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Pigeons produced food on a fixed-ratio schedule by pecking at one key, and an SA period by
pecking at a second (switching) key. Switching behavior was examined as a function of
(a) size of the fixed ratio, (b) whether the SA was of fixed duration or could be determined
by the bird, (c) the introduction of a novel food SD, (d) extinction of food responding, and
(e) the stimuli associated with the SD and SA conditions. No monotonic relationship was ob-
tained between ratio size and switching behavior. Switching behavior was, however, influenced
by many variables. The results suggest that an interpretation of switching behavior in
terms of its being reinforced by the removal of aversive conditions, is open to considerable
question.

Azrin (1961) reinforced pigeons on fixed-
ratio schedules for pecking at a food key. His
subjects occasionally pecked at a second
(switching) key when one peck changed the
conditions to SA for food, and a second peck
reinstated the SD conditions. Switching re-
sponses usually occurred during the pause
prior to a fixed-ratio run. The duration of
time spent in SA increased with the size of the
fixed ratio from FR 60 to FR 200.
We examined a similar paradigm using a

series of exploratory manipulations. The re-
sults were in part different from those of
Azrin, but because experimental conditions
were markedly different they do not directly
bear on his results. The results do, however,
raise some questions about the interpretation
of results obtained with such a paradigm.

PRELIMINARY PROCEDURES
Four adult, White Carneaux pigeons (Ss)

were maintained at 80% of free-feeding
weight. The apparatus was a standard, two-
key, experimental space for pigeons.
The Ss were given two sessions of con-

tinuous reinforcement for pecking at the
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right (food) key in the presence of a red light
(SD) projected on the key. They were then
run on a multiple FR 15, Ext 180-sec schedule.
The key was white during extinction and any
responses emitted in the presence of the white
SA reset the 180-sec clock. All Ss stopped re-
sponding in the SA within five daily sessions.
Subjects were then exposed to a second
(switching) key on which a green light was
projected. (Throughout the preliminary pro-
cedures the switching key always remained
green.) Subjects were reinforced on a given
fixed-ratio schedule for responses on the red
food key. Subjects 14R and 16R were placed
on a "free-switching" schedule. A single re-
sponse on the green switching key changed
the conditions from SD to SA (the light on the
food key changed from red to white) and the
next switching response reinstated the SD con-
ditions. Subjects lB and 2B were placed oIn a
"minimum-duration" schedule. A single re-
sponse on the green switching key changed
the conditions from SD to SA for at least 10
sec. After no response on either key was
emitted for 10 sec, the SD conditions were
automatically reinstated.

All Ss were run daily until they obtained
50 food reinforcements. Each reinforcement
consisted of a 3l/2-sec magazine cycle. Because
the experimental manipulations in this phase
were done in survey fashion, the major vari-
ables manipulated and the major results ob-
tained will be briefly summarized.

Switching behavior was examined as a
function of (a) the size of the fixed ratio (FR
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size was varied from 25 to 140), (b) the effect of
substituting a blue (novel) SD for the red SD,
and (c) the effect of extinction of food be-
havior (the magazine cycle was lowered to ¼4
sec duration).

PRELIMINARY RESULTS
Switching behavior was measured in three

ways. The percentage of sessions in which no
switching behavior occurred at all was calcu-
lated. In addition, for each session in which
switching behavior occurred, the number of
switches per hour of SD time and the time
in SA per hour of SD time were calculated.
Under the survey conditions of these pre-

liminary manipulations; there was no mono-
tonic relationship between switching behavior
and size of the fixed ratio. Switching behavior
was extremely variable under most ratio
values. The following results, however, were
quite reliable. (A) The two Ss on the mini-
mum duration switching procedure did not
emit switching responses in the large ma-
jority of sessions under any condition. (No
switching occurred in 81% and in 68% of
the sessions of lB and 2B, respectively.)
The two Ss on the free switching con-
dition emitted at least one switching re-
sponse in a much larger percentage of sessions
but failed to do so in many sessions. (No
switching occurred in 36% and 27% of the
sessions of 14R and 16R, respectivey.) (B)
Switching frequency increased markedly for
birds 14R and 16R (and to a slight extent for
birds lB and 2B) in the first and/or second
session following an increase in ratio size.
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This effect was transient, however, and switch-
ing rapidly decreased by the fourth session on
a given ratio. (C) Switching frequency de-
creased markedly for birds 14R and 16R fol-
lowing a decrease in ratio size. (D) The intro-
duction of the novel (blue) SD resulted in a
marked increase in the switching behavior of
birds 14R and 16R. (E) The extinction of
food responding resulted in an early and
marked increase in switching behavior of 14R
and 16R. As extinction continued, however,
switching behavior disappeared completely as
food behavior was markedly weakened. (F)
There were no differential effects of the inde-
pendent variables on the dependent switching
variables. The switching frequency was posi-
tively correlated with the duration of time
spent in S.

Figure 1 illustrates two results representa-
tive of the above observations. The top cumu-
lative records show the effect of increasing
the ratio size on the switching behavior of
14R. The response pen reset at the end of a
fixed-ratio segment and was deflected below
the baseline by a switching response. Records
la, 2a, and 3a present the behavior in the
final three sessions on FR 50 and records 1 b,
2b, and 3b present the behavior in the initial
three sessions on FR 70. Switching frequency
increased with the introduction of the FR 70
condition, but began to decrease by the third
session. Only two switches occurred in the
three final sessions (both in 2a) on FR 50. The
lower records of Fig. 1 present similar data for
bird 16R for the two sessions prior to and the
two sessions following the introduction of the
novel (blue) SD.
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Fig. 1. Upper records: Cumulative records for bird 14R for three final sessions on FR 50 (left) and three
initial sessions on FR 70 (right). Lower records: Cumulative records for bird 16R for two final sessions on
FR 45 with the red SD (left) and two sessions on FR 45 with the blue (novel) SD (right). For all records the
response pen reset at the end of a ratio and was deflected below the baseline by a switching response.
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Fig. 2. Cumulative records for bird 14R for one session before and five sessions during extinction. Recon-
ditioning occurred during the fifth session. The arrows indicate the beginning of a session. The final arrow indi-
cates the onset of reconditioning.

Figure 2 presents similar records for bird
14R from the session before food extinction
and the five sessions of food extinction. Re-
conditioning (in the fifth session) is also
presented. During extinction, the ratio was
held together as a unit by using a ¼4 sec
magazine cycle (the bird could not obtain
food but did obtain the magazine light and
sound) to signal the end of a ratio run.
Switching responses were not emitted in the
session prior to extinction nor during the re-
conditioning period shown. During the first
extinction session 104 switching responses
were emitted. These occurred in groups of
two to ten or more responses and during the
pause prior to a fixed-ratio run. Switching
frequency diminished rapidly as extinction
continued and fell to zero as the food be-
havior was markedly weakened.

In general, under the conditions of these
preliminary investigations, birds lB, 2B, 14R,
and 16R had little disposition to "peck into
S5A". When birds 14R and 16R emitted switch-
ing responses, these generally occurred in
groups of 2, 4, or higher even numbers of re-
sponses. They rarely remained in SA for
extended periods of time even on the few oc-
casions when an odd number of switching re-
sponses occurred (1, 3, 5, etc) in a group.

The effects of large values of fixed-ratio.
After making the above observations, the ratio
was rapidly and progressively raised from
FR 100 to FR 550 for bird 14R and
from FR 100 to FR 3350 for bird lB.
Bird 14R remained on the free-switch-
ing procedure. Bird lB remained on the
minimum-duration procedure until the ratio
was raised to 2180 and then was put on the
free-switching procedure on which it re-
mained as the ratio continued to increase.
Throughout this phase of the experiment, a
daily session was terminated after 50 rein-
forcements or after a maximum of 12 hours
elapsed, whichever occurred first. Bird 14R
strained badly as the ratio increased and never
obtained more than 20 food reinforcements
when the ratio was above 300. Its switching
behavior was extremely variable throughout
this experiment and diminished markedly in
frequency when the ratio was above 300. (No
switching occurred at all in 20% of the ses-
sions when the ratio size was 100 to 300 and in
50% of the sessions when the ratio size was
320 to 550.)

Bird lB was able to meet the ratio re-
quirements remarkably well until the ratio
was above 3000. There was no appreciable
disposition for this S to switch throughout
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this experilnent in spite of the fact that it
was placed on the free-switching procedure at
FR 2180. (No switching occurred in 86% of
all these sessions.)

FINAL PROCEDURES
While the ratio was raised from FR 1730

to FR 3350 for bird lB, the ratio for bird 14R
was lowered from FR 550 to FR 70 and the
switching behavior of this S was again ex-
amined as a function of ratio size (FR 70,
120, or 170). After bird lB was removed from
the experiment (by illness probably related
to malnutrition), birds 14R, 16R, and 2B (the
latter two had not performed for five months)
were all run on FR 70 for food with the free-
switching procedure.
Throughout the rest of the experiment, all

Ss remained on the free-switching procedure.
The switching behavior was examined as a

function of the specific stimuli associated with
the SD and SA conditions. For the purpose of
summarizing the rest of the procedures and
results, the procedure used above (with re-

spect to the stimuli associated with SD and SA)
will be referred to as Procedure I. (In Pro-
cedure 1, the switching key always remained

green and the food key was red in SD and
white in SA.) Two other procedures were em-
ployed. In Procedure II, both the food key
and the switching key were red in SD and
both were white in SA. In Procedure III, both
the food key and the switching key were red
in SD. In SA both were white but in addition,
the house lights were turned off. The stimulus
changes involved in Procedure III were simi-
lar to those employed by Azrin (1961).
Throughout this part of the experiment, a

daily session was terminated after 70 rein-
forcements were obtained or occasionally
when low rates of responding extended an
experimental session beyond the available ap-
paratus time. Under both Procedure II and
Procedure III, several ratio sizes were pro-

grammed.

RESULTS OF FINAL PROCEDURES
Table 1 presents the order of the specific

experimental manipulations for each S, to-
gether with the number of sessions run on
each condition and the experimental results.
Table 1 shows the following. (A) The per-
centage of sessions in which no switching re-
sponses occurred, markedly decreased from

ble 1

Summary of experimental conditions and results

BIRD 14R

Number of Median Median
PROCEDURE Sessions Median SA Number of Food Rate
(SA conditions) FR Value A B Duration Switches R's/min

70 5 5 0 0 111
120 13 6 1.2 0.36 88

I 170 5 3 0 0 58
Food Key 120 5 5 0 0 62

White in SA 70 5 3 0 0 109
120 8 2 0.69 0.003 37
170 6 5 0 0 22
70 6 5 0 0 50

70 19 1 10.5 0.41 46
II 70* 11 - - - 55

Food and 70 7 0 8.5 0.58 66
Switch Keys 120 8 2 3.0 0.60 26
White in SA 70 5 3 0 0 65

120 10 2 4.0 0.10 37
70 5 2 1.1 0.12 55

III
Food and Switch 70 7 0 23.2 1.14 79
Keys White and 100 7 0 10.9 0.66 47
House Lights 130 7 0 10.5 1.65 40
Out in SA 160 7 1 7.3 1.00 23
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BIRD 16R

Number of Median Median
PROCEDURE Sessions Median SA Number of Food Rate
(SA conditions) FR Value A B Duration Switches R's/min

I
Food Key

White in SI 70 12 7 0 0 92

70 17 2 9.8 0.12 67
II 70*0 8 - - - 60

Food and 70 7 0 16.9 0.15 81
Switch Keys 120 14 3 10.7 0.34 47
White in SI 170 8 1 18.4 1.40 27

70 5 2 3.0 0.64 105

III
Food and Switch 70 7 0 28.6 2.40 95
Keys White and 100 7 0 46.6 19.1 41
House Lights 130 7 0 17.9 5.5 20
Out in SA 160 7 0 10.9 1.8 15

BIRD 2B

Number of Median Median
PROCEDURE Sessions Median SA Number of Food Rate
(SA conditions) FR Value A B Duration Switches R's/min

I
Food Key

White in SI 70 7 6 0 0 85

70 14 0 17.8 0.13 118
II 120 5 1 7.4 0.07 88

Food and 70 7 1 4.4 0.08 77
Switch Keys 120 16 4 2.0 0.13 45
White in SA 170 7 3 0.7 0.002 17

70 5 5 0 0 120

III
Food and Switch 70 7 0 17.9 2.30 104
Keys White and 100 7 0 8.2 0.22 81
House Lights 130 7 1 13.1 1.90 65
Out in SA 160 7 0 10.8 0.99 15

A-Number of sessions run
B-Number of sessions in which no switching behavior occurred
*-per hour of SD time

*-switch key was covered

the Procedure I sessions to the Procedure I1
sessions (bird 14R), and from the Procedure II
sessions to the Procedure III sessions (all
birds). (B) Switching behavior (as indexed by
both the median number of switches per hour
of SD time and by the median duration of SA
time per hour of SD time) increased from Pro-
cedure I to Procedure II to Procedure III. (C)
Switching behavior increased significantly in
all instances in which the FR size was held con-
stant at FR 70 and the procedure was changed
(Procedure I, FR 70 to Procedure II, FR 70
and Procedure II, FR 70 to Procedure III,
FR 70). (D) Again in these experiments, there

was no monotonic relationship between FR
size and switching behavior in spite of the ob-
vious negative correlation between FR size
and food rate.
As shown in Table 1, the switch key was

covered as one of the experimental manipula-
tions. This was also done earlier (though not
mentioned) in the experiment. No consistent
or significant effects were observed as a result
of this manipulation.

Figure 3 demonstrates the sudden change
in switching behavior that occurred when the
house lights were turned off in the SA con-
dition (transition from Procedure 1I FR 70
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Fig. 3. Cumulative records for birds 14R, 16R, and 2B on FR 70 from the last session on Procedure II (left)
and the initial session on Procedure III (right). The baseline pen was held down while the birds were in SA.

to Procedure III FR 70). The cumulative
records for all Ss from the last session on
Procedure II are presented on the left and
from the first session on Procedure III are pre-
sented on the right. For these records, the
event pen was held down while the birds were
in SA. Switching responses characteristically
occurred in groups during a pause prior to
a fixed-ratio run as at a, b, and c. At times,
however, and especially characteristic of the
results obtained with Procedure III, the Ss
responded once on the switching key and re-
mained in SA for periods of 1 min or more
as at d, e, and f.

DISCUSSION
Switching behavior was examined as a

function of:
Ratio size. There was no monotonic rela-

tionship between ratio size and switching be-
havior obtained in this set of studies. There
were, however, several suggested second-order
effects. When food behavior was extinguished,
the switching behavior was markedly dimin-
ished or eliminated as the food behavior be-
came extremely weak. When food behavior
was extremely weak under conditions of high
ratio values (bird 14R, FR 300 to 550) the ten-
dency to switch was markedly lowered. When
on the other hand, a ratio value was lowered
from a moderate value to a lower value, the
tendency to switch was also usually markedly
lowered.

The degree of subject control over the re-
moval of SA. The tendency to switch as meas-
ured by the percentage of sessions in which at
least one switching response occurred was far
lower for the two Ss (lB and 2B) on the mini-
mum-duration procedure than the two Ss
(14R and 16R) on the free-switching pro-
cedure.

Introduction of a novel stimulus as the SD.
A marked increase in switching behavior oc-
curred with the introduction of the novel
stimulus.
The stimuli associated with the SD and SA

conditions. All measures of switching behavior
increased and switching behavior occurred
more consistently from session to session as the
degree of stimulus change (SD to SA) increased.

It must be emphasized that the experi-
mental conditions employed in these studies
were markedly different from those employed
by Azrin (1961). The condition closest to that
used by Azrin was Procedure III, but even
here there were probably critical differences.
Azrin terminated every daily session after a
maximum of 1 hr. In the present study, Ss
usually ran until they obtained a given num-
ber of reinforcements. The session time, there-
fore, varied as a function of both the experi-
mental conditions and the resulting behavior
of the Ss.
These differences might account for differ-

ences in the obtained results. (The different
session times necessitated an analysis based
upon number of switches and the SA duration
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per hour of SD time.) Furthermore, the results
obtained under all stimulus conditions except
those of Procedure III are even less relevant
to the results obtained by Azrin. In ad-
dition, we examined, in survey fashion,
many different variables and therefore Ss
were given past histories differing widely from
those of Azrin's Ss. Finally, the range and
order of presentation of ratio values was
different for the different Ss and were
usually (except for the Procedure III con-
dition) unsystematically programmed while
Azrin programmed a specific increasing series
of ratio values for all his subjects.
The large number of variables which in-

fluence switching behavior makes it difficult
to interpret switching responses as being re-
inforced because they remove the animal from
an aversive schedule of reinforcement.
Furthermore some of the present data (large
ratio values, extinction) suggest that when
the food schedule should be most aversive,
there was little disposition on the part of our
subjects to switch. In addition to this, the
early data obtained from Ss on the free-switch-
ing procedure indicates that Ss were not
usually "switching into SA", but rather simply
pecking on the switching key in groups of 2,
4 responses, etc. These bursts almost always
involved an even rather than an odd number
of responses and, therefore, Ss were usually in
SD -after emitting such responses. In addition to
this, Ss on the minimum-duration procedure
(that could not reinstate the SD conditions by
a second peck on the switching key) seldom
pecked at the switching key. The introduction
of the Procedure III conditions (most like
those of Azrin) resulted, however, in a greater
frequency of the emission of odd number of
switching responses and therefore in larger
durations of time spent in SA. Although the SA
duration was not directly a function of ratio
size even under these conditions, it was higher
in all Procedure III conditions, than in the
other conditions.
The results can not be simply interpreted,

but apparently stimulus change, per se, has
much influence on the tendency for Ss to
switch. Some recent results of Appel (1963)
may bear on this issue. Appel utilized a pro-
cedure similar to Azrin's and found that while
switching frequency increased with ratio size
from FR 80 to FR 240, time spent in SA was

not a function of ratio size. We did not ob-
tain the former results but again Appel's
subjects (like Azrin's) were run for maximum
daily session durations of 1 hr. Appel also
examined switching behavior when this be-
havior resulted in a stimulus change but did
not result in SA conditions. (His subjects could
obtain food at all times.) Under these con-
ditions, both switching frequency and SA
duration increased with ratio size. Appel
stated that "stimulus change appears to be
a sufficient explanation for the occurrence of
the initial" switching key response. He further
suggested, however, that the behavior on both
keys may be related and that aversive aspects
of higher-valued ratio schedules might account
for the increase in responding on the switching
key with an increase in ratio size. Present data
(obtained under markedly different condi-
tions) did not show any direct relationship be-
tween switching behavior and ratio size. It
did indicate, however, the involvement of
stimulus change.
The acceptance of a hypothesis which states

that switching behavior is reinforced because
it removes a subject from an aversive con-
dition would depend upon independent
measurements of the aversiveness of schedules
in which, for example, an avoidance response
is maintained by preventing a shift from one
schedule to another. Only a correlation be-
tween switching behavior and such direct
measurement of "aversiveness" could establish
that escape from a positive schedule of rein-
forcement to extinction was reinforcing.

It seems possible that the switching be-
havior could represent temporary losses of
control by the schedule of food reinforcement.
Such losses of control could occur as a result
of many conditions involving instability of the
food reinforced behavior and would result in
relatively weak behavior (switching) which is
occurring because of a temporary disruption in
the food maintained behavior.
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