5). How-
ever, response rates were generally lower in
the no-observing condition than in the observ-
ing condition. For example, in the acquisition
component, response rates ranged from 64.2
to 140.4 and from 43.4 to 54.1 responses per
minute across subjects in the conditions with
and without the observing contingency, re-
spectively. In the performance component, re-
sponse rates ranged from 121.1 to 243.6 and
44.1 to 51.5 responses per minute across sub-
jects in the conditions with and without the
observing contingency, respectively.

DISCUSSION
Adding an observing contingency did not

affect the percentage of errors, but response
rates were greater with than without the ob-
serving contingency. Response rates from the
acquisition and performance components with
the observing contingency were within the
range of response rates reported previously with
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Fig. 2. Mean observing responses per session in the acquisition and performance components are shown for the

last six sessions of the observing condition. The variability bar indicates the upper range.

repeated acquisition and performance base-
lines in humans (Bickel et al., 1989; Higgins
et al., 1987). Response rates from the acqui-
sition and performance components without
the observing contingency were consistently
lower than those reported previously. Latency

to initiate a sequence (data not shown) was
not different across conditions, suggesting that
the lower response rates obtained in both com-
ponents without the observing contingency
were due to responding during the sequence.
Perhaps the 1-s stimulus presentations, which
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Fig. 3. Mean percentage of errors in the acquisition and performance components are shown for the last six sessions
of each condition (i.e., no-observing or observing conditions). Filled bars indicate the no-observing condition, and
unfilled bars indicate the observing condition. The variability bar indicates the upper range.

occurred after each response in the condition
without the observing contingency, functioned
as a brief timeout and suppressed rates of re-

sponding (Branch, Nicholson, & Dworkin,
1977; McMillan, 1967). Overall, the incor-

poration of the observing response, with the
exception of response rate, did not substan-
tially alter the repeated acquisition and per-

formance baselines.
Observing in the acquisition component was
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Fig. 4. Cumulative observing responses and errors in the acquisition component as a function of trials within a

session from the first three consecutive sessions from the third exposure to the observing contingency for a single subject.

maintained as long as errors were made. Also,
observing responses decreased during a session
as errors decreased. In the performance com-
ponent, the stimulus presentations did not
maintain observing responses. However, given

the paucity of errors in the performance com-
ponent, it is impossible to determine whether
the relationship noted between errors and ob-
serving in the acquisition component also per-
tained to the performance component.
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the observing condition. The variability bar indicates the upper range. Note that points overlap.

EXPERIMENT 2 absence of observing in the performance com-
Observing responses and errors were closely ponent may have been due simply to the ab-

correlated in Experiment 1. If a relationship sence of errors in that component. In Exper-
exists between these two responses, then the iment 2, reinforcement was dependent on the
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occurrence of "errors" in both the acquisition
and performance components. If observing re-
sponses are functionally related to errors, then
the production of errors should result in ob-
serving responses in both components.

METHOD
Subjects

Participants were 4 healthy adults (3 males
and 1 female) with a mean age of 28 years
(range, 22 to 44) who provided written in-
formed consent. Subjects WK, GA, and PC
had participated in Experiment 1; Subject VB
lacked prior experience with the repeated ac-
quisition and performance procedure. Subject
earnings were the same as in Experiment 1.

Apparatus and Instructions
The apparatus and instructions were the

same as in Experiment 1.

Procedure
Only the multiple schedule with the ob-

serving contingency was used in this study.
The schedule of test days was the same as in
Experiment 1. Once the percentages of errors
became stable, the error contingency was in-
troduced in the following manner. If the per-
centages of errors were stable across the first
three of the eight sessions conducted each test
day for both components, the error contingency
was introduced for one randomly selected ses-
sion between the fourth and seventh session
inclusive. The error contingency was in place
for only one trial in the selected session. Prior
research indicated that errors typically were
not made after the 10th trial in the acquisition
component. Thus, the error contingency was
introduced for one randomly selected trial be-
tween the 10th and 18th trial and was imposed
on the same trial in both the acquisition and
performance components. To show the num-
ber of errors and observing responses that typ-
ically occur in the absence of an error contin-
gency, observing and error data from randomly
selected trials that met the trial selection cri-
teria (listed above) were used.
The error contingency required subjects to

make one, two, or four errors and 10 correct
responses to increment the counter on the video
screen and to move to the next trial. The errors
could be made at any point in the trial, making
it a conjunctive schedule (Barrett, 1974;
Herrnstein & Morse, 1958; Katz, 1983). An

observing response after an error resulted in
a 1-s presentation of the word "wrong." If an
error was made, the subjects remained at that
position in the sequence until a correct re-
sponse was completed. If the 10-response se-
quence was completed, then the subject re-
mained at that position until the error
contingency was satisfied or until the compo-
nent timed out (e.g., 5 min). In general, each
error requirement was imposed twice per sub-
ject in a random order. Due to experimenter
error, Subject PC had the two-error require-
ment imposed on only one occasion. Subjects
did not receive instructions about this contin-
gency; the only instruction they received was
the observing instruction given in Experi-
ment 1.

RESULTS
In general, imposition of the error require-

ment had no effect on errors and observing
other than in the trial in which it was imposed;
overall responding on the multiple schedule
was stable throughout this study. Figure 6
shows the number of errors and observing re-
sponses in the acquisition and performance
components as a function of the error require-
ment for individual subjects. Under baseline
conditions, errors and observing responses
generally did not occur in the acquisition and
performance components. In the acquisition
component, the number of errors and observ-
ing responses generally increased as the error
requirement increased with the two measures
paralleling each other. In the performance
component, increasing the error requirement
generally increased the number of errors, sim-
ilar to the effect seen in the acquisition com-
ponent. Observing behavior, however, ap-
peared less sensitive to this manipulation. For
example, at the two-error requirement no ob-
serving responses were made in the perfor-
mance component despite the occurrence of
errors, and only zero to two observing re-
sponses occurred when the four-error require-
ment was imposed.

DISCUSSION
The introduction of the error requirement

increased the number of errors in both com-
ponents. Observing responses in the acquisi-
tion component increased as the error require-
ment increased, whereas observing responses
increased to a more limited extent and only
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when the maximum error requirement was

imposed in the performance component. Of
course, it is impossible to determine whether
the error requirement increased errors and ob-
serving responses separately or if the error re-

quirement increased errors that in turn in-
creased observing responses. Nonetheless, these

findings support the observation from Exper-
iment 1 that errors and observing are highly
correlated in the acquisition component. These
findings also suggest that observing in the ac-

quisition component was more sensitive to this
manipulation than was observing in the per-
formance component.
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Although no within-trial data are available
to illustrate the distribution of errors and ob-
serving responses, informal observations across
subjects showed a similar pattern. More spe-
cifically, the 10 correct responses were com-
pleted in both the acquisition and performance
components. At this point, the computer did
not indicate the completion of a chain (e.g., an
increment of the point counter). Subjects then
began to make errors; that is, they made a
response on the three-button manipulanda. In
the acquisition component, each error was
usually followed by an observing response. In
the performance component, no or few ob-
serving responses were made.

Importantly, this error contingency was im-
posed on an acquisition trial in which errors
typically did not occur. At this point, respond-
ing in the acquisition and performance com-
ponents was indistinguishable as measured by
errors. In fact, this formal similarity has been
the rationale for using behavior from the later
portions of an acquisition session as the sole
indicator of performance in some studies.
However, the present study demonstrates that
when behavior in the acquisition component
is error free and appears performance-like, it
is nonetheless more sensitive to some manip-
ulations than behavior in the performance
component; therefore, the two types of behav-
ior should not be considered functionally
equivalent.

EXPERIMENT 3
The results of Experiments 1 and 2 suggest

that observing responses occur in the acqui-
sition component when errors occur and that
a similar effect occurs in performance, al-
though to a lesser degree. In this experiment,
two drugs (diazepam and triazolam) that have
error-increasing effects (Bickel, Hughes, &
Higgins, 1990) were administered to deter-
mine (a) whether selective drug effects would
be obtained when the observing contingency
was operating, (b) whether those selective drug
effects would occur in the absence of observing
behavior in the performance component, and
(c) whether increased observing would be cor-
related with the error-increasing effects of the
drugs.

First, the observing contingency may have
altered the selective drug effects typically ob-

tained with the repeated acquisition and per-
formance baselines. However, obtaining selec-
tive drug effects suggests that the observing
contingency was unobtrusive. Second, if the
stimuli were not observed in the performance
component (i.e., observing responses did not
occur) with selective drug effects still obtained,
then the control exerted by those stimulus pre-
sentations could not have attenuated the sen-
sitivity of responding in the performance com-
ponent to those drug effects (cf. Thompson,
1975); that is, they would not have been pres-
ent to have exerted any effect in that compo-
nent. Third, if a functional relationship exists
between errors and observing in both com-
ponents, then increased observing should be
observed to the extent that errors are observed.
Two benzodiazepines were studied. Diaz-

epam and triazolam were selected because they
have been studied previously in the repeated
acquisition of response sequences by humans
and therefore permit comparisons across stud-
ies (Bickel et al., 1989, 1990; Desjardins et al.,
1982; Higgins et al., 1987).

METHOD
Subjects and Apparatus

Participants were 7 healthy adults (4 males
and 3 females) with a mean age of 28 years
(range, 19 to 37) who provided written in-
formed consent. Subject GA had participated
in Experiments 1 and 2. The remaining sub-
jects did not have prior experience with the
repeated acquisition and performance proce-
dure. Earnings were the same as in Experi-
ments 1 and 2, and the apparatus was the same
as in those experiments.
Procedure

Only the multiple schedule with the ob-
serving contingency was used in this study.
The procedural aspects of the repeated ac-
quisition and performance procedure with the
observing contingency were identical to those
described in Experiment 1 except that a test
day consisted of five sessions; that is, a session
was conducted before drug administration and
again at 30, 60, 90, and 120 min after drug
administration. The peak effect of both oral
diazepam and triazolam on percentage of er-
rors usually occurs 30 to 90 min after drug
administration (Bickel et al., 1989, 1990; Hig-
gins et al., 1987).
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Drug administration. Three subjects (CM,
GA, and CG) received diazepam, and 4 sub-
jects (CA, DN, JT, and MT) received tria-
zolam. Diazepam and triazolam were admin-
istered in two opaque capsules with lactose as
filler under double-blind conditions. Placebo
doses consisted of lactose only. Diazepam doses
were 0 (placebo), 7.5, 15, and 30 mg/70 kg
of body weight. Triazolam doses were 0 (pla-
cebo), 0.375, and 0.75 mg/70 kg of body weight.
Each dose of diazepam and triazolam was tested
on two and three occasions, respectively. For
safety, a lower dose was always given before
a higher dose during the first determination.
After that, the dose order was determined ran-
domly. The usual therapeutic doses of diaze-
pam and triazolam are 10 mg and 0.25 mg,
respectively (Physicians Desk Reference, 1991).

RESULTS
Number of Responses per Session on the
Observing Key

Effects of diazepam and triazolam on ob-
serving responses per session are shown across
a 2-hr time course in Figure 7. During placebo
sessions, few observing responses were made
under either schedule component, although
more observing responses were made in the
acquisition than in the performance compo-
nent. For example, when placebo was admin-
istered, observing responses were usually sta-
ble in the acquisition component and ranged
between 10 and 62 responses per session across
all subjects, whereas in the performance com-
ponent observing response rates ranged from
zero to nine responses per session.

In the acquisition component, administra-
tion of the 15 and 30 mg/70 kg doses of di-
azepam and the 0.375 and 0.75 mg/70 kg
doses of triazolam reliably increased observing
responses above the range of control values for
all subjects. In general, the 7.5 mg/70 kg dose
of diazepam was not different from placebo.
Onset of effects for both drugs was apparent
at 30 or 60 min postdrug, with peak effects
observed between 60 and 120 min postdrug.
The duration of diazepam's effects was gen-
erally dose dependent, with the 30 mg/70 kg
dose exerting a longer lasting effect than the
15 mg/70 kg dose. In general, triazolam did
not produce reliable dose-related differences
in the duration of effect.

In the performance component, observing
responses were generally unaffected by any
dose of diazepam or triazolam. The one ex-
ception was a slight increase in Subject CG's
observing responses at the 7.5 mg/70 kg dose
of diazepam 30 min after drug administration.

Overall Percentage of Errors
Effects of diazepam and triazolam on the

overall percentage of errors are shown for in-
dividual subjects in Figure 8. During placebo
conditions, relatively few errors were made in
either schedule component, but errors were
greater in the acquisition than in the perfor-
mance component. For example, the percent-
age of errors across all subjects under placebo
conditions ranged from 2% to 12% and 0% to
5% in the acquisition and performance com-
ponents, respectively.

In the acquisition component, the 15 and 30
mg/70 kg diazepam doses and the 0.375 and
0.75 mg/70 kg triazolam doses generally in-
creased errors above control levels for 2 of 3
and 3 of 4 subjects, respectively. The 15 mg/
70 kg diazepam dose generally had no effects
on Subject CG, and for Subject MT only the
0.75 mg/70 kg dose of triazolam increased
errors. Onset of effect for both drugs in the
acquisition component was apparent 30 to 60
min postdrug, with peak effects observed be-
tween 60 and 120 min for diazepam and be-
tween 30 and 60 min for triazolam. In general,
the duration of these effects was dose depen-
dent, with the 30 mg/70 kg dose of diazepam
and the 0.75 mg/70 kg dose of triazolam ex-
erting a greater duration effect than the 15
mg/70 kg dose of diazepam and the 0.375 mg/
70 kg dose of triazolam.

In the performance component, overall per-
centage of errors was increased above control
levels by the 30 mg/70 kg diazepam dose and
by the 0.75 mg/70 kg triazolam dose. The
0.375 mg/70 kg triazolam dose increased the
percentage of errors somewhat for Subjects DN
and JN. In the performance component, onset
of diazepam's effects was generally later than
was seen in the acquisition component, whereas
the onset of triazolam's effects in the perfor-
mance component was comparable with that
obtained in the acquisition component. Effects
of both drugs in the performance component
were generally shorter than in the acquisition
component.
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Within-Session Distribution of Observing
Responses and Percentage of Errors
The relationship between errors and ob-

serving responses can be discerned in Figure
9, which displays the cumulative number of
observing responses and errors made by 2 sub-
jects (1 each from each drug group) plotted as
a function of trials within a session from both
the acquisition and performance components.
Overall, the cumulative observing responses
and errors paralleled each other in the acqui-
sition component; that is, as diazepam and
triazolam increased errors there was a corre-
sponding increase in observing responses. In
the performance component, the highest dose
of diazepam slightly increased the number of
errors without increasing observing responses.
This is shown even more dramatically at the
0.75 mg/70 kg triazolam dose, which produced
more errors than diazepam in the performance
component and a comparable number of errors
to that obtained with that same dose in the
acquisition component, but still without any
increase in observing responses.

Overall Response Rate
Effects of diazepam and triazolam on re-

sponse rate are shown for individual subjects
in Figure 10. During placebo administration,
responding generally was stable and ranged
between 40 to 140 and 80 to 260 responses
per minute in the acquisition and performance
components, respectively, across subjects (Fig-
ure 10).

In the acquisition component, the 30 mg/
70 kg dose of diazepam and the 0.05 mg/70
kg triazolam dose generally produced de-
creases in response rate for 2 of 3 and 4 of 4
subjects, respectively. The onset of drug effects
usually occurred between 60 and 90 min post-
drug for diazepam and 30 min postdrug for
triazolam. For Subjects GA and CG, the rate-
decreasing effects of 30 mg/70 kg diazepam
returned to control levels by 120 min, whereas
the rate-decreasing effects of the 0.75 mg/70
kg dose showed no evidence of dissipation.
In the performance component, the 30 mg/

70 kg dose of diazepam and the 0.75 mg/70
kg dose of triazolam decreased response rates
for 1 of 3 and 3 of 4 subjects, respectively.
Diazepam at 30 mg/70 kg decreased response
rates between 60 and 90 min postdrug for Sub-
ject GA. The effects of triazolam at 0.75 mg/

70 kg began between 30 and 60 min postdrug
and continued to suppress rates throughout the
2-hr period.

DISCUSSION
The results of this experiment merit three

observations. First, for some subjects, diaze-
pam and triazolam increased errors in the ac-
quisition component at doses that had no effect
on responding in the performance component.
Individual differences in the occurrence of se-
lective drug effects are consistent with prior
research on humans (Higgins et al., 1987).
These selective drug effects replicate previous
research on the repeated acquisition of re-
sponse sequences with benzodiazepines, and
extend that finding to a novel repeated acqui-
sition and performance baseline involving an
observing response (Bickel et al., 1990; Des-
jardins et al., 1982; Higgins et al., 1987;
Thompson, 1973).

Second, selective drug effects occurred with-
out the occurrence of observing responses in
the performance component. Thus, in the per-
formance component, the response-dependent
stimulus presentations did not render behavior
insensitive to selective drug effects because those
stimuli were not present when selective drug
effects were obtained. In fact, these findings
may suggest that the stimuli dependent on ob-
serving responses generally were unrelated to
the percentage of errors in the performance
component. These results are consistent with
previous research demonstrating that removal
of these stimuli after the acquisition of a se-
quence (i.e., performance) did not affect the
percentage of errors (Deitz et al., 1987; Straub
et al., 1979).

Third, as shown by the cumulative plots,
errors and observing responses were correlated
in the acquisition component at all triazolam
doses but were not correlated in the perfor-
mance component. This absence of observing
responses in the performance component was
evident even when a considerable number of
errors were made. Thus, the relationship be-
tween errors and observing responses appears
to be largely restricted to responding in the
acquisition component.
The absence of a relationship between er-

rors and observing responses in the perfor-
mance component appears somewhat incon-
sistent with the relationship between errors
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and observing responses seen in that compo-

nent in Experiment 2. In Experiment 2 im-
position of the largest error requirement in-
creased observing responses. Perhaps errors

produced via contingencies have different ef-
fects than errors produced via drug adminis-
tration. Future research will be necessary to
discern the relevant factors.

GENERAL DISCUSSION
The present experiments, by using an ob-

serving procedure, were designed to ascertain
the function, if any, of the response-produced
stimuli presented in a procedure involving the
repeated acquisition and performance of re-

sponse sequences. More specifically, we wanted
to find out whether those stimuli played a role
in the selective drug effects observed across the
acquisition and performance components. In
general, the observing contingency was suc-

cessful in identifying the conditions under
which observing was maintained; that is, the
results from the three experiments consistently
demonstrated that observing was maintained
in the acquisition component. In that com-

ponent, errors and observing responses were

well correlated. The results were inconsistent
concerning whether observing responses were

maintained in the performance component; that
is, the observing responses in the performance
component occurred to a limited extent when
a contingency for errors was imposed, but did
not occur in the presence of drug-induced er-

rors.

Our observation that errors are related to
observing responses in the acquisition com-

ponent is consistent with prior findings
(D'Amato, Etkin, & Fazzaro, 1968). In that
study, monkeys could observe stimuli required
for correct performance on multiple discrim-
inations (see Dinsmoor, 1983, for a discussion
of this study). During acquisition, the number
of observing responses increased as the per-
centage of correct responses increased and then
decreased when the percentage of correct re-

sponses reached asymptote. This is consistent
with our findings that observing responses in-
creased and then decreased during acquisition
of the response sequence. Moreover, D'Amato
et al. (1968) reported that reversal of the dis-
crimination or placement of the discrimination

in extinction increased observing behavior (see
also Premack & Collier, 1966). In the present
study, increases in errors in the acquisition
component via a contingency or drug admin-
istration increased observing. Considered to-
gether, this occurrence of observing responses
in the presence of errors suggests that a func-
tional relationship exists between errors and
observing in the acquisition component.

Interestingly, the use of an observing con-
tingency with the repeated acquisition of be-
havioral sequence procedure results in steady
states of transition for observing. Observing is
stable in that approximately the same number
of observing responses occur across sessions.
However, observing is in transition in that
observing responses as reflected in the cumu-
lative plots first increase and then decrease
within a session. These procedures may pro-
vide a useful experimental arrangement for the
study of observing behavior and conditioned
reinforcement because both increases and de-
creases in observing can be reliably obtained
and the variables responsible for that transi-
tion may then be subjected to an experimental
analysis.
The present results show that the response-

dependent stimulus presentations in the per-
formance component do not contribute to se-
lective drug effects because those stimuli were
not observed when selective drug effects oc-
curred. This finding, in conjunction with our
previous research, indicates that neither the
response-produced stimuli nor reinforcement-
and response-rate differences between the
components are the determinants of the selec-
tive drug effects (Bickel et al., 1989; Higgins,
Bickel, et al., 1989). Identifying the specific
mechanism that accounts for selective drug ef-
fects will require future studies examining
control exerted by other variables that may be
present (e.g., stimuli correlated with the mul-
tiple schedule), as well as error rates and pat-
terning.

Another consideration in accounting for the
selective drug effects across the two compo-
nents may be that responding in the perfor-
mance component functions as a unit, whereas
responding in the acquisition component rep-
resents the formation of a unit. Criteria pro-
posed for the identification of a behavioral unit
include that the unit (a) be reinforceable as if
it were a single response (Branch, 1977; Marr,
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1979), (b) have cohesiveness and integrity and
consequently not be susceptible to disruption
(Marr, 1979; cf. Schwartz, 1981), and (c) not
depend on exteroceptive stimuli for within-
unit responding (Kelleher, 1966; Marr, 1979).
Behavior in the performance component gen-
erally meets these criteria. First, behavior in
performance has been reinforced as a unit ac-
cording to an FR schedule of reinforcement
(second-order schedule) (Thompson &
Moerschbaecher, 1979). Second, behavior in
the performance component is more resistant
to disruption by drugs or programmed error
contingencies than is behavior in the acquisi-
tion component (e.g., Experiments 2 and 3 of
this study; Bickel et al., 1989; Higgins et al.,
1987; Higgins, Bickel, et al., 1989; Schwartz,
1981). Third, as shown in the present study,
behavior in the performance component does
not require exteroceptive stimuli for within-
unit responding.

Responding in the acquisition component,
in contrast, does not meet these criteria for a
behavioral unit. For example, responding in
the acquisition component is relatively sensi-
tive to the disruptive effects of drugs and other
events (e.g., Experiments 2 and 3). Perhaps
more importantly, responding in the acquisi-
tion component is dependent upon the brief
exteroceptive stimuli for within-unit respond-
ing (e.g., Experiment 1).

This behavioral-unit analysis suggests that
an established unit may be more difficult to
disrupt than a unit in development. Such an
interpretation may set the occasion for more
refined questions about the nature of the se-
lective drug effects and the differences between
schedule components. For example, when does
behavior in acquisition become a unit and
function as responding in the performance
component? Results from Experiment 2 sug-
gest that the cessation of errors is not sufficient
to indicate that responding in acquisition is
performance-like. In that experiment, the in-
troduction of an error requirement at a point
at which errors did not occur resulted in con-
siderably more observing responses in the ac-
quisition component than in the performance
component. Perhaps formation of the perfor-
mance unit proceeds through at least three
phases. In Phase 1, the sequence is acquired
(i.e., within-session error reduction occurs). In
this phase, responding begins to conform to
the contingencies. In Phase 2, errors have

ceased and yet responding is not fully perfor-
mance-like. Perhaps in this second phase, re-
sponding in acquisition represents a series of
conditional discriminations (e.g., Snodgrass &
McMillan, 1989). Phase 3 is the point at which
the behavior becomes fully performance-like;
that is, it functions as a single behavioral unit.

This phase analysis suggests that a detailed
characterization of the development of the re-
sponse sequence in the acquisition component
is needed. For example, drug effects typically
occur early in the session, suggesting that sen-
sitivity to drug effects differs in the develop-
ment of a sequence. Observing could be used
as a marker to show when behavior becomes
performance-like and, thus, may provide a
means to investigate drug effects during the
development of a behavioral unit.

Finally, several lines of evidence suggest the
applicability of our results to nonhumans. First,
in the present study, response-produced stim-
uli were not required to maintain accurate
responding in the performance component,
similar to prior results obtained with pigeons
(Straub et al., 1979). Second, the stimuli in
the acquisition component have been shown to
function as conditioned reinforcers for mon-
keys (Hursh, 1977), consistent with the pres-
ent findings. Third, drug effects on the re-
peated acquisition and performance of response
sequences in pigeons and monkeys are consis-
tent with findings in humans for a variety of
compounds (e.g., Barthalmus et al., 1978;
Bickel et al., 1989, 1990; Higgins et al., 1987,
1989; Higgins & Stitzer, 1990; Penetar, 1985;
Thompson, 1973; Thompson & Moersch-
baecher, 1979). Thus, the preponderance of
studies supports the generality of findings
across human and nonhuman responding un-
der repeated acquisition and performance
baselines and suggests that the findings from
the present study may be relevant to nonhu-
man responding under comparable baselines.
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