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Component transition and anticipatory contrast

BEN A. WILLIAMS
University of California, San Diego, La Jolla, California

Previous research has demonstrated that contrast effects in multiple schedules occur because
of variation in the reinforcement rate following the target components (anticipatory contrast).
The present study assessed whether the contingency for transition to the following schedule was
an important variable, on the premise that the discriminative cue for the followingschedule should
be a conditioned reinforcer that should suppress behavior when presented on a response
independent basis. Strong contrast effects occurred even when the transition to the following
schedule was response dependent, and these effects were comparable to those normally obtained
with response-independent transitions.

Several studies, using both response-dependent (Wil
liams, 1976a, 1979, 1981; Williams & Wixted, 1986;
Wilton & Gay, 1969) and response-independent (Farley ,
1980; Williams, 1976b) schedules have demonstrated that
a major portion of the contrast effect in a multiple sched
ule is produced by variation in the reinforcement rate fol
lowing a target component. Moreover, other investiga
tors , using procedures very different from free-operant
multiple schedules, have obtained similar results (Bacotti,
1976; Flaherty & Checke, 1982; Flaherty & Rowan ,
1985, 1986). A critical issue raised by these findings is
the mechanism producing such a contrast effect. That is,
is the effect (hereafter referred to as anticipatory contrast)
adequately characterized as the "primitive" result of the
relative reinforcement rate in the target component versus
that which follows, or is it possible to identify some more
molecular underlying process?

Previous research has attempted to identify the attri
bute of the following source of reinforcement that
produced anticipatory contrast. Williams (1979 , Experi 
ment 2) presented pigeons with two separate target com
ponents, one of which was followed by a higher valued
schedule and the other by extinction (EXT). When these
two different following schedules were cued by different
discriminative stimuli, large anticipatory contrast effects
were observed; that is, response rates were higher in the
target component followed by EXT. But when the same
cue was used for the two different following schedules,
resulting in high response rates in both the higher valued
schedule and EXT, anticipatory contrast quickly disap
peared . This finding demonstrates that it is not simply the
occurrence or nonoccurrence of reinforcement in the fol
lowing component that is the critical variable. Instead,
anticipatory contrast seems to depend upon the "value"
of the stimulus in the following component, where value
is assessed by the response rate in the presence of the
stimulus.
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be addressed to Ben A. Williams , Department of Psychology , C..Q09,
University of Cali forn ia, San Diego , La Jolla , CA 92093 .

One interpretation of such effects of stimulus value as
sumes that the stimulus correlated with the following
schedule possesses conditioned reinforcement properties.
It is then possible to view a multiple schedule as similar
to other procedures in which behavior is suppressed by
the presentation of response-independent reinforcement
(e.g., Rachlin & Baum, 1972). The usual method for
demonstrating free-re inforcement effects has been to add
a variable-time (VT) schedule of free food to a variable
interval (VI) baseline; a multiple schedule is conceptu
ally similar in the sense that the onset of the following
component is presented independently of responding (be
cause component transition is based only on the passage
of time). Given that the stimulus correlated with the fol
lowing component can be regarded as a conditioned rein
forcer (when the followingcomponent has a higher value),
this suggests that the response suppression that occurs in
a target component followed by a higher valued compo
nent is due to the response-independent presentation of
a conditioned reinforcer. Evidence that response
independent conditioned reinforcers can suppress behavior
in the same way as response-independent primary rein
forcement was provided by Marr and Zeiler (1974).

The present experiment provides an assessment of the
role of response-independent conditioned reinforcers as
a component of anticipatory contrast. The critical test is
whether anticipatory contrast occurs differently as a func
tion of whether the transitions between components of a
multiple schedule are response dependent or response in
dependent . To make this comparison, a four-component
multiple schedule was used, in which two target compo
nents with identical schedules were followed by compo
nents of either higher or lower value . Inone set of condi
tions the transition between components was determined
solely by the passage of time (component duration was
set at 60 sec). For a second set of conditions a response
dependent schedule of component transition was super
imposed on the food schedules, such that component tran
sition occurred contiguous with the first response after
the specified component duration had elapsed-a fixed
interval (FI) 6O-sec schedule of component transition. If
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the contingency for conditioned reinforcement is an im
portant variable, anticipatory contrast should occur in the
first set of conditions, but the opposite effect (enhance
ment of response rates in the target component followed
by the higher valued VI schedule) should occur in the sec
ond set.

A second variable was whether the schedule during the
higher valued component was a signaled or an unsignaled
VI schedule . If the relation between behavior in the tar
get component and the stimulus correlated with the fol
lowing schedule is important, a following component with
an unsignaled high-valued VI schedule should produce
greater contrast effects than when the following compo
nent involves a signaled VI of comparable value. This
should be true because the signaled VI schedule entails
that the cue correlated with EXT will be present for the
great majority of time, which further entails that the EXT
cue will also be present at a point of component transi
tion on most occasions . Thus, the contingency between
responding during the target component and the condi
tioned reinforcers during the following component will
be more clear-cut with the unsignaled VI schedule .

METHOD

Subjects
Four White Cameau pigeons were maintained at 80 % of their free

feeding body weights by additional feeding after the end of the daily
experimental sessions. All had extensive histories, including several
previous studies of behavioral contrast (Williams, 1976a , 1979, 1981).

Apparatus
A standard one-key operant pigeon chamber was used, which is

described in detail by Williams (l98\) .

Procedure
The present study was an extension of a previous report (Williams,

1981, Experiment I) involving a recycling four-eomponent multiple
schedule . Two components, cued by three vertical white lines and a white
circle, were correlated with identical but independent VI 3-min sched
ules, which remained unchanged throughout training . The schedules sur
rounding the two target components were EXT, always correlated with
a diffuse red keylight; a VI l-min schedule, always correlated with a
diffuse blue keylight; or a signaled (sig) VI l-min schedule, in which
the stimulus was the red keylight until the reinforcer became available,
at which time the stimulus was changed to blue until the next peck ob
tained the reinforcer.

Because the subjects had been exposed to a long series of conditions
in prior studies, Condition I of the present study was a baseline condi
tion in which the two target components were followed by the same
conditions. Thus, both the vertical lines and the circle were preceded
and followed by EXT, always correlated with the diffuse red light. The
sequence was then changed to one in which the lines and the circle were
preceded equally often by a VI I-min or an EXT component, but were
followed exclusively by one or the other, with thisrelationship reversed
for some conditions. The sequence for Condition 2 was VI-3 (vertical
lines), EXT, VI-3 (vertical lines), EXT, VI-3 (circle), sig VI-I, VI-3
(circle), sig VI-I, and then the whole sequence recycled . This sequence
was also used for Condition 3, and was then changed to one in which
the positions of the circle and the vertical lines were reversed (Condi
tion 4). During Conditions 5 and 6, the reversed sequence continued
but with the sig VI-I schedule replaced by an unsignaled VI-I sched
ule. The entire sequence of conditions is shown in Figure 1.

Component duration throughout the study was nominally 60 sec. The
critical variable of interest was the contingency determining component

transition. For Condi.tions I, 2, and 6, the transitions between compo
nents were response independent and component duration was always
60 sec. For the remaining three conditions, the transition from both the
circle and the vertical lines was dependent on responding, such that the
first peck after the required time hadelapsed (60 sec)produced the tran
sition to VI l-min , sig VI l-min, or EXT. No response requirement
was imposed for the transition from either the VI I-min or EXT to the
VI 3-min components. The number of sessions per condition is shown
in Figure I.

RESULTS

Figure 1 plots the response rates during the two target
components (the circle and the vertical lines) that were
correlated with identical VI 3-min food schedules. Dur-
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Figure 1. Response rates during the target components with iden
tical VI 3-min schedules. The scbedu\es following the two target com
ponents are sbown at the bottom of the panel for Subject Y-22, with
the top schedule designation following the vertical lines and the bot
tom designation following the circle. Whether the transition to the
following components was response independent or response depen
dent is sbown at the bottom of the panel for Subject R-ZO.
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ing the first condition, in which both target components
were followed (and preceded) by EXT, there were no con
sistent differences in response rates between the two com
ponents. For Subject Y-22 the rates in the two compo
nents were essentially equal by the end of Condition 1;
for Subjects R-ll and B-3 response rates were higher dur
ing the lines component than during the circle component;
and for Subject R-20, response rates were higher during
the circle component than during the lines component.
Presumably, such effects reflect different stimulus biases
for different subjects.

During the second condition, in which the lines were
followed by EXT and the circle by the higher valued sig
VI schedule, all subjects produced higher response rates
during the lines component, thus demonstrating an an
ticipatory contrast effect like that shown in previous
studies. The first test of the effects of the response con
tingency for transition to the following component is then
provided by a comparison of Conditions 2 and 3, because
during Condition 3 the transition to the following com
ponent was made response dependent. Despite the change
in the contingency for component transition, there was
no consistent change in the pattern of response rates in
the two target components. There was some reduction in
the difference between the target components for Subject
R-ll , but for Subjects B-3 and R-20 there was a small
increase in the difference.

Because the differences seen in Condition 3 could be
due simply to the continuation of the differences estab
lished in Condition 2, the most powerful test of the role
ofresponse contingency occurred during Condition 4, in
which the schedules following the two target components
were reversed but the response-dependent component
transition contingency was maintained. Three of the 4 sub
jects reversed readily, whereas the response rates of the
4th (Subject R-20) converged . Thus , anticipatory contrast
was reestablished after the reversal in reinforcement rates,
even with the response-dependent component transitions.

Conditions 5 and 6 involved a change from a sig VI
schedule to an unsignaled VI schedule following the cir
cle. Condition 5 continued the response contingency dur
ing the target components for component transition,
whereas Condition 6 removed that contingency. The ef
fect of the change from the sig VI schedule to an unsig
naled VI schedule in Condition 5 was to increase the
difference between the two target components for 3 of
the 4 subjects, although this probably was due simply to
continued training after the reversal in the following
schedules . For the 4th subject (R-ll), the difference be
tween the target components converged, but this was cor
related with a substantial reduction in response rates in
all components, making the effect difficult to interpret.
Finally, the change to Condition 7 produced no consis
tent effect, indicating once again that the contingency for
component transition was not a controlling variable.

The effects of the contingency for component transi 
tion can be summarized by the mean differences in re
sponse rates between the two target components (that fol-

lowed by the higher valued schedule was always lower)
during the last four sessions of those conditions that al
low a direct comparison between the response-independent
and response-dependent component transitions. For Con
ditions 2 and 3, which allow a comparison with the sig
VI schedule as the higher valued following schedule, the
mean difference when component transition was response
independent was 19.7 responses per minute, whereas that
for response-dependent transition was 18.8. For Condi
tion 6 versus Condition 7, when the higher valued sched
ule was the unsignaled VI schedule, the corresponding
differences were 14.3 versus 11.2. For neither compari
son did the differences as a function of the type of com
ponent transition approach statistical significance.

DISCUSSION

The results of the present study provide no evidence for an effect of
the contingency for transition to the following component. No consis
tent differences in the degree of anticipatory contrast occurred as a func
tion of whether transition to the different following schedules was
response dependent or response independent, although this generaliza
tion must be qualified because only a few sessions were conducted for
each condition and behavior was somewhat variable . Had more sessions
per condition been conducted, it is possible that some difference as a
function of the response contingency would have become apparent.
However, the results clearly show that anticipatory contrast does not
depend upon the transition to the following components being response
independent. Not only was there no consistent change in the degree of
contrast between conditions when this contingency was changed (Con
dition 2 vs. Condition 3 and Condition 5 vs. Condition 6) , but the pat
tern of anticipatory contrast was also shown to recover after a reversal
of the target component even when the transitions to the following sched
ules were response dependent (Condition 4). Thus , the hypothesis that
anticipatory contrast is due to response suppression caused by response
independent conditioned reinforcement must be rejected.

The failure to detect any effect of response contingency on the degree
of anticipatory contrast is somewhat surpri sing, given theresults of Marr
and Zeiler (1974) , who found substantial differences in the rates of
responding to a VI food schedule as a function of whether a brief stimulus
otherwise paired with food was presented on a response-independent
or response-dependent basis. Substantially higher response rates occurred
in their study when the conditioned reinforcer was response dependent;
moreover, when the conditioned reinforcer was response independent,
the rates of responding were lower than during baseline, when no con
ditioned reinforcers were presented (but with clear effects for only I
of2 subjects) . The ir study thus provides evidence that the effect of the
response contingency for conditioned reinforcers is similar to that for
primary reinforcers. Why similar effects did not occur in the present
study remains unclear, but several major differences between Marr and
Zeiler's procedure and that of the present study can be noted . Not only
was their conditioned reinforcer more strongly correlated with the oc
currence of food, but their food schedule, upon which the conditioned
reinforcement schedule was superimposed, was much leaner; these fac
tors should act together to make the effects of the conditioned reinforcer
more evident. In any event, the issue is not whether conditioned rein
forcers can strongly affect behavior; they obviously do under some cir 
cumstances (e.g., Royalty , Williams, & Fantino, 1987) . The issue is
whether the response contingency for the possible conditioned reinforce
ment effects of component transition is the cause of anticipatory con 
trast. The present data show clearly that this is not the case.
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