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FOOD DELIVERIES DURING THE PAUSE ON
FIXED-INTERVAL SCHEDULES!

RicHARD L. SHULL AND MARILYN GUILKEY

UNIVERSITY OF NORTH CAROLINA AT GREENSBORO

Pigeons were trained on fixed-interval schedules of food delivery. In Experiments I and II,
the fixed interval was initiated by the previous fixed-interval reinforcer; in Experiment III,
the fixed interval was initiated by the first key peck following the preceding fixed-interval
reinforcer (a chain fixed-ratio one, fixed-interval schedule). During the postreinforcement
pause, variable-time schedules delivered food independent of any specific response. Rate
of food delivery during the pause had only small effects on pause duration in Experiments
I and II. In Experiment III, however, pause duration increased systematically with the
rate of food delivery during the pause. These data suggest that the momentary proximity
to reinforcement delivered via the fixed-interval schedule exerts potent control over pause
termination. Additional analysis revealed that pause termination was unaffected by the
intermittent delivery of food during the pause. Such data suggest that the temporal con-
trol by fixed-interval schedules is highly resistant to interference.
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On fixed-interval (FI) schedules, food deliv-
ery depends on a single response after an in-
terval of time has elapsed. The most efficient
response pattern—efficient in the sense of ob-
taining the highest rate of food delivery with
the fewest responses—would be for the subject
to pause exactly the FI duration and then
make a single (reinforced) response. Instead,
the average pauses of rats and pigeons are be-
tween one-third and two-thirds of the FI (Du-
kich and Lee, 1973; Schneider, 1969; Shull,
1971). Thus, one question to ask about paus-
ing is, why are the pauses so short?

It seems reasonable that the conditions pre-
vailing during the pause would contribute to
pause duration. The more favorable the con-
ditions are during the pause (relative to the
scheduled terminal reinforcer) the longer the
pause should be. This is simply an application
of the relativity of reinforcement principle (cf.
Baum, 1973; Herrnstein, 1970). By this reason-
ing, the pause is so short on FI schedules be-
cause the typical experimental chamber is so
barren. It is somewhat surprising, then, that
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manipulations of food deprivation (Powell,
1972), amount of reinforcement (Hatten,
1974), physical restraint (Frank and Staddon,
1974), and the availability of objects control-
ling adjunctive behavior (Allen, Porter, and
Arazie, 1975) only minimally affect the FI
pause. One would expect these manipulations
to alter the favorability (or value) of condi-
tions during the pause relative to the sched-
uled terminal reinforcer.

The present experiments systematically var-
ied the conditions prevailing during the pause
by delivering food at different rates during the
pause.

EXPERIMENT 1
METHOD

Subjects

Three male pigeons were maintained at ap-
proximately 809, of their free-feeding weights.
Pigeons 1 and 2 had previous training with
variable-interval schedules. Pigeon 3 previ-
ously had autoshaping training and brief
training with a small fixed-ratio schedule.

Apparatus

The experimental chamber was enclosed in
a sound-attenuating box. White noise and a
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ventilating fan provided masking noise. On
one wall of the chamber were three 2-cm diam-
eter response keys, horizontally arranged, that
could be transilluminated with different col-
ored lights. Only the center key was used; the
two side keys were covered with tape. When
the key was transilluminated, a force to the
key exceeding 0.2 N operated control and re-
cording circuits. The key was disconnected
from the circuits when darkened. Food deliv-
eries were 4-sec access to mixed grain presented
through a rectangular opening below the cen-
ter key. During the feeder presentation, the
key was darkened and the feeder illuminated.
The feeder light and the keylight were the
only sources of illumination in the chamber.
A small wide-angle lens mounted through the
roof of the chamber allowed the experimenter
to observe the bird in the chamber.

Procedure

The basic schedule was similar to an FI
schedule. After a fixed interval of time elapsed
food became available for a key peck. The first
interval in each session began with the onset
of the keylight; the peck-produced food deliv-
ery initiated all subsequent intervals. The
schedule differed from the usual FI because a
different key color was associated with the
pause and terminal periods. At the start of
each interval, the key color was blue and a key
peck changed the color to amber. The first
peck in amber after the FI elapsed produced
food. Since the key color-change depended
only on the occurrence of the first key peck, it
provided no information about elapsed time.
The FI duration was either 120 sec or 240 sec.

During some conditions, food was delivered
during the pause at variable times indepen-
dently of any specific response—a variable-time
(VT) schedule (Zeiler, 1968). When the bird
pecked the key, changing the color from blue
to amber, the variable timer stopped until the
bird had collected the food scheduled by the
FI and blue was re-imposed. Three different
VT schedules were used to provide either 30,
60, or 120 food deliveries per hour during the
pause. Each VT schedule was constructed so
that the probability of food delivery was ap-
proximately constant at all times (Catania and
Reynolds, 1968). The FI timer stopped during
the actual delivery of food during the pause.

Table 1 lists the actual sequence of condi-
tions and the number of sessions devoted to

RICHARD L. SHULL and MARILYN GUILKEY

Table 1

The order of conditions in Experiment I and the num-
ber of sessions at each.

Pigeons 1 and 2
No. of

Pigeon 3
No. of

Condition Order Sessions Order Sessions
FI 120-sec
0 pause food/hr 1 70 2 50
3 15 4 15
5 15
8 15
60 pause food/hr 2 50 5 15
4 15
6 15
120 pause food/hr 7 15 1 50
9 15 3 15
FI 240-sec
0 pause food/hr 11 20
14 50
30 pause food / hr 13 20
15 20
60 pause food/hr 10 20
12 15

each. Daily sessions began and ended with the
chamber darkened and contained 41 FI food
presentations. Data were not recorded from
the first interval in each session.

RESULTS

Figure 1 shows representative cumulative
records. The basic FI 120-sec schedule gener-
ated the typical pattern of a pause followed by
responding at a moderate rate until the food
delivered by the FI. This pause-respond pat-
tern persisted even when VT schedules deliv-
ered food during the pause.

Figure 2 shows that mean pause duration
(i.e., the mean time to the first key peck) often
increased with the rate of food during the
pause. However, these effects were quite small.
In contrast, changes in the FI duration (Pi-
geons 1 and 2) produced corresponding
changes in the pause duration. The variability
across successive replications was generally
small, with the exception of the basic FI 240-
sec schedule for Pigeon 1. During one determi-
nation, occasional very long pauses developed;
during another determination, a pattern devel-
oped consisting of a brief burst of pecking im-
mediately after the FI food delivery and then
a pause of the typical duration. Food presen-
tations during the pause brought the perform-
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Fig. 1. Cumulative records for Pigeons 1 and 2 from
one of the last five sessions of the condition indicated.
The stepping pen reset to the baseline at the start of
each FI. Slash marks indicate the delivery of food
during the pause.

ance of Pigeon 1 into conformity with that of
the other birds.

Although the mean pause was not much af-
fected, food deliveries during the pause might
have affected pausing in other ways. For exam-
ple, if pause termination depended on the
time elapsed since food, each food delivery
during the pause might have re-initiated the
interval for the pigeon (cf. Logan and Ferraro,
1970). If so, the average time between a food
delivery during the pause and termination of
the pause would have been independent of
when the food was delivered in the FI. If, how-
ever, elapsed time in the FI controlled pause
termination regardless of intervening food de-
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Fig. 2. Mean pause duration (time to the first key
peck in the FI) plotted over the rate of food delivered
during the pause by the VT schedules. Mean pause
duration was derived from the last five sessions of a
condition. Each plotted point is the mean of the five-
session means. The horizontal lines above and below
the points indicate the range of the five-session means.

liveries, the time between food delivery and
pause termination would have been shorter
the later the food was delivered in the FI. Fig-
ure 3 shows mean food-to-pause-termination
times plotted over the time of food delivery
during the pause. Flat, or horizontal, functions
would have indicated control by time since a
food delivery during the pause, consistent with
the re-initiation idea. However, since the func-
tions decreased, pause termination seems to
have been controlled mainly by time elapsed
since the start of the FI.

To examine further the temporal control of
pausing, the probability of pause termination
was determined for different pause times. Indi-
vidual pauses were arranged in a frequency
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Fig. 3. The mean time from a food delivery during
the pause to the termination of the pause (first key
peck) plotted over the time in the FI that the food was
delivered. Closed points indicate times from the first
food delivered during the pause; open points indicate
times from the second food delivered during the pause.
The times of occurrence of the food deliveries were
distributed to bins 24 sec wide for the FI 120-sec sched-
ule and 48 sec wide for the FI 240-sec schedule. Points
are plotted over the mid points of the bins. Points are
not plotted for bins containing fewer than 10 entries.
The values are derived from the last five sessions of the
last determination of the conditions.

distribution. Pause termination per opportu-
nity values were calculated by dividing the
number of pauses terminated during a particu-
lar bin by the number of pauses terminated in
that and all later bins (Shull and Brownstein,
1975, after Anger, 1956). Figure 4 shows that
the probability of a pause termination in-
creased with elaped time in the FI. (The high
value in the first bin for Pigeon 1 on the FI
240-sec schedule reflects the bursts that often
occurred at the start of the interval.) Consistent
with the average pause data in Figure 2, in-
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Fig. 4. Pause terminations per opportunity plotted
over pause time for the FI durations and rates of food
deliveries during the pause indicated. Bin size is one-
sixth of the FI and points are plotted over the upper
limit of the bin. Points were not plotted when the
denominator (opportunities) fell below 0.1 of the total
number of pauses in the distribution. Pause termina-
tions per opportunity values were derived from pause
frequency distributions based on the last five sessions
of a condition. These frequency distributions were
summed across replications.

creasing rates of food during the pause some-
times decreased the slope of the termination
per opportunity functions (see especially the
FI 120-sec functions for Pigeon 2). But again,
the effects were generally small and not always
consistent (see the FI 240-sec functions).

Extensive visual observations revealed that
the birds rarely failed to eat when grain was
presented.

DiscussioN

Variations in the rate of food presentation
during the pause had only small effects on the
FI pause. Since time in the FI controlled pause
termination similarly with and without the in-
termittent delivery of food during the pause
(cf. Figures 38 and 4), the temporal control of
pause termination must be highly resistant to
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interference and disruption. Similarly, posi-
tively accelerating response rates throughout
the FI (the FI scallop) persist despite interrup-
tions by concurrent reinforcement (Catania,
1962; Nevin, 1971) or by stimuli signalling
nonreinforcement (Dews, 1962; 1970).

When food is not delivered during the pause
on FI schedules, the rate of food delivery is in-
dependent of pause duration provided the
pause does not exceed the FI1. With the present
procedure of delivering food during the pause,
in contrast, the rate of food increases with
pause duration until the pause equals the FI.
The minimal effect on pausing suggests that
the dependence of food rate on pausing was
not a potent variable.

A more potent variable seems to be the
momentary temporal proximity to food at the
end of the FI. On FI schedules, the time re-
maining to the end of the FI decreases as pause
time increases. Control by this increasing tem-
poral proximity is suggested by the rising
pause terminations per opportunity functions
in Figure 4 (see also Shull and Brownstein,
1975). The relation between temporal proxim-
ity and pause duration might explain why
food deliveries during the pause were so inef-
fective. The reason might be simply that the
temporal proximity became so potent an in-
ducer of responding at intermediate pause
times that the schedule of food during the
pause could not compete successfully.

The present data and interpretation are
consistent with previous studies showing that
close proximity to reinforcement (or short de-
lays of reinforcement) induce responding even
when that responding reduces the overall ac-
cess to reinforcement (Ainslie, 1974; Rachlin
and Green, 1972).

EXPERIMENT 11

In Experiment I, the schedule of food during
the pause operated only as long as the bird re-
frained from key pecking. Thus, a schedule re-
quiring not-key-pecking (the schedule during
the pause) was pitted against a schedule re-
quiring key pecking (the FI schedule). Pecking
is highly probable for hungry pigeons in the
context of food delivery (cf. Hearst and Jen-
kins, 1974; Staddon and Simmelhag, 1971).
Perhaps the schedule of food during the pause
was so ineffective because the behavior it re-
quired (not-key-pecking) was incompatible
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with the dominant response of pecking. If so,
the schedule of food during the pause might be
more effective if that schedule required a key
peck. Experiment II evaluated this possibility
by requiring a peck on a second key to obtain
the reinforcers during the pause on the FI key.

METHOD
Subjects and Apparatus

The subjects and apparatus were the same as
in Experiment I except that the left key was
uncovered. When that key was red, pecks ex-
ceeding 0.2 N operated control and recording
circuits and darkened that key for 0.045 sec.

Procedure

The first condition was an FI schedule with
food delivered by a VT schedule during the
pause as described in Experiment I, except
that the left key was red during the FI pause.
Pecks on the left key were recorded but had no
scheduled effect. For the next condition, the
left key was covered, with the schedule other-
wise unchanged, to provide a reference for de-
termining whether the mere presence of the
red key had any effect. For the third condition,
the left key was uncovered. A peck on the red
key was now required to obtain each food de-
livery assigned by the pause schedule; i.e., the
VT was changed to a variable-interval (VI)
schedule on the red key. As before, the first
peck on the FI key in each interval stopped
the VI timer; but now it also darkened the red
key. Several different FI and VI schedules were
studied, with the sequence of conditions indi-
cated in Figure 5. Sessions were conducted
daily for Pigeon 3 and on alternate days for
Pigeons 1 and 2. The fourth and sixth condi-
tions shown in Figure 5 contained 21 food
deliveries by the FI; all other conditions con-
tained 41 food deliveries by the FI. The cri-
terion for terminating the session was changed
to reduce differences in the total number of
food deliveries per session among conditions.

RESULTS AND DISCUSSION

Figure 5 shows the daily mean pause. Also
shown are the corresponding response rates to
the red key (responses to the red key divided
by the time that key was illuminated). Al-
though some conditions were studied too
briefly for stability, certain trends were clear.
The red-key response rate was positively re-
lated to the rate of food deliveries provided by
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the VI schedule. In contrast, the FI pause was
essentially independent of red-key responding
and the rate of food delivery for pausing.
Pause duration changed rapidly when the FI
duration was changed.

These data support and extend the findings
of Experiment I. Pausing was little affected by
food during the pause, even at delivery rates
higher than used in Experiment I. Thus, the
minimal effects occurred whether or not key
pecking was required for food delivery during
the pause.

EXPERIMENT III

In Experiments I and II, the time remaining
to the end of the FI decreased as pause time in-
creased. If this feature of FI schedules caused
the minimal effects on pausing, the effects
might be larger if the time to the end of the
FI were made independent of pause time. In
Experiment III, the FI did not start until a
key peck occurred (a chain FR 1 FI schedule)
and so the absolute amount of time to the end
of the FI did not change with pause time. Once
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Fig. 5. Mean pause duration on the FI schedule and
response rate on the key illuminated red during the FI
pause (red-key responses per minute of FI pause time)
for each session of Experiment II. The condition desig-
nations indicate the FI schedule and the VI schedule
available during the pause. For the left-most panel for
each bird the schedule during the pause was a VT
schedule with the red keylight simply present during
the pause.

RICHARD L. SHULL and MARILYN GUILKEY

again, food was delivered at different rates
during the pause.

METHOD
Subjects and Apparatus
The same as in Experiment I.

Procedure

As in the previous experiments, the key was
blue at the start of each cycle, the first key peck
in each cycle changed the key color from blue
to amber, and the first key peck in amber after
the interval elapsed produced food. In this ex-
periment, however, the FI began after the first
key peck. This peck also changed the key color
from blue to amber (a chain FR 1 FI sched-
ule). Thus, the minimum time in amber was
equal to the FI duration and was independent
of pause (blue) time.

The FI duration in the chain schedule was
either 60 or 30 sec. The 60-sec schedule was
chosen because the average time in amber on
the FI 120-sec schedules in Experiments I and
II was about 60 sec. With both values of the
chain FR 1 FI schedule, food was delivered
during the pause at different rates by the VT
schedules as in Experiment I. The actual se-
quence of conditions and the number of ses-
sions at each are shown in Table 2. Unlike the
case in Experiments I and II, food during the
pause produced long pauses on the chain
schedule. To ensure that these effects could not
be attributed to satiation, the number of food
deliveries per session was restricted: sessions

Table 2

The order of conditions in Experiment III and the
number of sessions at each.

No. of
Condition Order Sessions
Chain FR 1 FI 60-sec
0 pause food /hr 1 25
15 pause food /hr 4 10
30 pause food /hr 3 15
5 15
60 pause food /hr 2 15
6 10
Chain FR 1 FI 30-sec
0 pause food /hr 9 15
30 pause food /hr 8 10
60 pause food /hr 7 10
10 10
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terminated after 41 fixed intervals or 61 food
deliveries regardless of source, whichever oc-
curred first.

RESULTS

Figure 6 shows representative cumulative
records of several conditions for Pigeon 3. In-
creasing the rate of food delivery during the
pause increased pause duration.

Figure 7 shows the mean pause duration for
all three birds. With the exception of an inver-
sion for Pigeon 1, pause duration increased
with the rate of food delivery during the
pause, with the slope of the curves being
steeper for the chain FR 1 FI 60-sec schedule
than for the chain FR 1 FI 30-sec schedule.
Since median pause durations similarly in-
creased, changes in mean values were not sim-
ply due to the occurrence of a few very long
pauses.

GENERAL DISCUSSION

The pause was much more sensitive to food
delivery under the chain FR 1 FI schedules
(Experiment 1II) than under the FI schedules
(Experiments I and II). This differential sensi-
tivity is understandable if proximity to the
end of the FI is a major determiner of pause
termination. At every moment during the
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Fig. 6. Cumulative records for Pigeon 3 from one of
the last five sessions of the condition indicated. The
stepping pen reset to the baseline on delivery of the
FI reinforcer. Slash marks indicate the delivery of food
during the pause. The event line indicates the pause
(up) and the FI (down) periods of the chain FR 1 FI
60-sec schedule.
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pause, the pigeon has the option of either con-
tinuing or terminating the pause. On FI sched-
ules, the conditions become increasingly con-
ducive to termination with increasing pause
time because the food at the end of the FI gets
closer in time. Conditions become so conducive
before the end of the FI that conditions during
the pause (e.g., food deliveries) cannot main-
tain control. On chain FR 1 FI schedules, in
contrast, the food at the end of the FI does not
get closer in time with pausing and so the con-
ditions do not become so strongly conducive to
pause termination. As a result, the conditions
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Fig. 7. Mean pause duration (mean time to the first
key peck in the chain FR 1 FI schedule) plotted over
the rate of food delivered during the pause by the VT
schedules. Mean pause duration was derived from the
last five sessions of a condition. When there was more
than one determination, the mean of the five-session
means was plotted and the range of five-session means
indicated by the horizontal lines.
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during the pause can exert a systematic effect.
With increasing FI durations in the chain FR
1 FI schedule, the food at the end of the FI
becomes increasingly remote from the pause
termination. Conditions during the pause are
more effective, therefore, with longer FI com-
ponents because the schedule is less conducive
to pause termination.

The temporal properties of fixed-ratio (FR)
schedules are similar to those of the chain FR
1 FI schedules, in that the time to the terminal
reinforcer is independent of pause time (cf.
Morgan, 1972; Shull, 1970). The present re-
sults, and their interpretation, may help clar-
ify the reasons for some differences between
FI and FR schedules. Although direct compar-
isons are lacking, the pause appears more sen-
sitive to various manipulations on FR than on
FI schedules. First, shock punishment (Azrin,
1959), deprivation (Powell, 1969a; Sidman and
Stebbins, 1954), reinforcer amount (Powell,
1969b; Winograd, 1965), and the availability
of objects controlling adjunctive behavior
(Cohen and Looney, 1973; Knutson, 1970) all
appear to affect pause duration more on FR
schedules than on FI schedules (Azrin and
Holz, 1961; Allen et al., 1975; Hatten, 1974;
Powell, 1972). Also, reinforcer amount affects
pause duration more on large than on small
FR schedules (Morse, 1966), just as the effects
of food during the pause depended on the du-
ration of the FI in the chain FR 1 FI schedule.
Since these manipulations can be construed as
altering the favorability of conditions during
the pause relative to conditions after the pause,
these results parallel the present results. Sec-
ondly, attempts to change pause duration by
requiring particular pause durations for the
terminal reinforcer have been successful with
FR schedules (DeCasper and Zeiler, in press;
Kelleher, Fry, and Cook, 1964). Similar manip-
ulations with FI schedules (Buchman and
Zeiler, 1975) have not been successful. Such re-
sults are consistent with the present results be-
cause food delivered during the pause can be
interpreted as providing differential reinforce-
ment for increased pausing.

These data have implications for the gener-
ality of average pause values reported for FI,
response-initiated FI, and FR schedules. The
pause on FI schedules is most likely to be con-
sistent among experiments because it is least
affected by variables that probably differ
among experiments.
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