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Pigeons were trained to perform simultaneous, two-color matching to sample under a
multiple fixed-ratio fixed-interval schedule of food presentation. The sequence terminating
with a peck on the matching key (a “match™ was treated as a unit, analogous to a single key
peck in conventional schedules. Except for intermittent reinforcement of matches, no con-
sequent stimulus distinguished matches from mismatches (sequences terminating with
pecks on the nonmatching key). The pattern of matches during nondrug sessions re-
sembled that of simpler operants maintained by similar schedules. Matches increased in
rate toward the end of both components;, mismatch rates increased more slowly, Im-
ipramine increased the rate of mismatches, disrupted schedule patterning, and lowered ac-
curacy in a dose-dependent fashion. Chlorpromazine lowered the overall rate of matches
but affected schedule patterns and accuracy less than imipramine. The types of errors dur-
ing drug sessions were not systematically related to the types of errors that appeared dur-
ing nondrug sessions. Stimulus control was evaluated for each of the four possible color
configurations and was found to be by the entire configuration of colors, not simply by the
color of the sample. -
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Conditional-discrimination procedures are
commonly used to study complex stimulus
control, In this type of procedure the relation-
ship of a stimulus to reinforcement depends
upon the presence of another stimulus, Condi-
tional discriminations differ from simple ones
because in the latter the relationship between a
particular stimulus and the availability of rein-
forcement does not change.
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In matching-to-sample (MTS) procedures,
which constitute a subset of conditional-
discrimination procedures, the stimulus posi-
tively correlated with reinforcement, the S+,
is that which shares some feature with a sam-
ple stimulus. When pigeons are subjects, a
sample key can be illuminated, arid a response
on this key resulis in the illumination of two
side, or comparison, keys. A response on the
matching side key can then be reinforced un-
der some schedule (Cumming & Berryman,
1965).

Although matching to sample may be ar-
ranged procedurally, it does not follow that
behavior is under the control of a conditional
discrimination. A simple case in point is the
simuftaneous MTS procedure, in which the

‘sample remains lit while the comparison

stimuli are presented. The response on a par-
ticular side key may be under the control of the
sampile key, in which case the discrimination is
conditional, Alternatively, the entire config-
uration may form the discriminative stimulus
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and thus the discrimination is simple. Such
stimulus control could be detected by monitor-
ing accuracy for each configuration and noting
the patterns of errors that develop.

When whole MTS sequences are treated as
operants, schedule contingencies operate on
matches as they do on simpler operants. Both
scalloped and break-run patterns of matching
have been seen in fixed-interval schedules of
MTS (Boren & Gollub, 1972; Clark & Sher-
man, 1970; Nelson, 1978). Nelson showed
that interval schedules of matching to sample
end in a moderate intermatch time, as do in-
terval schedules of simple responses (Dews,
1969) When each match and each mismatch
is followed by a distinctive stimulus, accuracy
increases as the interval elapses (Boren &
Gollub, 1972; Clark ‘& Sherman, 1970); but
when such a stimulus is not used, an increase
in accuracy is not consistently found (Nelson,
1978).

Matching to samp]c as an operant placed

~under a schedule of reinforcement can provide

a useful baseline for evaluating drug-behavior

interactions, regardless of the nature of the
_ discrimination that ernerges, because with
such schedules, drug effects on both stimulus
control and response rate can be evaluated
simultancously. The effects of drugs on the

- rates of matches and mismatches can be com-

pared with their effects on simpler operants to
determine the extent to which maiches and
mismatches resemble simpler operants (cf.
Marr, 1979). The source of drug-induced
changes in stimulus control can be inves-
tigated by comparing the errors that occur
during drug and nondrug sessions, In addi-
tion, examination of the patterns of drug-
induced errors can provide clues about the
nature of stimulus control — that is, whether it
is simple or conditional.

. In the present experiment, chlorpromazine
and imipramine were chosen for investigation
because of their different effects on response
rate. Chlorpromazine usually suppresses over-
all fixed-interval response rate, whereas im-
ipramine increases fixed-interval rate in
pigeons (Seiden & Dykstra, 1977). The effects
of the two drugs on stimulus control are less
‘clear and appear to depend strongly on the

nature of the baseline used. Vaillant (1964)
compared these two drugs directly and
reported that chlorpromazine disrupted
stimulus control and lowered response rates,
whereas imipramine increased response rates
but left stimulus control intact. Thompson
(1973, 1976) provided data that suggest a dif-
ferent conclusion. Imipramine altered both
rate and accuracy during the repeated acquisi-
tion of a behavioral chain (Thompson, 1976),
but chlorpromazine altered rate alone (Thomp-
son, 197/3). Some studies have reported that
chlorpromazine disrupts differential control by
external stimuli (Laties, 1972; Laties & Weiss,
1966; Thomas, 1966; Vaillant, 1964; Wallcr,
1961; West, Hernandez, & Appel, 1982), but
othcrs report little or no effect of chlorpro-

‘mazine on stimulus control (Berryman, Jar-

vik, & Nevin, 1962; Dearing & Branch, 1981;
Leander, 1981‘a; Wiltz, Boren, Moersch—

_baecher, Creed, & Schrot, 1974). A pair of

studies by Thompson demonstrates the impor-
tance of the contingencies in these éffects. In
the repeated-acquisition procedure the pres- -
ence of differential effects of chlorpromazine
on total trial time and errors depended upon
whether chain (Thompson, 1973) or tandem
(Thompson, 1974) conditions were in effect.

In the present experiments the role of the
stimulus configuration in maintaining MTS
performance is examined. The effects of the
two drugs on schedule performance and ac-
curacy are evaluated at a global level, These
global effects are then examined in relation to
control response rates and finally with respect
to the specific configurations of key colors. It
will be shown that an adequate account of the
behavior that develops must include the in-
dividual configurations of key colors.

METHOD

Subjects

- Three male White Carneaux pigeons, P3,
P7, and P72, maintained at approximately
80% of their free-feeding weights, served as
subjects. These birds had served in previous
operant conditioning experiments, but none
had received drugs prior to this experiment.
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Apparatus

A Grason-Stadler Model E31255AA-300
animal chamber was used as the operant
chamber; it had three circular response keys
placed horizontally across one wall and
centered above the food magazine. A force of
about 0.15 N operated the center key. A force
of between 0.2 and 0.23 N operated the side
keys. These forces were checked and adjusted
weekly to ensure that they remained within the
specified range. The keys and projection
screen were cleaned weekly to remove ac-
cumulated white dust.

The keys were transilluminated by red or
green light from Grason-Stadler projection
units. The feeder was located below the mid-

dle key and was illuminated each time it was -

- activated. A 1,5-W houselight was mounted
behind a screen above and to the right of the
right response key. A layer of adhesive tape
wag placed over the screen to dim the house-
light. White noise was provided through a
speaker and by a ventilation fan located at the
back of the chamber. P ing and record-
ing of events were controlled by electrome-
chanical equipment located in the same room.

Traiming

The birds were first trained to peck each of

the three keys and then were exposed to a dis-
crete-trial, simultaneous, two-color (red and
green) M TS procedure. A trial began with the
noncontingent lighting of the center key with a
red or a green light. A probability generator,
set at .3, determined whether the center light
was red or green. A peck on the center key
transilluminated the side keys, one red and
one green. The probability of the red com-
parison key appearing on the right side was .5.
A peck on the lateral key that matched the
center key was followed hy 3-s access to mixed
grain. A peck on the other key produced a 10-s
blackout during which all chamber lights
darkened. After a 25-s intertrial interval (ITT),
_during which only the houselight was on, a
new trial began. Training continued in this
way until 85% accuracy occurred for at least 5
consccutive days. |
After this initial training, the contingencies
for P7 and P72 were abruptly changed to a

multiple fixed-ratio (FR) 3 fixed-interval {(FT)
10-s reinforcement schedule with a sequence
terminating with a matching response as the
reinforced unit of behavior; the whole se-
quence is designated a “match.” A sequence
terminating with a response on the nonmatch-
ing key is called a “mismatch.” Blackouts and
intertrial intervals no longer occurred. During
the FR 3 component, three small white circles
were superimposed horizontally on the sample
key and access to grain followed the third
match. During the FI 10-s component, a white
triangle was superimposed upon the sample
key and access to grain followed the first match
to occur after 10 3 elapsed. Whenever. the
overall accuracy during both components on
the preceding day exceeded 67 %, the schedule
was simultaneously changed toward a larger
FR and a longer FI. Early in training, the
length of the FI was adjusted to approximately
equal the time required to complete the FR,
The only stimulus change following matches
was the reinforcer presentation when the
schedule requirement was fulfilled or the next
trial; the only stimulus change following mis-
matches was the onset of the next trial.
Position preferences were initially elim-
inated using a correction procedure—a con-
figuration was presented repeatedly until a
match occurred. The correction procedure led
to switching between left and right keys,
behavior which produced a chance accuracy
level of 67%, so a “resetting” ratio was in-
troduced in which a mismatch reset the ratio
counter. The resetting ratio was effective in
eliminating key biases and improving ac-
curacy on both the interval and ratio com-
ponents. Eventually the reset feature of the
ratio schedule was removed.
~ The performance of P3 did not survive the
change to a multiple schedule so diserete-trial
training was reinstated. The IRIs and time-
outs were gradually reduced and thenan FR 2 -

-resetting schedule (with the three circles super-

imposed on the sample key) was begun. This
was increased to an FR 5 resetting ratio, and
when performance stabilized, an FI 10-3 sched-

- ule was introduced and the FI parameter was

gradually increased. At one point performance
deteriorated again, so discrete-trial training
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was reinstituted and was changed gradually to
the multiple schedule once again. Eventually a
multiple FR 20 FI 300-s schedule maintained
greater than 70% overall accuracy with no
correction procedure, blackouts, IRIs, or
resetting ratio,

Baseline and Drug Sessions

The FR schedules were adjusted so that
pause and run times were about equal for all
birds. As a result, two birds, P3 and P72, were
maintained on a multiple FR 20 FI 300-s
schedule of reinforcement, and one bird, P7,
was maintained on a multiple FR 10 FI 300-s
schedule. The operant was a simultancous
MTS response with no correction procedure
or blackouts imposed for mismatches. The only
consequence to follow matches or mismatches
was presentation of the next trial or access to
grain following some matches; the sequence
terminating with a peck on the matching key
- was thus treated as single-key pecks normally
are treated under FR and FI schedules. The
interval and ratio components alternated after
cach grain delivery.. The sessions terminated
- after 50 components and typically lasted about
3.5 hours. Sessions were conducted 5 days per

week. :
Imipramine was administered in increasing
- doses after accuracy during the ratio and in-
terval components, interval quarter-life, and
color or position bias showed no systematic
variation over 30 sessions. Imipramine hydro-
chloride was digsolved in a 0.9% saline solu-
tion such that one ml of solution per kg of body
weight could-be injected at all doses (0.56, 1,
3, 5.6, and 10 mg/kg, calculated as the salt).
At the highest dose, as much as an hour elapsed
after the beginning of the session before
responding began. The imipramine solution
was made up on the day it was used, and in-
Jjections were made into the breast muscle of
the pigeon 20 min before it was placed into the
chamber, Both .control and drug sessions
began 10 min after the bird was placed into the
chamber. After several injections of saline, im-
ipramine was administered in increasing and
then decreasing doses; then doses were ad-
ministered in an irregular order. Drug days
were Tuesday, Wednesday, or Thursday and

were always separated by at least 6 nondrug
days. Sessions immediately before drug days
served as control sessions.

Matches, mismatches, pause times, and run
times were recorded during the FR compo-
nent. Pause time was the time from the onset
of the ratioc component to completion of the
first match. Run time was the time from the
first match to the delivery of grain, During the
interval component the number of matches
and mismatches in each of ten 30-s segments
and the time required to complete the interval
were recorded. Further, accuracy on each of
the four color configurations was recorded.
That is, for each of two sample colors, the
matching stimulus could be on the left or the
right so there were four possible configurations
of stimuli for this procedure. These are desig-
nated as RRG (red left comparison key, red
sample, and green right comparison key),

.GRR, RGG, and GGR. All measures were

accumulated over the session so they represent
session averages.

After the imipramine data were collected, the -
experiment was discontinued for a few months.
When it was resumed, a brief training pro-
cedure was reinstituted but stable performance
quickly developed so baseline was then
reestablished and chlorpromazine sessions
began. The FR parameter was again adjusted
so the pause and run times were about equal
across subjects. Hence, Pigeons P3 and P7
were maintained on a multiple FR. 10 FI 300-s
schedule and P72 on a multiple FR 20 FI 300-s
schedule. Chlorpromazine hydrochloride was
dissolved in a2 0.9% saline solution on the day
of the session such that 1 ml of solution per kg
of bady weight conld be injected. Chlorpro-
mazine was injected intramuscularly 20 min
before placing the bird in the chamber and the
session began 10 min later. Drug days were
separated by at least 6 nondrug days. Control
sessions were the sessions immediately before
drug sessions. Doses of 1, 3, 5.6, 10, and 17
mg'kg {calculated as the salt) were injected in
ascending and descending doses.

'RESULTS
Quverall Effects :
Figure 1 shows cumulative records of the
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Fig. 1. Cumulative records of responding for control sessions and several imipramine sessions for Bird P7,
The response pen advanced for each march and deflected, without advancing, for each mismatch. The event pen
was up during the ratic component and down during the interval component, At the highest dose responding is
shown early in the sessions and later in the same sessions.

performance of P7 under. control conditions
and under several doses of imipramine. Re-
sponding during the FR component was char-
acterized by a pause followed by a high rate of
- responding, whereas that during the FI com-
ponent was characterized by a pause followed

be a moderate-to-high rate of responding.

Mismatches, which were never directly rein-
forced, usually occurred early in the ratio or

-interval, although they were occasionally

found at all points. It was not unusual to find
strings of 20 or more consecutive matches,
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Fig. 2. Cumulative records of responding for control sessions and several chlorpromazine sessions for Bird

P7. Markings as in Figure 1.

The major effects of imipramine on
response rate, accuracy, and response pattern
are evident in the cumulative records. Im-
ipramine removed the characteristic features
- of responding during both components in a
dose-dependent fashion. Mismatches became

evenly distributed through both the interval
and ratio components. The postreinforcernent
pause was diminished and responding ap-
- peared as a steady rate showing little differen-
tiatibn with respect to the schedule in effect or
to the multiple-schedule stimuli on the keys.
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Fig. 3. Rates of matches and mismatches during the fixed-interval component as functions of bin and dose of
imipramine. The top curve shows matches and the bottom curve shows mismarches. Striations fill in the area be-
tween the two curves. Bands of white on P3's graph denocte when the mismatch rate exceeded the match rate.

At the highest dose a very long pause was
followed by erratic, low-rate responding. Later
during this same session undifferentiated,
high-rate responding developed. These very
long pauses found early in the session were not
- included in calculations of rate or pausing for
the dose-response plot.

Chlorpramazine’s effects differed from those
of imipramine. Figure 2 shows cumulative
records of responding during control and chlor-
promazine sessions. Chlorpromazine decreased

“response rate but both accuracy and schedule
patterns remained comparatively -ntact at
most doses. Both the ratio and interval com-
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ponents began with pauses, and rate tended to
increase at the ends of the intervals. Long runs
of consecutive matches appeared at the highest
dose of chlorpromacine, a dose which substan-
-tially suppressed the rate of responding.
Figure 3 shows the rates of matches and

P3-

[Niu/dSBH]HIUH

BIN NUHBER

Fig. 4. Rates of matches and mismatches during the fixed- mterval component as functions of interval bin
and dose of chlorpromazine. Markings as in Figure 3.

mismatches through the fixed interval for each
dose of imipramine. For two birds, P7 and
P72, the rate of matches during control ses-

-sions increased steeply toward the end of the

interval while the rate of mismatches did not.
Pigeon P72 showed a slight decrease in. the
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Fig. 5." Overall rates of matches and mismatches (misses) during the fixed-interval component for control,
saline, imipramine, and chlorpromazine sessions. Each point represents a single session; the curve is drawn
through the mean at cach dose. Note that the scales on the ordinate are different for matches and mismatches.

rate of mismatches at the end of the interval.
The high rate of matches late in the interval
decreased, whereas the low rate of matches and
mismatches early in the interval increased. At
10 mg/kg all traces of temporal patterning dis-
appeared, but for 2 birds the match rate con-
tinued to slightly exceed the mismatch rate.

Figure 4 shows the distributions of matches
and mismatches throughout the interval for
each dose of chlorpromazine. Although the
drug produced a slight rate increase eardy in
the interval and a profound rate decrease late
in the interval, both interval patterning and
accuracy remained relatively intact. That is,
there was a small increase in rate through the
interval and match rate exceeded mismatch
rate for 2 of the 3 birds. '

Figure 5 shows that increasing doses of im-
_ipramine increased the overall rate of mis-
matches during the FI component. The mean

of the overall rate of matches was relatively
unaffected by imipramine for two birds, al-
though the data for P72 are quite variable, In-
creasing doses of chlorpromazine decreased
the rate of matches and had little effect on
mismmatches, an effect directly opposite to that
of imipramine., L

Figure 6 confirms the imipramine-induced
decreases in ratio pause time that were ap-
parent in the cumulative records. Chlor-
promazine substantially reduced pause time at
the low doses but the function is U shaped;
pause time returned to or exceeded control
values at the highest dose. Imipramine in-
creased run time during the ratio in a dose-
dependent’ fashion. Chlorpromazine’s effects
on run time were inconsistent: Clear increases

-are evident for P7 but not for P3 and P72,

Run time for P3 was lower than control values
at the highest dose.
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Fig. 6. Ratio pause and run time for saline, imipramine, and chlorpromazine sessions, Numbers are
prcsented when the value exceeds the maximum ordinate value. Each entry represents a percentage of the control

session on the previous day.

Rate-Dependency Analysis
That imipramine raised the low rate of
mismatches suggests that response rate is im-
portant and that the type of response—maich
or mismatch—modulates the relationship be-
tween rate and drug effects. Therefore, an
analysis of the relationship of control rate to
drug rate of responding was performed, while
taking into account the two different types of
response available. The analysis was per-
formed in two steps for each bird. A multiple
regression was performed on the data for a
bird at all doses of a single drug. The main
reason for including all doses is that it reduces
the number of F ratios calculated and therefore
the number of spuriously significant ones. The
“overall test was performed using BMDPIR
(Dixon & Brown, 1979). A regression was first

performed using responsc ratc under the drug .

_ as the dependent variable and dose and control
response rates as the independent variables.

The analysis was then I‘epeated with dose,
response rate, and response type (match or
mismatch) as independent variables. The re-
gression sum of squares due to this latter
analysis was compared with that of the pre-
vious anakyms to determine whether a signifi-
cant increase in the variance accounted for oc-
curred when a term for response type was in-
cluded. -

If the overall test was significant (at
p € .05), then a series of tests was performed
‘to determine at what doses the differences oc-
curred and whether the difference was in the
slope or in the intercept of the curve. This se-

quence does not partition sums of squares as

formal post-hoc tests do, but.the use of the
overall test prior to the individual tests should
reduce spurious errors. The second stage was
performed using a method described by Ker-
linger and Pedhazur (1973). To test for the dif-
ference in slopes it was determined whether
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Fig. 7. Scatter plots of interval response rates for Bird P72 during drug sessions and control sessions. The

fixed interval was divided into ten 30-s bins. The ordinate represents response rates during each of these bins dur-
ing control sessions and the abscissa represents rates from the same bins during drug sessions. The equation of
the least-squares regression line is indicated on each plot. Filled squares and the solid line show matches; unfilled
squares and the dashes show mismatches. The intercepts are signicantly different at 10 mg/kg. The equations

were calculated from the log of the rates.

a4 regression using separate slopes for each
response type produced a significantly larger
regression sum of squares than using a com-
mon slope. If it was found that the slopes were
the same, then the common slope was used to
compare the effect of having two regression
lines and different intercepts with a single
pooled regression line and one intercept.
Figure 7 contains sample scatter plots of
drug versus control rates of responding during
cach of ten 30-5 segnents of the fixed interval.
These data represent one bird’s performances
at the highest and lowest dose of each drug.
Separate regression lines were computed for
matches and mismatches. One scatter plot
contains two regression lines that were deter-

mined to be significantly different (10 mg/kg of
imipramine); the other three plots contain
regression lines that did not differ statistically.
The figure reveals the nature of the cffccts of
the two drugs on matches and mismatches.
The regression lines for matches and mis-
matches were quite similar, The pair of lines
that differed statistically (10 mg/kg of im-
ipramine) are only slightly different: The in-
tercepts for matches and mismatches are, re-
spectively, 10 and 6.9 responses per minute
in this plot. It is also apparent from Figure 7
that the variability in the scatter is greatest at
low response rates at low doses. The low con-
trol response rates correspond-to early seg-
ments of the fixed interval and probably repre-
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the parameter for matches was significantly different (» < .05) from mismatches {misses).

sent the differences in the onset of the respond-
-ing during the interval (Branch & Gollub,
1974). The cumulative records {Figures 1 and
2) support this interpretation; they reveal a
pattern of pausing for a variable length of time
- and then responding at a constant rate. The
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-highest dose of imipramine produced a con-
stant rate of responding (the slope was close to
zero) through the interval, but a graded in-
crease in response rate (represented by a

" positive slope) is still evident at the highest

dose of chlorpromazme
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The similarity of matches and mismatches
was replicated in the other two birds (Figure
8). The most striking feature of Figures 7 and
8 is the similarity between matches and mis-
matches. Where differences do appear, they
are small.

The effects of the two drugs on the regres-
sion parameters differed. Imipramine reduced
the slopes of the regression lines to zero, in-
dicating that response rate during the interval
component was constant after imipramine (cf.
Figures 1 and 3). Chlorpromazine, however,
had a less substantial effect on slope for the two
birds: The dose-effect function was more
shallow and the slope at the highest dose was
still positive, indicating that some temporal
patterning in responding remained after all

. doses of chlorpromazine (ef. Figures 2 and 4).
The two drugs also had different effects on the
intercepts: They were higher for imipramine

than for chlorpromazine. The higher inter- -

. cepts obtained from imipramine appear to cor-
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- Fig. 9. Accuracy accompanying each configura-
tion during the first 270 5 of the interval, during the
last 30 5 of the interval, and when a single additional
match was required for reinforcement from either
schedule. The letters describing the configurations
refer to the color on the left comparison key, the sam-
ple key, and the right comparison key. For-example,
RRG refers to a red sample and left comparison key
and a green right comparison key. Error bars represent
two standard errors taken across sessions. All data
came from control sessions,

respond to the rate increases produced by this
drug. Rate decreases, such as those obtained
from chlorpromazine, cannot be read directly
from Figure 8 because overall rate is a com-
plex function of the slope and intercept of the
rate-dependency function represented.

Stemulus Control of Matcking to Sample

In order to specify the sources of errors,
matches and mismatches were recorded for
each of the four possihle configurations of
stimuli. Figure 9 shows accuracy supported by
each configuration for the first 270 s of the in-
terval, the last 30 s of the interval, and when
the ratio and interval schedules required only
one match before reinforcement. The data

-from P7 and P72 demonstrate that the errors

appearing carly in the interval were mainly
restricted to one or two configurations, and
that there was more session-to-session varia-
tion in accuracy reported hy these configura-
tions than in the accuracy on the other con-
figurations. The improvement in overall ac-
curacy in the terminal response reflected a
change on a single configuration—RGG for
P7 and RRG for P72. -

Figure 10 shows drug-induced changes in
accuracy on each configuration. Most of the
errors produced by P72 under control condi-
tions occurred on a single configuration,
GGR, and the variability in accuracy on this
configuration was greater than that for the
other three configurations. In P7s case, two
configurations (RRG and GGR) consistently
exerted precise control over responding under
nondrug conditions whereas two others (GGR
and RRG) were less consistent and supported
mere mismatches. Control performance for P3
was virtually unbiased and each configuration
maintained approximately the same levels of
accuracy. .

Both drugs produced biased performance in
P3. Imipramine consistently produced a right
position bias, performance that could be
described as stereotypic sequential responding
on the center and right key. Chlorpromazine
produced a left position bias for this bird, but
note that one configuration; RGG, maintained
a substantial level of right-key responding
(matches). .
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Table 1
Qverali Accuracy and Bias for Each Pigeon During Control, Saline, and Drug Sessions’
Pigeon P3 Figeon P7 Pigeon P72
Dose Red Lefi  Red Lefi  Red
Dryg  (mg'ks) Accuracy  Bigs Bias  Acouracy  Bias Bias  Accuracy  Bias Bias
Control® - 71 43 51 75 60 68 80 41 57
(range} 67-77 28-33  42-63 71-84 50-70  53-78 72-86 37-45  46-67
Saline - o 39 46 77 65 69 78 41 35
Imip 1 67 32 47 73 36 68 78 39 61
Imip 3 56 13 37 - 62 30 72 62 65 83
Imip b 49 1 45 62 % 84
Imip 10 49 4 45 a5 72 76 64 66 89
Control? - 74 51 51 77 62 53 79 37 55
(range} 67-82 40-62  38-60 71-83 5478  353-70 73-82 30-43  46-62
Saline — 70 36 47 77 70 65 78 41 55
Cpz 1 60 77 46 75 62 61 72. 32 61
Cpz 3 56 78 38 68 69 57 72 - 96 53
-Gpz 5.6 55 83 33 66 7 60 70 54 59
Cpz - 10 54 89 40 69 69 62 68 56 43
Cpz 17 52 86 41 69 a7 56 66 58 37

Al values are expressed as percentages, A red bias of 100% represents exclusive responding on the red comparison key,

50% represents equal responding on both red and green comparison keys, and 0% represents exclusive responding on the

green comparison key.

“The session on the day preceding the administration of a drug or vehicle is the control session.

The drug effects for P7 and P72 cannot be
described simply in terms of position bias
because they were configuration-specific: For
example, in Table 1 it appears that in P7 im-
ipramine simultaneously produced a red color
bias and a left position bias. Figure 10 clarifies
this perplexing result. Two configurations
(GRR and GGR) maintained nearly chance
performance at the highest dose, a substantial
drop in accuracy fur GRR, whereas configura-
tions RRG and GGR maintained high and
low levels of accuracy, respectively, A pattern
can be described as follow: When the left and
right comparison keys were red and green, re-
spectively, the response occurred on the left
key; but when they were green and red, the
response occurred on either key. If this
describes the source of stimulus control under
imipramine, then the sample key was irrele-
vant to this performance.

- Imipramine’s effect on P72s performance
appears in Table 1 as a red color bias but
Figure 10 suggests that this effect, too, is more
complicated; once again, no simple rule
describes the performance. One configuration,

RGG, was affected substantially;- two con-
figurations, GGR and GRR, were unaffected,

Chlorpromazine "reduced overall accuracy
for P72 by reducing accuracy on two con-
figurations, GRR and RG{, whereas the
other two configurations were unaffected.
Chlorpromazine disrupted control by con-
figuration RGG for P7 but the effects on the
other configurations were less ~consistent.
The rather mild effect of chlorpromazine on
accuracy at moderate doses, apparent in Table
1, belies substantial alterations in the struc-
ture of performance, particularly in the case of
P7.

In general, no specific rule describes the
drug effects. A clear position bias did not
emerge, except for P3 under imipramine.
Configurations supporting low accuracy were
not specifically affected, preexisting biases
were not exacerbated, and no sample-specific
biases appeared. It is interesting that under
imipramine, the sample key may have been ir-
relevant to P7’s performance, Overall, the of-
fects of the. two drugs were idiosyncratic with
respect to the subject and to the configuration.
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DISCUSSION

Schedule Patterns

Both the rates and patterns of matches dur-
ing the ratio and interval components resem-
ble those produced by FR and FI schedules of
simpler response units (Ferster & Skinner,
1957). The one exception is that the pausec
times during the ratio component resemble
those found in much larger ratio schedules
(Ferster & Skinner, 1957). The similarity of
the FR 20 of matching to sample to larger
ratios is further supported by imipramine’s
_ reduction of pause time, Weiss and Gott
(1972) reported that imipramine increased
pause time in an FR-30 schedule of key peck-

ing, but Marr and Bradford (1977) reported a

~ decrease in the long pauses produced by an
FR-500 schedule. In the present experiment,
long pause times were decreased by imipra-
mine. '

Imipramine’s other effects on response rate

also resemble its effect on simpler response
units, The high rates of responding in the ratio
component and at the end of the intervat com-
ponent were reduced while interval response
rates at other points in the interval increased
(Weiss & Gott, 1972), Chlorprormazine reduced
response rates during the ratio and interval
schedules and decreased pause time at the
lower doses as it does with schedules con-
tingent upon simple key pecking (Leander,
1981a; Leander & McMillan, 1974).

Ratz Dependency -

An inverse relationship between control and
drug response rates is a behavioral effect of
many drugs (Sanger & Blackman, 1976). The
interpretation of this finding is an issue of
debate (Gonzalez & Byrd, 1977; Ksir, 1981;
McKearney, 1981), but the plots of drug rate
versus control rate remain a useful way of
presenting data.

In the present experiment, the re]atlonshlp

between drug rates and control rates was in-

* vestigated in order to evaluate the differential
effects of the drugs on matches and mis-

matches. This was accomplished by regressing

~ drug rate on control rate both with and
without a second term for- response type

(match or mismatch), and comparing the
resulting sums of squares.

In only a few isolated incidents was im-
ipramine’s reduction of the regression slope
modulated by the response type. The intercept
of the regression was sometimes higher for
matches than for mismatches, but this effect
was small and inconsistent when compared
across doses. The clearest case appears in
Figure 7 (Bird P72, 10 mg/kg). The incon-
sistency of imipramine’s differential effect on
matches and mismatches suggests that it may
be either spurious or the result of drug effects
occurring at a different level. The overall im-
pression is that matches and mismatches were
not differentially affected by imiprarmine,

Chlorpromazine’s effects also were not dif-
ferential with respect to the type of response;
indeed, ¢hlorpromazine’s effect appeared com-
pletely rate-dependent at this level (cf.
Leander, 1981b). Both the slope and intercept
of matches and mismatches were virtually the
same at each dose of chlorpromazine. That the
effect of this drug on rate was identical for
matches and mismatches suggests that chlor-
promazine affected response rate only.

Matching as a Response Unit

TUnder the contingencies used, mismatches
never immediately preceded reinforcement
but matches sometimes did; therefore, two re-
sponse classes (matches and mismatches) could
be defined. If this procedural distinction is
reflected in behavior, then patterns of matches
and drug effects on matches should resemble
patterns and effects of simpler response units
(cf. Marr, 1979). During control sessions,
matches were quite distinct from mismatches
and the pattern of matches more closely
followed the expected schedule patterns than

"did the pattern of mismatches. Mismatches

typically occurred on specific configurations in -
early portions of schedules, and they did not

increase substantially in rate through the inter- -
val. By contrast,
developed through the interval. For two birds,
this increase was configuration-specific: Early
in the interval two configurations maintained
low and highly variable levels of accuracy, and
accuracy on at least one of these configurations

an increase in matches -
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increased through the interval, These data
correspond to those reported by others, in-
dicating that matching to sample, when placed
under various reinforcement contingencies,
follows schedule-typical patterns (Boren &
Gollub, 1972; Clark & Sherman, 1970;
Mintz, Mourer, & Weinberg, 1966; Nelson,
1978).

The picture presented by the analysis of
stimulus control maintained by each con-
figuration does not contradict the conclusion
that matches and mismatches constitute dif-
ferent response units, but rather suggests a
way in which the operant was structured
under the contingencies employed. A simple
discrimination emerged and discriminative
control over behavior varied at different points

_in the interval and ratio schedules.

sponding, imipramine lowered overall ac-

The drug effects offer a more complex pic-
ture of the response unit in this procedure. At

the level of overall rates it appeared that the .
~ two drugs differentially affected matches and

mismatches: Imipramine increased mismatches
and chlorpromazine decreased matches. How-
cver, the rate-dependency analysis provided a
plausible alternative -interpretation that
although two distinct response units emerged
during nondrug sessions, the effect of the
drugs on both units depended only upon their
baseline response rates. ,

The rate-dependency account is compli-
cated by the fact that the drug effects depended
upon the configuration present. With some
configurations the response unit may have
been altered by the drug. An extreme example
of shifting response units can be seen in im-
ipramine’s effect on the behavior of P3 where a
pronounced position bias emerged; at the
highest dose the response unit changed to one
of alternately responding on the sample and
right comparison keys. Thus, the rate-depen-
dency analysis must be qualified insofar as it
assumes that the response unit remains the
same after drug exposure,

“Drug Effects on Schedule Patterns and on

Stemulus Control :
At doses that also altered the rate of re-

curacy and eliminated the differences in the
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pattern of behavior maintained by the two
schedules, At this level of analysis, then, the
relative effects of imipramine on rate and on
stimulus control cannot be disentangled, and
in this respect the result corresponds with im-
ipramine’s effect on behavioral chains (Thomp-
son, 1976) but not with that on a concurrent
(mixed FR 30 EXT, mixed EXT FR 30)
schedule (Vaillant, 1964). When the stimulus
configuration is considered, this conclusion is
altered only in that imipramine’s disruption of
stimulus control did not occur on all con-
figurations. It is unclear what modulated this
effect, but preexisting biases and sample-
specific biases were ruled out. It was also not
the case that only low levels of accuracy (poor

. stimulus control) were - affected. Lanson,

Eckerman, and Berryman (1979) also demon-
strated, with pentobarbital, that drug-induced
changes in accuracy were unrelated to preex-
isting biases or accuracy.

The present experiment can help clarify the
conflicting literature on the effects of chlor-
promazine on stimulus control. Some investi-
gators (e.g., Larties, 1972; Laries & Weiss,
1966; Vaillant, 1964) have reported disrup-
tions in stitnulus control, but the present
results and others report little effect (Berryman
et al., 1962; Dearing & Branch, 1981;
Leander, 1981b; Wiltz et al., 1974). Rate and
stimulus control might be disentangled when
more than two keys are used. Berryman et al.
(1962) reported that chlorpromazine induced
only a small and inconsistent decrement in the
accuracy of discrete-trial, sirnultaneous match-
ing to sample. Dearing and Branch (1981) in-
vestigated chlorpromazine’s effect on respond-
ing maintained by food or by the presentation
of a stimulus correlated with the schedule of
food-reinforced responding, and found that
chlorpromazine did not reduce the differences
in response patterns produced by their pro-
cedures. Laties’ (1972) fixed-consecutive-
number procedure also used two keys and

‘revealed no cffect of chlorpromazine on

stimulus control at doses below 27 mg/kg.
Wiltz et al. (1974) showed that chlorpro-
mazine lowered the rate of responding to an
S+ . but had no effect on responding in the
presence of an 8§ — when the S — maintained
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no responding during control conditions.
Chlorpromazine altered the speed of respond-
ing but not the differential allocation of
responses, and so appears to have had no ef-
fect on stimmulus control. This result also con-
firms that chlorpromazine-induced increases
in rate during extinction require a nonzero
rate of baseline responding (cf. Terrace,
1963).

The fixed-interval pattern was largely unaf-
fected by chlorpromazine in the present ex-
periment at doses that lowered response rate.
The literature is less ambiguous about this ef-
fect. Waller (1961) demonstrated that chronic
chlorpromazine did not alter in dogs the ten-
dency of responding to occur late in the inter-

val, and Byrd (1974) reported a similar finding -

. with chimpanzees. Marr (1970, 1979) re-
ported that when an FI schedule was the com-
ponent in a second-order schedule, chlorpro-
mazine enhanced the fixed-interval pattern
produced by pigeons when control response
rates were low. A direct comparison can be
made with reports by Leander (1981a) and
‘Leander and McMillan (1974), who investi-
gated the effects of chlorpromazine on pigeons’
performance on a multiple FR FI schedule.
Chlorpromazine produced a decrease in re-
sponse rate and a slight decrease in quarter-
life, but the distinction between the FR and
t_he FI schedule remained intact.’

Stimulus Control in Matching-to-Sample Procedures
- There are three ways in which the condi-
tional-discrimination procedure may control
behavior (Carter & Werner, 1978). Control
may be by the abstract stimulus dimension of
a concept of matching, by the color on the
sample key, or by the configuration of keys
presented. Substantial evidence has accumu-
lated to show that pigeons’ behavior can come
under the control of the sample key (e,g.,
Carter & Werner, 1978; Wright & Sands,

1981). Whetheér or not the behavior of non-

~ humans can come under the control of an ab-
stract dimension of matching remains unclear;
evidence has been offered that it can under
certain circumstances (Honig, 1963; Premack,.
1978; Zentall, Edwards, Moore, & Hogan,
1981), but a careful analysis of stimulus control

in conditional-discrimination procedures sug-
gests otherwise (Sidman, Rauzin, Lazar,*
Cunningham, Tailby, & Carrigan, 1982).

The present experiment provides evidence
that under certain circumstances the match-
ing-to-sample procedure supports behavior
that is neither matching nor a conditional
discrirnination. The analysis of stimulus con-
trol for each configuration demonstrates that
under both drug and nondrug conditions each
configuration supported its own pattern of
responding. Such stimulus control would not
have been evident if overall accuracy and bias,
rather than accuracy for each configuration,
had been reported. Matching to sample de-
scribes the procedure used but not the behav-
ior that emerged. :

The finding that the stimulus configuration
is the controlling stimulus is important
because it specifies at least one set of condi-
tions under which conditional discriminations
in behavior are only apparent— the two-color,
simultaneous matching-to-sample procedure.
The acquisition of a conditional discrimination
is not automatic and cannot be assumed. It re-
mains to delineate the conditions under which
simple and conditional discriminations emerge,
but some relevant variables appear to be the
size of the pool of sample stimuli (Wright &
Sands, 1981), explicit sample-specific training
(Cohen, Brady, & Lowry, 1981; Urcuioli &
Honig, 1980), explicit discrimination training
prior to conditional-discrimination training
(Carter & Eckerman, 1975) or testing (Honig,
1965), and the species used (Sidman et al.,
1982). Finally, the delay between the sample
and the comparison stimuli may. affect the
nature of the discrimination that occurs. In the
simultaneous matching-to-sample procedure,
as used in the present experiment, simple

" configuration-specific discriminations may be

more likely to appear simply because all three
stimuli are present when the response is made.
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