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BEHAVIORAL CONTRAST OF
TIME ALLOCATION1
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Pigeons' standing on a platform produced food reinforcement according to two-component
multiple schedules in which either both components consisted of the same variable-interval
schedule or one of these was replaced with a component without reinforcement (extinc-
tion). The components of the multiple schedule alternated every 30 sec, and were signalled
by changes in the color of diffuse overhead illumination. Changing the schedule of one of
the components to extinction increased the percentage of time spent on the platform dur-
ing the unchanged component (behavioral contrast). This result casts doubt on accounts
that attribute behavioral contrast to variations in the rate of noninstrumental elicited
r-esponses.
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Behavior during one of the components of
a multiple schedule has often been found to
depend not only on the schedule of reinforce-
ment associated with that component but also
on the schedule of reinforcement associated
with the other component. Behavioral con-
trast is an inverse relation between response
frequency in an unchanged component and
reinforcement value in the other component
(Herrnstein, 1970; Reynolds, 1961). The
strength of this relation appears to depend
on a number of factors, including the dura-
tion of the components (Shimp and Wheatley,
1971; Todorov, 1972), the nature of the re-
sponse (Westbrook, 1973), and the species
under study (Rachlin, 1973). Herrnstein (1970)
argued that interactions in concurrent and in
multiple schedules result from the same
process: sensitivity of responding to the rela-
tive, rather than absolute rate of reinforce-
ment. He proposed the following equation as
a description of these interactions:

KRA (1)
RA +mRB + (1)

where PA is rate of responding in component
A, RA and RB are rates of reinforcement in
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components A and B, Ro is rate of reinforce-
ment from all unprogrammed sources, K is a
parameter that depends on the units of mea-
surement, and m is a parameter representing
the (legree of interaction between components.
In concllrrenit schedules, where the two alter-
native sources of reinforcement are simulta-
neously available, m equals 1; the relative rate
of respondling matclhes the relative rate of rein-
forcement. In multiple schedules, where the
two alternative sources of reinforcement are
successively available, m can have any value
within the range of 0.0 to 1.0. Since at the
moment of transition between components the
effect of the previous source of reinforcement
is larger than at any other moment (e.g., Nevin
an(l Shettleworth, 1966), Herrnstein predicts
that, other factors being equal, the shorter the
components, the stronger the interaction and
the closer will the relative rate of responding
match relative rate of reinforcement. Shimp
and Wheatley (1971) and Todorov (1972) con-
firmed this prediction. Aside from this pre-
diction, however, Herrnstein's formulation
specifies none of the conditions that produce
interaction in multiple schedules. It specifies

author was partially supported by a fellowship from
the Mexican National Council of Science and Tech-
nology. Reprints may be obtained from William M.
Baum, National Institute of Mental Health, Building
110-NIHAC, 9000 Rockville Pike, Bethesda, Maryland
20014.

179

1976, 25, 179-184 NUMBER 2 (MARCH)



ARTURO BOUZAS and WILLIAM M. BAUM

only that once a particular value of m has
been set, interaction will follow Equation 1.

Rachlin (1973) presented an alternative
account of the relation of multiple to concur-
rent schedules of reinforcement. He proposed
that the interactions produced by the two
types of schedule, although superficially simi-
lar, arise from different underlying processes.
Interaction in multiple schedules, according
to Rachlin, results from responses elicited by
the transition from a stimulus associated with
a low reinforcement value to one associated
with a higher reinforcement value. If these
elicited responses have a topography similar
to the responses producing reinforcement, re-
sponse rate will increase (behavioral contrast).
If, on the other hand, the responses differ in
topography, the instrumental response will de-
crease (induction). Interaction in concurrent
schedules, according to Rachlin, results from
allc_ation of time spent at each alternative in
such a way that the reinforcement values as-
sociated with them become equal. For exam-
ple, if two concurrent components differ in
rate of reinforcement, spending time at them
in the same ratio as the ratio of the rates of
reinforcement equates the rates of reinforce-
ment per time spent.

Rachlin supports his position with two ob-
servations. First, interactions in concurrent
schedules have been replicated under a great
variety of conditions (de Villiers, in press),
whereas interactions in multiple schedules ap-
pear less general. Second, only those combina-
tions of stimulus and response that produce
autoshaping with response-independent food
reliably produced behavioral contrast with
response-independent food (e.g., Keller, 1974;
Schwartz, 1975).
There are two possible ways to test this

view of behavioral contrast. One can study
interactions in multiple schedules with dis-
criminative stimuli known to elicit no re-
sponse topographically similar to the instru-
mental response. Alternatively, one can study
time allocation, instead of discrete responses,
to avoid possible interaction or summation of
discrete responses. The present study com-
bined these two strategies. Standing on a
platform was reinforced in multiple schedules
with components signalled by changes in dif-
fuse overhead illumination. The use of
changes in diffuse illumination makes it un-
likely that any contrast observed could be at-

tributed to directed autoshaped pecks. A non-
specific instrumental response like standing on
a platform should escape summation with
specific elicited responses.

METHOD

Subjects
Three White Carneaux pigeons with pre-

vious experimental experience in a variety of
procedures involving key pecking were kept at
approximately 80% of their free-feeding body
weights.

Apparatus
The experimental space measured 152 cm

long and wide by 49.5 cm high. It was en-
closed in a plywood box lined with white
composition board (Celotex). The floor con-
sisted of sheet aluminum with holes punched
in it. A 23-cm by 23-cm platform was located
adjacent to the center of one wall at floor
level. The platform was composed of a wire
grid. When depressed, it operated micro-
switches that allowed recording of time spent
on it. An aluminum panel the same width as
the platform and 29 cm high, mounted on the
wall in front of it, contained a round hole, 5
cm in diameter, its center 11 cm from the floor
and in line with the center of the platform.
Through this hole, a magazine (Lehigh Valley
Electronics) containing mixed grain could be
made available. Two 28-V dc light bulbs were
mounted above the hole, 27 cm from the floor.
Two 25-W ac light bulbs, one red and one
green, were mounted on the ceiling, each 7.5
cm (center distance) from the midline and 15
cm (center distance) from the wall containing
the grain magazine. Their ends were 39 cm
from the floor. A loudspeaker on the ceiling
provided white noise for masking extraneous
sounds.

Events were arranged and recorded with
electromechanical equipment located in the
same room as the experimental chamber.

Procedure
Initial training consisted in frequent pre-

sentation of grain, at first independent of be-
havior, and then only when the pigeon was
standing on the platform. Neither the red nor
the green stimulus light was on. After the
pigeons were eating regularly from the maga-
zine and standing on the platform most of the
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time, they were switched to the first condition
shown in Table 1: a multiple variable-interval
variable-interval schedule, in which the red
light was on during one component and the
green light was on during the other. As long
as the bird stood on the platform, the two
small lights above the food magazine were lit,
and reinforcement-3-sec access to grain-if
available, was delivered according to the var-
iable-interval (VI) schedule. During prelimi-
nary training, a schedule was selected for each
animal that was lean enough to allow contrast
to occur (i.e., to avoid a "ceiling" effect), but
rich enough to maintain stable performance.
For Birds 44 and 60, the schedule was VI 8-
min; for Bird 127, it was VI 4-min. The in-
tervals were drawn from the progression sug-
gested by Fleshler and Hoffman (1962).
The pigeons were exposed to the sequence

of multiple schedules shown in Table 1. When
the VI schedule operated in both components,
the same programmer scheduled reinforcement
in both components. If extinction was in force
in a component, the programmer stopped dur-
ing that component, and reinforcement was
prevented. When operating, the programmer
advanced until reinforcement was scheduled,
regardless of whether the pigeon was on the
platform or not. Once a reinforcement was
scheduled, the programmer stopped until it
had been delivered. A changeover delay (COD)
prevented reinforcement for 1.5 sec after the
bird stepped onto the platform.
The components alternated every 30 sec. A

session ended after 120 components had been
presented. Sessions were run daily.

RESULTS
Figure 1 shows for each pigeon the percent-

age of time spent on the platform for each
component. For all birds, the percentage of
time spent on the platform during the un-
changed component of the multiple schedule
increased when the schedule associated with
the otlher component was changed to extinc-
tion. This result was replicated with both the
red and the green lights as the signals asso-
ciated with the unchanged component. The
magnitude of the positive behavioral contrast
varied within a range of 20% to 30% absolute
increase in the percentage of time on the
platform, and was of about the same magni-
tude as the decrease in the percentage of time

Table 1

Order of conditions and number of sessions each con-
dition lasted.

Multiple
Schedule Sessions

Components Bird Bird Bird

Red Green 127 44 60

VI* VI* 28 82 82
EXT VI* 35 34 35
VI* VI* 67 44 63
VI* EXT 40 40 40

*VI 4-min for Bird 127; VI 8-min for Birds 44 and
60.

on the platform during the component asso-
ciated with extinction.
The left panels of Figure 2 show for each

pigeon the mean rate of platform depression
for each component during the last five ses-
sions of each condition. It was calculated by
dividing the number of depressions by the to-
tal time that the pigeon was off the platform.
The reciprocal of this measure represents the
latency of the platform depressions. The right
panels show for the same sessions and for each
component the mean time in minutes spent
on the platform each time it was depressed.
These two measures were related to behav-

ioral contrast in a different way for each pi-
geon. For Bird 127, behavioral contrast was
a consequence of an increase in the time on
the platform associated with each depression,
whereas for Bird 44 it resulted from an in-
crease in the rate of platform depression. A
combination of these two patterns accounts
for the behavioral contrast observed in Bird
60.

DISCUSSION
These results indicate that time allocation

can follow the same pattern of behavioral con-
trast in multiple schedules as does the rate of
key pecking. Just as behavioral contrast with
pecking can be compared to distribution of
pecking between concurrent VI schedules
(Herrnstein, 1970), the behavioral contrast of
time allocation here can be compared to time
allocation between concurrent VI schedules
(Baum and Rachlin, 1969). In both compari-
sons, both behavioral contrast and reinforce-
ment matching can be attributed to the same
sensitivity to relative rate of reinforcement
(Equation 1).
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69 79 59 99 109 119 129 136 146 156 166

Sessions
Fig. 1. Day-by-day percentage of time spent on the platform in each component of the various multiple sched-

ules. Each row shows data for one pigeon. The internal labels always give the schedule prevailing in red first; e.g.,

"EXT VI" means that extinction was in force in red, variable interval in green.

Taken at face value, the results disconfirm
Rachlin's (1973) notion that relative rein-
forcement affects behavior in concurrent and
multiple schedules through two different mech-
anisms. One could postulate unobserved peck-
ing at the stimulus lights or something in their
vicinity. The behavioral contrast obtained
would result from the birds' stepping onto the
platform in order to peck. Occasional observa-
tion produced no evidence that the pigeons
were pecking at the stimulus lights. Some other
response, however, could be substituted for
the sake of argument. Although such reasoning
miight explain the results, it extends Rachlin's
hypothesis to the point where it approaches ir-
refutability.
The results presented in Figure 2 indicate

that the contingencies of the present experi-
ment produced different response patterns for
the three pigeons. Only Bird 44 produced a

constant average duration of pressing the plat-
form that could be construed as a discrete
response like a lever press or key peck. As in
other experiments on multiple schedules with
discrete responses, contrast for Bird 44 re-

sulted from an increase in response rate. Bird
127, on the other hand, produced a pattern
consistent with characterizing standing on a

platform as a continuous activity: contrast re-

sulted from an increase in average duration of
standing on the platform, with no effect on

rate of platform pressing. That the two birds'
disparate activity patterns both produced be-
havioral contrast further reduces the proba-
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Response rate Response durotion

c%._

0

Fig. 2. Rate of platform depression (left panel) and
average time in minutes spent on the platform each
time it was depressed (right panel), averaged over the
last five days of each condition. Each panel shows data
for one pigeon.

bility that the increase in the time standing on
the platform was only a byproduct of elicited
responding.
There is at least one difference between the

results presented in Figure 1 and those ob-
tained when key pecking is reinforced ac-

cording to a mult VI EXT schedule and the
discriminative stimuli are displayed on the
instrumental key. In the latter experiments,
key pecking virtually vanishes during the com-

ponent associated with extinction, whereas in
the present experiment, the time spent on the
platform decreased only slightly. It may be
more difficult to establish stimulus control
with diffuse stimuli than with localized stim-
uli. Alternatively, the failure to eliminate
responding may have been due to the low cost
of standing on the platform. The leanness of
the VI schedules needed to reduce the percent-
age of time spent standing on the platform be-

low 100% supports this view. Finally, in the
absence of a timeout between components, it
was possible for standing on the platform dur-
ing the extinction component to be acciden-
tally reinforced by a reinforcer presented at
the beginning of the unchanged component.
The present results are at odds with the

failure to find contrast when treadle pressing
replaced key pecking (Hemmes, 1973; West-
brook, 1973). In view of the report by Speal-
nan and Gollub (1974) that there is a larger
contrast in key pecking when a small, rather
than a larger, reinforcement density is associ-
ated with the multiple schedule, it is possible
that the discrepancy may have resulted from
our use of very lean schedules instead of the
relatively rich schedules (VI 1-min) used by
Hemmes and by Westbrook. If so, this would
imply that the reinforcement density critical
to produce contrast depends on the topography
of the response. This conclusion remains un-
certain, however, due to the ambiguity of the
results presented by Hemmes and by West-
brook. In Westbrook's experiment, there was
little evidence that the pigeons discriminated
between the two components of the multiple
schedule; in Hemmes's experiment, the phase
associated with a mult VI EXT schedule was
studied for only 10 days. In the present experi-
mnent, more than 20 sessions were required
before contrast was observed. Topographical
changes in the response under study render
Westbrook's (1973) results still more ambigu-
ous. He recorded the duration of each treadle
press in addition to its frequency, and found
for all pigeons an increase in response dura-
tion after the transition to extinction. The
increase in response duration was larger dur-
ing the unchanged than the extinction com-
ponent, suggesting that response duration was
a more sensitive index of the changes in the
relative rate of reinforcement. The change in
the topography of the response makes it im-
possible to evaluate the failure to obtain con-
trast in the count of microswitch closures.
In a related experiment, Scull and West-

brook (1973) also failed to obtain contrast in
pigeons on a two-component multiple sched-
ule with a different instrumental response-
key pecking or lever pressing-associated with
each component. Neither of the two responses
increased in frequency during the extinction
of the other. On the other hand, contrast ap-
peared when the same response was associated
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with both components. Equation 1 can accom-
modate these findings if it is assumed that the
constant m (degree of component interaction)
varies along a dimension of response similarity.
These findings are damaging for the elicitation
theory of contrast, because they suggest that
a keylight associated with reinforcement in
alternation with a period of extinction is not
a sufficient condition for behavioral contrast
of pecking.
In conclusion, the present results suggest

that interactions in multiple schedules are not
due to elicited responding, but rather are due
to the influence of relative value on respond-
ing.
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