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The problem. 1In concurrent schedules of reinforce-
ment, the use of a changeover delay has been assumed to
be necessary in order to reduce superstitious alternation,
separate the components in time, and thus insure inde-
pendence between components. The purpose of this study
was to look at responding between changeovers and to see
whether superstitious alternation does indeed occur.

Procedure. During daily sessions, four male rats
were exposed to a concurrent variable-interval schedule on
which changeover delays of different values were superim-
posed. Food-lever responses intervening between change-
overs and changeover responses were measured and recorded.

Findings. When a changeover delay was used, total
changeover responses decreased, and number of interchange-
over responses and overall responding increased. This
effect was found to be more pronounced with higher
changeover delay values. A high percentage of changeover
responses occurring without an intervening food-lever
response was observed, especially when a changeover delay
was introduced.

Conclusions. No evidence of superstitiocus alterna-
tion was found. Therefore, it was concluded that the use
of a changeover delay to eliminate such a pattern was not
justified. The increase in interchangeover responses and
percentage of changeover responding was argued to be due to
the possible discriminative stimulus and conditioned rein-
forcing function of the changeover delay.

Recommendations. It was suggested that further atten-
tion be paid to the role and effect of the changeover delay,
especially in terms of simple alternation, a pattern Fhat
seems to be more dominant than superstitious alternation.
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CHAPTER I
INTRODUCTION AND REVIEW OF THE LITERATURE

In continuous choice procedures (called concurrent
schedules) two or more alternative schedules of reinforce-
ment are simultaneously available and the animal continu-
ally chooses between responding to one alternative or the
other. Two different methods of programming concurrent
variable-interval schedules (conc VI VI) have generally
been used. One of these uses two operanda each associated
with a different schedule and exteroceptive stimulus. The
schedules are independently programmed such that responses
on one operandum have no effect on reinforcers programmed
for the second operandum (Catania, 1962). The switching
from one lever to the other by the organism is called a
changeover (CO) response. Another method of programming
concurrent schedules uses a single operandum, whereby only
a single schedule is assigned to it at one time, and a
second operandum, or CO lever, determines which schedule
and stimulus associated with it is in effect at the time.
In both cases, the schedules operate simultaneously, and
assign reinforcers independently. The two methods for
arranging concurrent schedules are assumed to be function-
ally equivalent (Pliskoff, 1971).

Responding on these schedules may be characterized

by a high rate of switching or alternating from one
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schedule to the other. Catania (1962) has argued that this
alternation may be due to the fact that in concurrent
schedules, a response on one schedule is sometimes followed
by a reinforced response on the second schedule. This
strengthens not only the response on the second schedule,
but also the preceding response on the first schedule,

and the behavior of switching from schedule to schedule.
Another effect of concurrent schedules seems to be that
matching, or correspondence between relative rate of
responding and relative rate of reinforcement for each
component, does not usually occur under these conditions
(Herrnstein, 1961). To make the behavior of cone schedule
independent of reinforcers delivered on a second schedule,
changeover delays (COD} are often used. The COD sgpecifies
the minimum time interval that must elapse between a CO

and a reinforced response. The introduction of a change-
over delay assures independence between the schedules,
reduces the number of alternations between the schedules
and produces matching (Herrnstein, 1961).

In the last twenty years, the COD and its effects on
concurrent performance have been widely investigated.
Catania (1962) found that when a COD was introduced,
concurrent interval performance in pigeons was more‘
similar to that which is observed when interval schedules
are programmed separately than when a COD was not used.

Catania and Cutts (1963) extended these results to



concurrent performance in humans, finding that concurrent
superstitions were reduced or eliminated when a COD was
used. Silberberg and Fantino (1970), using COD values of
0.875 sec, 1.75 sec and 3.5 sec, showed that Herrnstein's
(1961) conclusion that matching is only obtained when a
COD is used, was found to be true with several COD values.
They also found that response rates during the COD were
higher than post COD rates, and that the matching relation
holds despite the fact that neither responding during the
COD nor after the COD, taken in isolation, matched the
relative rate of reinforcgment. Pliskoff (1971) examined
the dependence of changeover responses on an immediate
consequence, the COD. He found that as the COD increased,
not only did CO responses decrease, but food responses
per CO increased, thus suggesting that the COD function-
ally punishes CO responding. Allison and Lloyd (1971)
looked at the effects of gradual and abrupt changes in COD
value on the degree of correspondence between relative
reinforcement rate and relative performance measures in
pigeons. Their results suggest that a more gradual
increase in COD value does help maintain a greater degree
of correspondence between the scheduled and actual rela-
tive rate of reinforcement. However the effectiveness of
a gradual increase in COD duration is limited by the

interaction of the COD with the concurrent schedules of

reinforcement.



Using symmetrical (i.e., same COR value for each
component) and asymmetrical (i.e., different COR value for
each component) changeover ratio (COR) reguirements
instead of a COD, White (1979) found that an increase in
one or both COR requirements produces a decrease in CO
rate and an increase in local response rates, an effect
analogous to that of the COD (Pliskoff, 1971). However,
if only one COR is increased, the extra time and responses
are allocated more to the schedule with the larger
switching-into COR. White argued that this is not the
result of changes in local reinforcement rate but due to
the COR acting as an aversive stimulus affecting the be-
havior which precedes the CO response. Pliskoff and
Fetterman (1981l) investigated a one, two and four fixed
ratio (FR) CO reguirement on concurrent variable two and
six-minute schedules, and its effects on both time and
response data. It was found that the time data over-
matched (i.e., behavior measure is more extreme than
relative reinforcement rate) when a FR-4 CO was used, and
undermatched (i.e., behavior measure 1is less extreme)
when either a FR-2 CO or a FR-1 CO was used. Response
rates overmatched with a FR-4 CO and a FR-2 CO and under-
matched when a FR-1 CO was required. It was concluded
that matching is basically a function of experimental

variables.

Using COD values of fixed or varied duration,
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van Haaren (1981) found that response rates during COD's of
fixed duration were higher than post-COD rates, confirming
Silberberg and Fantino's (1970) results, but that differ-
ences in COD and post-COD rates were greatly reduced when
a variable COD was used. He argued that a COD of fixed
duration could best be described as a:

subjegt controlled stimulus change
superimposed on a conc VI VI baseline
schedule of reinforcement having a
conditioned reinforcing effect for the
b;havior preceding it and a discrimina-
tive stimulus function for responding
in the presence of and following the
stimulus change. (p. 430)

The following study attempted to analyze the need for
and function of the COD in concurrent schedules. The COD
has been assumed to be needed in order to reduce rapid or
superstitious alternation and increase sensitivity to
schedule changes. However, this alternation has not been
systematically documented. Thus, number of responses
between COs was measured in a concurrent schedule with
equal variable-interval components to: (1) see whether
superstitious alternation actually does occur, and (2)

investigate the effects of a COD on the pattern of re-

sponding between changeovers.



CHAPTER II
METHOD

Subjects

Four male albino rats approximately three months old
were maintained at 80% of their free~-feeding weight
throughout the duration of this study. Housing was in

individual cages with free access to water.

Apparatus

The experimental chamber measured 27.5 cm by 30 cm
by 26 cm (h x 1 x w). Two 5 cm-long bars, a food-lever and
a CO-lever, 8.5 cm apart, were located on one panel 7 cm
from the grid floor and protruded 2.5 cm into the chamber.
A food magazine into which 45 mg Noyes pellets could be
deposited by a pellet dispenser (Davis model PD-104), was
situated directly below and between the two levers. One
7.5 W houselight was on the opposite side of the chamber.
An 8 ohm speaker was mounted on one of the walls of the
sound-attenuated shell enclosing the chamber, with an
exhaust fan on the opposite wall. Control of the experi-

ment and recording of the data was done by means of solid

state equipment (BRS-LVE).

Procedure

Preliminary Training. puring this stage, each sub-

ject was hand-shaped to press the food lever, then exposed
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to a schedule of continuous reinforcement for seven 30-min

sessions. Next, the subjects were shaped to lever-press

only during the time a two-frequency random tone was on,
and then trained to press the second, or CO-lever, to
activate the tone which made reinforcement available by
means of a food-lever press. This response alternation
training continued for three 30-min sessions after acquisi-
tion. Following this the animals were exposed to the
following seqguence: conc VI 10 sec VI 10 sec, conc VI 15"
VI 15", conc VI 30" VI 30", and conc VI 60" VI 60". 1In

all cases, the two schedules were differentiated by a two-
fregquency tone, with each frequency associated with a
particular schedule or component. A single CO response

was regquired for switching between schedules and altering
the tone frequency. Each schedule was maintained until an
approximately equal number of reinforcers (#53) were ob-
tained in each component for at least seven consecutive
sessions. Each session lasted until sixty reinforcers were
delivered.

During preliminary training the dependent measures
were: total number of reinforcers obtained per component;
total number of responses per component; total CO re-
sponses; and for one of the schedule components, a fre-

quency distribution of the number of food-lever responses

intervening between changeovers.



Experimental Phases. Following preliminary training,

the animals were exposed to a conc VI 60" VI 60" during the

first experimental condition. No changeover delay was in

effect during this condition. 1In the second condition, a
two-second COD was introduced such that every CO response
started the COD timer and food-lever responses had no
consequence until that time period was over. 1In the

third condition the COD was eliminated; thus, this phase
was functionally equivalent to the first. In the fourth
condition, a one-second COD was introduced. During the
fifth and last condition, the COD was again removed. For
all experimental phases, a conc VI 60" VI 60" was in effect.
Sessions lasted until sixty reinforcers were delivered,

and each condition was maintained for at least ten consecu-
tive sessions (days).

The dependent measures during the experimental
phases were the same as those in preliminary training
except for the frequency distribution of food-lever re-
sponses, which was now recorded for both schedule com-
ponents.

Criteria for changing experimental phases were: in
terms of matching, a difference between relative response
rate and reinforcement rate no greater than *.05 or a range
of 10%; and in terms of the food-lever distribution, no
apparent changes in the relative value of each individual

bin. Decisions were based on the last five days' total.



CHAPTER III
RESULTS

Figures 1, 2, 3 and 4 show the percentage of inter-
changeover responses and their distribution as a function
of total changeover responses for each schedule component
and each of the experimental subjects. The variability
indicators show the variability for each component and
within each bin for the last five days of each condition.
For experimental purposes, interchangeover responses were
defined as the number of food-lever responses occurring
between changeovers, with each bin representing the number
of intervening food-lever responses. Tables 1, 2, 3 and
4 show the total number of interchangeover and changeover
responses from which the percentages in Figures 1, 2, 3 and
4 were derived for each of the subjects. All of the data
presented are totals derived from performance during the
last five days of each condition.

In general, during the first experimental condition
or baseline, where no COD was used, subjects showed about
the same percentage of responding in all bins with few
intervening food-lever responses and frequent changeovers
(Figures 2-A, 3-A and 4-A). This is less evident for
subject five (Figure 1-A) where slightly over 60% of

responding was observed in bin $¢>5, in both schedule

components.
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Figure 1, Distribution of food-lever responses for
both VI 60" VI 60" components as a percentage of
total changeover responses, during all experimental
conditions for subject number five.
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total changeover responses, during all experimental

conditions for subject number sixX.
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During the second experimental condition, when a two-
second COD was introduced, this pattern changed to show a
higher percentage of responses being allocated to the
higher bins. 1In fact, subjects five and six showed almost
no responding in bins 40 through #4, allocating about 90%
of all food-lever responses to bin #25, for both components
(Figures 1-B and 2-B). 1In other words, subjects increased
the number of responses during either VI 60" component
before emitting a changeover response. For subjects seven
and eight (Figures 3-B and 4-B) this pattern was also evi-
dent but with a slight difference, the percentage of
responding in bin #0 increased. Thus, the animals also
increased the number of times they changed schedules with-
out an intervening food-lever response. This increase was
from about 2% to 10% for subject seven in both components,
and from 10% to 20% for subject eight in both components.

In the third experimental phase, when the COD was re-
moved, subjects seemed to return to the pattern of
responding which was observed during baseline (Figures 1-C,
2-C, 3-C and 4-C). However, subject seven allocated a
high percentage of responding to bin #25, about 60% in both
components (Figure 3-C). This is more similar to the
results obtained with a two-second COD than to baseline.

When a one-second COD was introduced, all subjects

showed a tendency to emit several food-lever responses 1in

one component before changing over to the other component.
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Subject five (Figure 1-D) allocated a slightly higher per-

centage of responding to the lower bins than in the two-

second COD, and slightly less in bin #25. Subject six
(Figure 2-D) also shifted to the higher bins, and although
the effect was not as pronounced as with a two-second COD,
it was markedly different from the pattern observed during
the baseline condition. For subject seven (Figure 3-D),
the effect of a one-second COD was more pronounced than
tnat of a two-second COD. Moreover, responding in bin #0
was aimost eliminated, and that in bins #1 through #4
decreased to 10% or less in each bin for both components.
Subject eight (Figure 4-D) also shifted responding to the
higher bins, and again this effect was less pronounced
than that observed with a two-second COD.

During the last experimental condition when the COD
was again removed, subjects again returned to the pattern
of responding observed during the first experimental phase,
or baseline (Figures 1-E, 2-E and 4-E}. An exception tc
this was subject seven which again, d.d not show the
pattern observed during baseline, but something closer to
that seen during the COD and second baseline conditions
(Figure 3-E). In other words, the subject seemed to
allocate a high percentage of responding to bin #25. This
is less than in the conditions where a COD was used, but

not similar to the subject's original baseline patte n.
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In terms of total number of changeovers, all subjects

showed a decrease when a COD was introduced, and a subse-

quent increase when the COD was removed (Tables 1, 2, 3,

and 4). This decrease in number of total changeovers was

more evident the higher the COD value. Subject seven

showed some differences in terms of the general pattern.
There was a decrease in total changeovers with a two-
second COD, which was followed by a subsequent decrease
when the COD was removed {(Table 3). When a one-second COD
was introduced the number of changeovers again decreased,
but relatively less than that observed with the first COD.

As can be seen from the data, all subjects were sensi-
tive to the changes in experimental conditions. In
general, the introduction of a COD had the same effect for
all the subjects, an increase in the number of inter-
changeover responses and a decrease in the total number of
changeovers. Further, with the exception of subject
seven, this shift seems to become more pronounced with a
higher COD value.

The distribution of responses between the two
schedule components was approximately equal to the dis-
tribution of reinforcers obtained for responding in each
component. Thus, relative responding matched relative
subjects both with and without a

reinforcement for all

COD.



CHAPTER IV
DISCUSSION

One of the purposes of this study was to see whether
rapid or superstitious alternation actually does occur.
For this reason, a concurrent schedule with equal VI com-
ponents was chosen; if such a response pattern does indeed
occur, it is more likely to do so when equal components
are used. With equal components, superstitious alterna-
tion would seem to be the pattern of responding which
would maximize the probability of reinforcement for the
subject, provided a COD is not used (Herrnstein, 1961).
This pattern has been reported in past literature (Ferster
& Skinner, 1957; Herrnstein, 1961; Catania, 1962). This
study specifically looked at responding between changeovers
{i.e., interchangeover responding). Superstitious alterna-
tion would be observed as a high percentage of responding
in bin #1. There was some responding in that bin, but
except for the last condition in subject six's data, there
is no evidence that suggests such alternation might be a
dominant response pattern. While the introduction of a
coD does reduce and in some cases eliminates responding in
bin #1, its use for purposes of reducing low levels of

alternation may not be justified. The occurrence of

superstitious alternation as a dominant response pattern

in concurrent schedules of reinforcement has been assumed
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in past literature; under the conditions of this study, it

was found that there may be little reason for concerr.
Such concern is expressed by Herrnstein (1961), who argues
that superstitious alternation results in the relative fre-
quency of responding not matching the relative frequency
of reinforcement. With unequal schedule values, frequent
alternation would result in a more equal frequenéy of
responding in both schedules and thus prevent matching to
the relative frequency of reinforcement. The use of a
COD insures independence between the schedules, reduces
alternation and results in matching. Catania and Cutts
(1963) argued that superstitious alternation produces
schedule insensitivity whereby the subiject's behavior
does not come under the control of the schedule contin-
gencies. The use of a COD separates the schedules in time,
reducing superstitious responding and ensuring sensitivity
to schedule contingencies. However, the present study
found that superstitious alternation does not occur. The
COD may produce matching and schedule sensitivity, but it
does not do so by eliminating superstitious alternation.
The data obtained in this study further emphasize
some of the results previously documented in the litera-
ture. Pliskoff (1971), White (1979) and Pliskoff and
Fetterman (1981) examined the dependence of changeover

responses on their immediate consequence, the COD or COR.

They found that as the COD increased, not only did CO
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responses decrease but food-lever responses increased.

These results were duplicated in this study. Pliskoff
(1971) has argued that the COD functions as an aversive
stimulus punishing CO responding. However, the fact that
response rate during the COD increases suggests that such
an explanation of the function of the COD might not be
entirely correct. Van Haaren (1981} argued that a COD of
fixed duration may have a discriminative stimulus function
for responding in the presence of and following the
stimulus change (i.e., the COD). Such an argument would
explain why when a COD is introduced, response rates
during the COD increase, instead of decrease, which might
be the expected outcome if the COD was indeed an aversive
stimulus. The present study found that not only do over-
all response rates increase as the COD increases, hut
that the number of interchangeover responses (i.e., the
number of food-lever responses intervening between change-
overs) alsc increase. Silberberg and Fantino (1970} found
that response rates during the COD are higher than post-
COD rates. They argued that such a burst reflects the
increased probability of reinforcement which is in effect
after the COD. Although this study was not designed to
test such an assumption, it may be that the increase 1in
interchangeover responding is a direct result of the in-

crease in responding during the cop. If such is the

5 . t o %
cage, both van Haaren's (1981) and Silberberg and Fantino's
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(1970) data are in agreement and complement one another:

the COD may have a discriminative stimulus function for
behavior in the presence of and following the stimulus
change, indicating or reflecting the increased probability
of reinforcement in effect after the CoD.

So far the overall decrease of changeover responding
when a COD 1s used has been well documented in the litera-
ture (Pliskoff, 1971; Pliskoff & Petterman, 1981; White,
1979) and this study confirmed such findings. However, it
was also observed that a high percentage of responding was
allocated to bin #0. In other words, two or more CO
responses occurred with no intervening food-lever responses.
Such a pattern was most obvious in the data of subject
eight (Figure 4), where for all conditions simple switching
or alternating between the schedules seemed to be a more
dominant response pattern than superstitious alternation.
Simple alternation was at its highest level in the condi-
tion where & two-second COD was used, remained high in the
third condition when the COD was removed, and was still
observed in the last two conditions. The pattern is some-
what less evident in the other subjects' data; in subject
five it showed up in conditions three and four (Figure

1-C and 1-D): in subject six it was observed in the last
three conditions (Figure 2-C, 2-D and 2-E)}: and in subject

seven the pattern was observed in the second condition

(Figure 3-B). Simple alternation then, seems to be at a
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high percentage in the conditions where a COD is in use
“ ¥
suggesting that the COD does not, in effect, punish €O

responding. Again, van Haaren's (1981) explanation seems

to be the most plausible: the COD is a subject controlled

stimulus change superimposed on a concurrent baseline
schedule which has a conditioned reinforcing effect for
behavior in its presence and following it. In concurrent
VI VI schedules, the mere passage of time increases the
probability that the next response will be reinforced.
Thus, while a CO response during the COD would reset the
timer, initiating another COD, the probability of rein-
forcement at the end of the delay would increase.

In summary, although the effects of the COD have been
investigated for over two decades, its effects on inter-
changeover responding had not yet been systematically docu-
mented. The present study suggests that first,
superstitious alternation is not a dominant response
pattern and the use of the COD to reduce or eliminate it
and thus insure independence between schedule components
is not necessary in this case. Second, further investiga-
tion of the pattern of simple alternation could bring new

light to the issue of the effects of the COD in concurrent

schedules of reinforcement.
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