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A change in the size of a fixed-ratio schedule involves a sinmultaneous change in number
of responses, in time to complete the ratio (work time), and in the interval between suc-
cessive reinforcements (interreinforcement interval). Previous studies have suggested the
importance of work time and the interreinforcement interval in controlling the length of
the post-reinforcement pause. The present study sought to determine whether number
of responses is also a significant factor. Pigeons were trained on a multiple fixed-ratio x
fixed-ratio 2 plus timeout schedule in which the size of the fixed-ratio x was manipulated.
When the work times (Experiment I) or interreinforcement intervals (Experimient II) were
equated for the two components, the pause before the fixed-ratio x was longer than the
pause before the fixed-ratio 2 plus timeout. As fixed-ratio x size increased, the relative
difference in the lengths of the two types of pauses also increased. Because the fixed-ratio
x component contained a larger number of responses than the fixed-ratio 2 plus timeout
component, the relatively longer pause preceding the fixed-ratio x indicates that number
of responses played a significant role in determining the length of the post-reinforce-
ment pause.

In a simple fixed-ratio (FR) schedule of
reinforcement, an increase in the size of the
FR requirement produces an increase in the
post-reinforcement pause (Felton and Lyon,
1966; Ferster and Skinner, 1957; Powell,
1968). Also, an increase in FR size increases
work time, i.e., the time from first to last re-
sponse (Pliskoff and Goldiamond, 1966; Rill-
ing and McDiarmid, 1965). Together, these in-
creases in post-reinforcement pause length and
work time produce an increase in the inter-
reinforcement interval (IRI), the time between
reinforcements (Neuringer and Schneider,
1968).
The effect of number of responses on

FR performance is unclear, although some
studies have attacked the problem. For ex-
ample, in an attempt to determine whether
number of responses or the IRI was impor-
tant in controlling performance on fixed-in-
terval (FI) and FR schedules, Neuringer and
Schneider (1968) scheduled brief timeouts
after each nonreinforced response. Increas-
ing the lengths of the timeouts in the FR
schedule lengthened the IRI and the subjects
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paused longer after reinforcement. In the Fl
schedule, lengthening the timeouts reduced
the total number of responses in the interval,
but the post-reinforcement pause did not
change. Thus, they concluded that ". . . the
time between reinforcements controls re-
sponding independently of the number of
responses emitted during that time" (Neu-
ringer and Schneider, 1968, p. 666).
On the other hand, Rilling (1967) evalu-

ated time and number of responses as factors
controlling discrimination between pairs of
FR or Fl schedules. He found a low correla-
tion between work time and FR discrimina-
tion accuracy but a high correlation between
number of responses emitted in the FI sched-
ules and how accurately the animals discrim-
inated different Fl schedules.
The issue of whether responses control

pause length has not been clarified by these
two studies. Neuringer and Schneider (1968)
did not manipulate FR size, and whereas Rill-
ing demonstrated the importance of responses
in Fl discrimination, he made no statements
concerning the relationship of responses to
pause length. Although the present study did
not examine simple FR performance, the size
of the FR schedule in one component of a
multiple schedule was varied under conditions
in which work times (Experiment I) or IRIs
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(Experiment II) were controlled across com-
ponents. The purpose of this technique was
to separate the effects of responses and time
on the length of the post-reinforcement
pause.

EXPERIMENT I

The strategy in this experiment was to com-
pare pre-ratio pause lengths between two mul-
tiple schedule components, the first of which
was a simple FR schedule. In the second com-
ponent, the first response initiated a timeout
(TO) and when the TO elapsed, another re-
sponse produced reinforcement. The lengths
of the work times in the two components were
equated through a yoking procedure. Thus,
the primary difference in the requirements of
the two components was that one component
required more responses than the other.

METHOD
Subjects
Two experimentally naive homing pigeons,

Birds 819 and 665, served.

Apparatus
The experimental chamber was a standard

operant conditioning pigeon chamber that
contained three translucent response keys of
which only the center key was used. The ap-
erture for the feeder hopper was located 10.2
cm below this key. Electromechanical appa-
ratus and a PDP-5 computer (Digital Equip-
ment Corporation), located in an adjacent
room, arranged the experimental conditions
and recorded the behavior. White noise
masked extraneous sounds. The reinforce-
ment was 3-sec access to Purina Racing Pigeon
Checkers. Water was available at all times in
the home cage.

Procedure
Both birds were reduced to 80% of their

free-feeding weights and taught to peck the
key in the presence of a red light. The sched-
ule was gradually increased to FR 25, and the
birds were allowed to consume as much food
as possible within the 90-min experimental
session. Thus, at the beginning of a session,
the birds were on 22.5 hr deprivation. When
the FR was raised to FR 200 and FR 300 (see
below), the length of the experimental ses-
sion was increased to 2.5 and 6.0 hr, respec-

tively. During the six days of training each
week, these extended sessions permitted suf-
ficient exposure to these larger FR schedules
to maintain body weight without supplemen-
tary feeding. Supplementary food was given
on the other day.

After body weight stabilized on FR 25, both
birds were placed on a multiple fixed-ratio 25
fixed-ratio 2 plus timeout (mult FR 25 FR 2 +
TO) sclhedule of reinforcement. In this sched-
ule, 25 responses in the presence of a red key-
liglht produced reinforcement and changed the
key color to green. In the presence of the green
keylight, the first response darkened the en-
tire chamber for the length of the TO, dur-
ing which responses had no scheduled conse-
quence. After the TO period concluded, the
green keylight and the chamber houselights
were illuminated again. A single response pro-
duced reinforcement, after which the red key-
light and the FR 25 schedule were reinstated.
The keylight was turned off, and the feeder
hopper was illuminated during reinforcement
in both components.
As seen in Table 1, the size of FR x was

gradually increased, followed by replication
of two earlier FR x values. Work time, de-
fined as the time between the first and last re-
sponses on either schedule, was equated for
the FR x and FR 2 + TO components in the
following manner. At a given value of x, the
median FR x work time was determined for a
session. In the subsequent session, the length
of the TO was set equal to the previous ses-
sion's median FR x work time.
A change in x was based on the stability of

the lengths of the pre-ratio pauses, i.e., the
pre-FR x and pre-FR 2 + TO pauses. When
neither type of pause showed a consistent up
or down trend for a period of five consecutive
sessions, the next FR x in the series was sched-
uled, given that a minimum of 10 sessions had
occurred. The actual number of sessions is
shown in Table 1.

RESULTS
Figure 1 permits a comparison of the

lengths of the pre-FR x and pre-FR 2 + TO
pauses at each x value. The data represent the
median of the last five-session medians for
both pauses. As can be seen in Figure 1, the
pre-FR x pause was always longer than the pre-
FR 2 + TO pause, and the difference between
the two pause lengths increased as x got larger.
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Table 1

Sequence of Experimental Conditions and Numnber of Sessions for Each

EXPERIMENT I

Bird 819 Bird 665

Schedule No. of Sessions Schedule No. of Sessions

FR 25 14 FR 25 10
mult FR 25 FR 2+TO 24 mult FR 25 FR 2+TO 25
mult FR 50 FR 2+TO 10 mult FR 50 FR 2+TO 10
mult FR 100 FR 2+TO 10 mult FR 100 FR 2+TO 14
mult FR 200 FR 2+TO 10 mult FR 200 FR 2+TO 10
mult FR 300 FR 2+TO 26 niult FR 300 FR 2+TO 10
mult FR 25 FR 2+TO 15 mult FR 25 FR 2+TO 12
inult FR 50 FR 2+TO 20 mult FR 50 FR 2+TO 18

EXPERIMENT II

Bird 819 Bird 665

Schedule No. of Sessions Schedule No. of Sessions

mult FR 50 FR 2+TO 27 mult FR 50 FR 2+TO 25
mult FR 50 FR 2+TO 10 mult FR 50 FR 2+TO 11
Color Reversal Color Reversal
mult FR 25 FR 2+TO 11 mult FR 25 FR 2+TO 10

Bird H-12 Bird H-13

Schedule No. of Sessions Schedule No. of Sessions

FR 25 22 FR 25 22
mult FR 25 FR 2+TO 15 mult FR 25 FR 2+TO 15
mult FR 50 FR 2+TO 13 mult FR 50 FR 2+TO 12
mult FR 100 FR 2+TO 16 mult FR 100 FR 2+TO 14

Primarily, this increasing difference was due
to the lengthening of the pre-FR x pause.

Because the -length of the TO in a given
session was based upon the previous session's
median FR x work time, there was an oppor-
tunity for some variance between the work
times of the two components. However, the
method used to equate work times was reason-
ably accurate at FR values less than 300, with
deviations in work times for the two compo-
nents being less than 2 sec.

EXPERIMENT II
In Experiment I, the work times in the two

components of the multiple schedule were
equated. Because Neuringer and Schneider
(1968) had suggested that IRI may control
the length of the post-reinforcement pause,
the multiple schedule from Experiment I was
modified such that the lengths of the IRIs of
the two components were equated through a
yoking procedure.

METHOD
Subjects
Two experimentally naive White King pi-

geons, H-12 and H-13, served as subjects. Birds
819 and 665 from Experiment I also were
used.

Apparatus
The apparatus was identical to that used

in Experiment I.

Procedure
Birds H-12 and H-13 were trained to re-

spond on an FR 25 schedule, with the same
procedure used in Experiment I. After body
weight stabilized on FR 25 under 22.5 hr of
deprivation, both H-12 and H-13, and the
subjects from the previous experiment, were
placed on mult FR x FR 2 + TO schedules.

In this experiment, the IRIs, rather than
work times, were equated. The IRI of the FR
x component was measured by the computer.
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Fig. 1. Pre-ratio pause lengths as a function of x

in the mult FR x FR 2 + TO schedule with work times
equated. Data are medians of the last five-session me-

dians. The pre-FR x pauses are represented by open

circles and the pre-FR 2 + TO pauses by closed circles.
The unconnected points are redeterminations.

The duration of the subsequent FR 2 + TO
component was then based on this interrein-
forcement interval. If a response occurred
in the FR 2 + TO component before this pre-

determined interreinforcement interval had
elapsed, the chamber was darkened and re-

sponses had no effect. When the predeter-
mined IRI elapsed, the green keylight and
chamber houselights were illuminated again.
A single response produced reinforcement
followed by a red keylight and the FR x

schedule. Thus, if the pre-FR 2 + TO pause

was relatively short, the computer increased
the length of the TO so that the sum of the
pre-FR 2 + TO pause and the TO would be
equal to the IRI of the previous FR x. On
the other hand, if the pre-FR 2 + TO pause

was long, the TO was set to a shorter value.
However, if the predetermined interval elapsed
before a response occurred, the FR 2 + TO
component terminated without reinforcement
and the FR x component was reinstated.
The sequence of schedule conditions is

listed in Table 1. Since Birds 819 and 665 had
histories of pairing a red keylight with the

FR x component and a green keylight with
the FR 2 + TO component when the work
times were equated, key color might have con-
trolled the pre-FR x and the pre-FR 2 + TO
pause lengths for these two birds. Accord-
ingly, for Birds 819 and 665 in the mult FR
50 FR 2 + TO schedule with the IRIs equated,
the colors were reversed; a red key was pres-
ent during the FR 2 + TO component and a
green key during the FR x component.

RESULTS
Figure 2 shows the pre-FR x and the pre-

FR 2 + TO pause lengths at various values of
x with IRIs equated. The data represent the
median of the last five-session medians for
both pauses. The pre-FR x pause was always
longer than the pre-FR 2 + TO pause for all
four birds. Both the pre-FR x and pre-FR 2
+ TO pauses varied directly with x. However,
as x increased, the pre-FR x pause always in-
creased more than the pre-FR 2 + TO pause.

DISCUSSION
A seemingly simple change in FR size ac-

tually represents the simultaneous change of
a number of variables. Among these, number
of responses, work time, and interreinforce-
ment interval (IRI) are directly proportional
to FR size. The present study concentrated
on the role played by the number of responses
when either work time or IRI was controlled.
In two experiments, subjects were exposed to
two alternating components of a multiple
schedule. The first component, an FR x sched-
ule, involved three variables: number of re-
sponses, work time and IRI. In the other
component, the FR 2 + TO schedule, work
time or IRI varied in accordance with work
time or IRI in the first component, while the
number of responses in the second component
was held constant at two. In addition to the
different response requirements of the two
components, the second component included a
stimulus change, the darkening of the cham-
ber during TO.
For all subjects, pauses before the first re-

sponse on the FR x schedule were consistently
longer than pauses before the first response on
the FR 2 + TO schedule, when either work
times (Experiment I) or IRIs (Experiment II)
were equated for the two components. Differ-
ences in the lengths of the two pauses were
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Fig. 2. Pre-ratio pause lengths as a function of x in the mult FR x FR 2 + TO schedule with interreinforcement

intervals equated. Data are medians of last five-session medians. The pre-FR x pauses are represented by open
circles and the pre-FR 2 + TO pauses by closed circles. The unconnected points are redeterminations and repre-
sent the color reversal for Birds 819 and 665.

enhanced as x increased. While these data sug-
gest that the relatively longer pause preceding
the FR x schedule may have been due to the
larger number of responses in this compo-

nent, several other factors may have been
important.
The first of these concerns the stimulus

changes in the FR 2 + TO component. Since
a single response following the timeout pro-
duced reinforcement, short latencies in the
presence of the green keylight resulted. Fail-
ure to discriminate this green light from the
one present at the beginning of the FR 2 +

TO component may have caused a short pause
before the first response of this component.
However, observation of the cumulative rec-

ords revealed that the pre-TFR 2 + TO pause
was almost always substantially longer than
the pause following the timeout. Moreover,
as the size of x increased, the pre-FR 2 + TO
pause increased, but the pause following the
timeout showed little change.
A second factor was the omission of rein-

forcement, which occurred in Experiment II

when the pre-FR 2 + TO pause equalled the
IRI of the previous FR x component. This

80a

60

C) 40a
lii
ob

v 20

:0

0

F-

ih
elf

10*
8-

6a

44

2-

a

a

a

a

a

a

a

a

aa
a

a

a

0

a

a

a

a

a

a

4,a
a

a

a

a

a

a

m

a

m

9



120 E. K. CROSSMAN et al.

contingency could have produced short pre-
FR 2 + TO pauses, since long pauses resulted
in the loss of reinforcement. However, this
loss of reinforcement occurred less than about
1% of the time.
Another possible source of error could oc-

cur if the birds paused before emitting the last
response in the FR 2 + TO component. The
IRI for this component then would be longer
than that for the preceding FR x component.
This could bias the pre-FR 2 + TO pause,
probably making it longer. In practice, how-
ever, the birds usually responded as soon as
the keylight and houselights were turned on
after the TO had elapsed.
These data stand in opposition to a number

of studies that have suggested that number of
responses is not a significant factor in control-
ling the length of post-reinforcement pauses.
Neuringer and Schneider (1968) showed that
the pause preceding the first response of an
Fl schedule was not systematically related to
the number of responses in the Fl. Also, Kil-
leen (1969) attempted to separate responses
from time on fixed-ratio schedules by yoking
pairs of birds, one member of which was on
an FR schedule, such that the IRIs for each
pair were approximately equal. He found that
even though the number of interreinforcement
responses differed for the two members of the
yoked pair, the post-reinforcement pauses did
not. On the other hand, Dukich (1971), in a
choice situation, found that birds preferred
the smaller of two FRs when IRIs for the two
FRs were equated.
Although the different procedures used in

the above studies make comparisons difficult,
one important difference may be the relation-
ship between number of responses and rein-
forcement frequency. In studies that have in-

dicated that number of responses had little
effect on the post-reinforcement pause, i.e.,
Killeen (1971) and Neuringer and Schneider
(1968), the rate of responding did not signif-
icantly alter reinforcement frequency. How-
ever, in the present study, and in that of
Dukich (1971), reinforcement frequency was a
direct function of the rate at which responses
were emitted.
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