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Behavioral Competition: A Mechanism for Schedule Interactions

Abstract. Rats pressing a lever for food reinforcement showed large positive-con-
trast effects when provided with the opportunity for a competing wheel-running re-
sponse. Positive and negative behavioral contrast may reflect reallocation of com-
peting interim and terminal responses between schedule components following
changes in the reinforcement conditions in one component.

The level of operant behavior that a
given rate of reinforcement will maintain
in a given situation is usually affected by
the amount of reinforcement obtained in
other situations. A much-studied ex-
ample of this dependence is behavioral
contrast (/, 2). The standard demonstra-
tion of contrast involves food-reinforced
key-pecking by pigeons at two distinct
visual stimuli presented in alternation
(multiple schedule). If reinforcement for
pecking at one stimulus (the changed
component) is discontinued, responding
to the other (the unchanged component)
usually increases (positive behavioral
contrast). Conversely, if pecking at one
stimulus is reinforced more frequently,
rate of responding to the other (un-
changed) stimulus decreases (negative
behavioral contrast).

The necessary and sufficient condi-
tions for contrast have not yet been fully
defined. The best generalization is that
contrast results from changes in relative
reinforcement rate (2). In recent years,
several interpretations of contrast have
been offered that depend upon the phe-
nomenon of autoshaping: the elicitation,
presumably by mechanisms related to
Pavlovian conditioning, of food-related
behaviors (specifically key-pecking by
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pigeons) in the presence of, and often di-
rected at, stimuli that predict food (2-4).
For example, Staddon (3) proposed that
key-peck contrast results because peck-
ing is an induced terminal response that
typically occurs in the presence of stimu-
li that predict food. The stimulus in the
unchanged component of a multiple vari-
able-interval schedule is made more pre-
dictive when food delivery in the
changed component is abolished. Hence
pecking is likely to be facilitated (posi-
tive contrast). Conversely, if an instru-
mental response incompatible with peck-
ing (such as treadle-pressing) is chosen,
the facilitation of pecking by the contrast
manipulation may interfere with the in-
strumental response, yielding a decrease
in response rate (negative induction).
These and other predictions of what has
come to be termed ‘‘additivity theory’’
have been generally confirmed, and the
adequacy of the contrast manipulation to
produce autoshaping has been indepen-
dently demonstrated (2, 5).

Despite these successes, additivity
theory has its limitations. For example,
it offers no straightforward account of
negative contrast. Moreover, recent
demonstrations have shown that it is
possible to obtain positive contrast with
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responses such as treadle-pressing by pi-
geons and bar-pressing by rats that are
not in any sense induced by food-related
stimuli 6, 7).

There is a commonsensical mecha-
nism that may contribute to contrast ef-
fects, which seems to have escaped at-
tention despite its simplicity. It relates to
constraints imposed by limitations of
time on the animal’s ability to engage in
different activities. In any periodic-food
situation it is possible to identifiy two
mutually exclusive classes of activity,
one class related to food reinforcement
(terminal responses) and a comple-
mentary class (interim responses) (8, 9).
There is evidence that interim and termi-
nal responses compete for the available
time; the most obvious is the observation
that an enforced decrease in one class of
activities usually leads to an increase in
the level of the other.

Behavioral competition sets the stage
for behavioral contrast in the standard
two-component procedure. In the first
(prediscrimination) condition, with equal
reinforcement in both components, in-
terim activities compete with terminal
responses in both components, leading
to an intermediate level of terminal re-
sponding in both. In the second (discrim-
ination) condition, however, there will
be no terminal responding in the changed
component, as a result of the absence of
reinforcement; hence interim responding
is free to increase. With this reallocation
of interim activity into the changed com-
ponent, the level of interim activity in
the unchanged component is likely to de-
crease, reducing its inhibitory effect on
the measured (terminal) response. This
results in disinhibition of terminal re-
sponses in the unchanged component,
thus producing positive behavioral con-
trast. A similar, symmetrical account
can be offered for negative contrast: an
increase in reinforcement rate in the
changed component increases instru-
mental responding in that component,
thus displacing interim activities into the
unchanged component and depressing
instrumental responding there (10, /1).

We now describe a simple test of this
theory using the standard contrast para-
digm and an instrumental response, bar-
pressing by rats, that has shown equivo-
cal contrast in previous reports (2, 5-7).
The key difference between this experi-
ment and others is the explicit manipula-
tion of opportunities for an interim activ-
ity (wheel-running) that is incompatible
with reinforcement-related (terminal) ac-
tivity.

Subjects were four male albino rats,
approximately 120 days old, maintained
on freely available food and 23.5 hours of
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water deprivation. Reinforcement was
access for 3 seconds to a 1-ml mixture of
equal parts of evaporated milk and wa-
ter. Experimental sessions were con-
ductzd in a standard Skinner box mea-
suring 29 by 24 by 17 (high) cm. At one
end was a running wheel approximately
20 cm in radius, at the other a response
bar, dipper feeder, and two 6-W stimu-
lus lights. Each 40-minute session con-
sisted of two alternating, 1-minute com-
ponents, signaled by one or the other
stimulus light.

After preliminary bar-press shaping,
with access to the wheel blocked, the fol-
lowing experimental conditions were im-
posed. In condition 1 (prediscrimina-
tion), rats 1 and 2, with access to the
wheel, and rats 3 and 4, with no access to
the wheel, were exposed to a multiple
variable-interval 60 seconds, variable-in-
terval 60 -seconds (mult VI 60 VI 60)
schedule of bar-pressing for milk rein-
forcement. In condition 2 (discrimina-
tion), the schedule was changed to a mul-
tiple variable-interval 60 seconds, ex-
tinction (mult VI 60 Ext) schedule.
Condition 3 was a return to the mult VI
60 VI 60 of condition 1. After responding
stabilized in condition 3, conditions 1
and 2 were repeated, with animals inter-
changed. Thus each rat was exposed to
all four conditions (wheel present or ab-
sent and mult VI VI or mult VI Ext).

The pattern of results was the same for
all animals (Fig. 1). Comparison of bar-
pressing in mult VI Ext with and without
the wheel available reveals striking dif-
ferences. With no wheel, there was only
modest positive contrast: an average in-
crease in bar-pressing of approximately
19 percent in the unchanged component.
Bar-pressing persisted at a moderate lev-
el in the changed component. With the
wheel available, however, all animals
showed robust positive contrast: an av-
erage increase of approximately 145 per-
cent. Bar-pressing in the changed com-
ponent decreased to a low level. Con-
comitantly, wheel-running in the un-
changed component decreased dramat-
ically as it increased in the changed
component.

The rate of bar-pressing was lower
when the running wheel was available
than when it was not (Table 1). The ex-
tent of contrast was directly related to
the degree of suppression of bar-pressing
by the introduction of the wheel: those
animals showing greatest suppression
(compare columns 2 and 3) also showing
the largest contrast effects (compare col-
umns 2 and 4).

These results support the response-
competition hypothesis. The lower bar-
press rate in the prediscrimination (mult
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Table 1. Prediscrimination (mult VI-VI) bar
presses per minute in the unchanged com-
ponent with and without the running wheel
available (left columns); and rate of bar-press-
ing during discrimination (mult VI Ext) with
and without the wheel (right columns). Data
are averages of 5 days of stable performance
for each individual animal.

Prediscrimination Discrimination
Rat

Wheel No wheel Wheel No wheel
1 5 23 19 30
2 11 20 25 24
3 12 21 28 25
4 25 32 35 34

VI VI) condition with the wheel avail-
able indicates competition between
wheel-running and bar-pressing. The in-
crease in wheel-running in the changed
component in the discrimination condi-
tion, and the concomitant decrease in
wheel-running in the unchanged com-
ponent, indicate that the animals real-
located the measured interim activity in
the predicted way. The large positive
contrast effect in the wheel-available
condition was due to a lower rate in the

unchanged component in the predis- "

crimination phase rather than to a higher
rate in the discrimination phase; this
result is consistent with a disinhibi-
tion interpretation, as is the covariation
between contrast and suppression ef-
fects (Table 1).

The competition hypothesis accounts
for reported difficulties in obtaining large
contrast effects with rats and a lever-
press response. In periodic food situa-
tions, pigeons show vigorous interim ac-
tivities such as pacing, head-turning, and
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Fig. 1. Mean daily rates of bar-pressing (solid
line) and wheel-turning (open circles) for the
four animals in the changed and unchanged
components in each of the four conditions.

wing-flapping that compete with the in-
strumental (terminal) response of peck-
ing (/11). However, in similar situations,
in the absence of appropriate supporting
stimuli such as a running wheel, a water
bottle, or objects to chew or sand to dig
in, rats show much less interim activity
(12). Past contrast experiments with rats
have not provided such stimuli, so that
only small contrast effects (comparable
to those in our no-wheel condition) are to
be expected.

Contrast effects with food-reinforced
instrumental responses that are not bio-
logically related to food (such as treadle-
pushing by pigeons) may also be smaller
because such responses tend to occur at
a relatively low rate and hence compete
less with interim activities than do food-
related instrumental responses (such as
key-pecking), which typically occur at
high rates. Unlike additivity theory, the
response-competition hypothesis does
not preclude contrast with such nonelic-
ited responses.

Several experiments have shown little
or no contrast (even with pigeons and a
pecking response) if the changed com-
ponent is shifted to a free-food variable-
time (VT) schedule, rather than to ex-
tinction (no food). This might seem sur-
prising, since pecking is reduced by the
VT schedule, and experiments have
shown that the stimulus associated with
the VT component has inhibitory proper-
ties (that is, a suppressive effect on the
instrumental response) (6, /3). However,
VT schedules induce terminal (and inter-
im) responses that are as vigorous as
those produced by response-contingent
(VI) schedules, although they may differ
topographically (/7). Hence a shift from
VIto VT in the changed component does
not permit the animal to reallocate inter-
im responses from the unchanged to the
changed component. Consequently, no
disinhibitory increase in the terminal (in-
strumental) response in the unchanged
component is to be expected. The inhib-
itory property of the VT stimulus is ex-
plained by competition between the ter-
minal response induced in the VT com-
ponent, which is under the control of the
VT stimulus, and the terminal (instru-
mental) response in the VI component,
which is under the control of the VI stim-
ulus. Moreover, this inhibitory effect is
likely to be less than that produced under
comparable conditions by the stimulus
associated with extinction in the changed
component [compare with (6, /3)] be-
cause the VT terminal response and the
VI terminal (instrumental) response are
likely to share common elements, since
both are food-related (/4).

Contrast has sometimes been inter-
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preted as due to a ‘‘change for the
worse’’ in the changed component, to a
change in relative value (15). Our results
are not consistent with this hypothesis
since, if wheel-running has any value at
all for the animal, the change from VI to
Ext in the changed component will entail
a smaller reduction in the value of that
component with the wheel available than
without. )

The relation between the response-
competition hypothesis and additivity
theory is not yet clear. Both involve
competition: between interim and termi-
nal responses in the first case, between
incompatible instrumental and induced
terminal (Pavlovian) responses in the
second. The induction of Pavlovian ter-
minal responses by contrast manipula-
tions, however, may itself be attributable
(wholly or in part) to reallocation of ter-
minal and interim behaviors between the
two schedule components according to
the mechanisms here described.

JoHN M. HiNsON
J. E. R. STADDON
Department of Psychology,
Duke University,
Durham, North Carolina 27706
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Emotions Are Expressed More Intensely on the

Left Side of the Face

Abstract. Pictures of human faces posing six distinct emotions (plus a neutral
expression) and their mitror reversals were split down the midlines, and left-side and
right-side composites were constructed. Subjects judged left-side composites as ex-
pressing emotions more intensely than right-side composites. The finding indicates
hemispheric asymmetry in the control over emotional expression in the face.

Anecdotal and experimental evidence
has suggested that the left and right sides
of the face are physiognomically asym-
metrical (/). On the basis of case studies,
Wolff (/, 2) proposed that the right side
of the face is consciously expressive and
“‘public,”” while the left side of the face is
more inhibited and ‘‘private.”” Further-
more, Wolff claimed that the right side of
the face is perceived as more similar to
the whole face than the left side is. Al-
though the first proposition has never
been examined experimentally, the sec-
ond has (3, 4). In such studies the proce-
dure has been to split photographs of a
full face and its mirror reversal down the
midline to construct composite photo-
graphs of the face, one made up of the

U

Fig. 1. (A) Left-side composite, (B) original (/9), and (C) right-side composite of the same face.

The face is expressing disgust.
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left side and one made up of the right
(Fig. 1).

Generally, the right-side composite
face is judged more similar to the original
face than the left-side composite ).
However, these studies failed to obtain
judgments of the similarity of the com-
posites to a mirror reversal of the origi-
nal face. Gilbert and Bakan (3) demon-
strated that when this condition is in-
cluded, subjects judge whichever side of
the face appearing more to their left to be
more similar to the whole face than
whichever side appears more to their
right. They concluded that judgments of
facial asymmetry in expression are de-
termined by biases of the perceiver
rather than by asymmetry in actual ex-
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