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Pigeons responded in a multiple schedule in which concurrent schedules of brief-stimulus
presentation alternated with a component in which food was available (concurrent-chains
component). In the initial links of the concurrent-chains component subjects chose either
of two stimuli each correlated with the terminal link of one chain. The terminal links
involved either variable-interval 30-second or variable-interval 60-second schedules. In the
brief-stimulus component subjects chose between 0.5-second presentations of the terminal-
link stimuli from the concurrent-chains component. Responding was generally maintained
in the brief-stimulus component in two subjects for more than 300 sessions, suggesting that
brief stimuli were conditioned reinforcers. During the brief-stimulus component, in 17 of 21
cases for which a minimal number of responses occurred, choice proportions above 0.55
were obtained for the brief-stimulus presentations correlated with the higher rate of
primary reinforcement in the concurrent-chains component. These results support the sug-
gestion that choice in conventional concurrent-chains procedures is partially controlled by
production of the terminal-link stimuli.
Key words: conditioned reinforcement, choice, brief-stimulus presentations, multiple

schedules, concurrent-chains schedules, delay-reduction hypothesis, variable-interval sched-
ules, key peck, pigeons

Chain schedules have long been a preferred
technique for the study of conditioned rein-
forcement (e.g., Ferster & Skinner, 1957; see
reviews by Fantino, 1977, 1981; Gollub, 1977;
Kelleher & Gollub, 1962). In a typical two-link
chain schedule, responding in the presence of
one exteroceptive stimulus produces a second
stimulus in the presence of which responding
produces primary reinforcement. The stimulus
paired with primary reinforcement acts as a
conditioned reinforcer, controlling appropri-
ate patterns and rates of responding in the
initial link of the chain (e.g., Kelleher & Gol-
lub, 1962; Marr, 1969). It is unclear, however,
to what extent responding in the initial link
is maintained by the production of the stimu-
lus of the terminal link (the putative condi-
tioned reinforcer) or by the delayed effects of
primary reinforcement at the end of the ter-
minal link. One study (Williams & Fantino,
1978) assessed the role of conditioned and pri-
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mary reinforcement on responding in the ini-
tial links of chain schedules and is especially
relevant to the present study. It used the con-
current-chains procedure developed by Autor
(1960, 1969) and Herrnstein (1964) in which a
two-link chain schedule is arranged on each
of two keys. Typically, the initial links of each
chain are available concurrently and are cor-
related with equal variable-interval (VI) sched-
ules. A reinforced response on either of the VI
schedules produces entry into the appropriate
terminal link while the other key becomes dark
and inoperative. Responding in the terminal
links then produces reinforcement according
to some schedule. The independent variable
is usually some difference between the termi-
nal-link schedules; the dependent variable is
a measure of choice such as the number of
pecks in one initial link divided by the sum of
pecks in both initial links. In one set of con-
ditions reported by Williams and Fantino
(1978), the different terminal-link schedules
were correlated with different keylight stimuli
(their "cued conditions"), whereas in a second
set of conditions, the different terminal-link
schedules were correlated with identical stim-
uli (their "uncued conditions"). In neither
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set of conditions was position of the terminal
link a relevant cue. Williams and Fantino rea-
soned that:

When the terminal-link schedules are as-
sociated with different stimuli, differences
in delayed primary reinforcement and im-
mediate conditioned reinforcement both
should play a role in determining choice.
When the different terminal-link sched-
ules are associated with the same stimulus,
however, differences in the immediate
conditioned reinforcement should be elim-
inated, and the consequences of the two
choice responses would differ only with re-
spect to the overall delay of reinforcement.
(p. 78)

Williams and Fantino found preference in the
uncued conditions, implicating overall delay
of reinforcement, but they found larger pref-
erences in the comparable cued conditions, im-
plicating conditioned reinforcement. The pres-
ent study includes a procedure in which there
is no primary reinforcement but there is the
potential for conditioned reinforcement. In
such a procedure will responding be main-
tained?
The present procedure extends to the study

of choice a procedure developed by Zimmer-
man (1963) and Zimmerman and Hanford
(1967) in which responding was maintained by
brief-stimulus presentations in the signaled
absence of primary reinforcement so long as
the brief stimulus was paired with food at
other times. Thomas (1969), for example,
found that the brief stimuli (hopper light and
magazine noise) paired with food in one com-
ponent of a multiple schedule could maintain
responding in another component in which
food was never presented. (In a multiple sched-
ule two or more independent schedules are
presented in alternation, and each schedule is
correlated with a discriminable exteroceptive
stimulus). In Thomas's study one schedule was
a schedule of food reinforcement and the other
was a schedule of brief-stimulus presentations
only. Even though the absence of primary rein-
forcement was signaled explicitly, responding
was maintained by the brief stimuli with rates
and patterns appropriate to the various sched-
ules employed. We extended this procedure so
that it involved choice between two putative
conditioned reinforcers. If responding is main-
tained by these stimuli, will choice reflect their

assumed strength? Specifically this procedure
allows the independent assessment of the rela-
tive strength of the two conditioned reinforcers
by providing another measure of preference
for the stimulus besides relative response rates
in the initial links of the chain schedules. In
this procedure the relationships between the
stimuli and primary reinforcement are main-
tained in concurrent-chains schedules, but
within the same procedure subjects can choose
between brief presentations of the two termi-
nal-link stimuli which are no longer followed
by food. If the stimuli are conditioned rein-
forcers, will they maintain responding in such
a situation? More specifically, if the relative
strengths of these stimuli help determine
choice in concurrent-chains schedules, we
would expect to obtain the same qualitative
preferences for the brief-stimulus presenta-
tions. Finally, if the procedure produces or-
derly data, it would offer promise for the study
of variables contributing to conditioned rein-
forcement.

METHOD

Subjects
Three adult White Carneaux pigeons and

one adult homing pigeon served as subjects.
Throughout the course of the experiments
they were maintained at approximately 80%
of their free-feeding weights. Two of the White
Carneaux pigeons (P2375 and P3757) had pre-
vious experience with the concurrent-chains
procedure. One White Carneaux pigeon
(P4527) and the one homing pigeon (Y86) were
naive at the beginning of the experiment.

Apparatus
The standard experimental chamber was a

Plexiglas enclosure measuring 33 by 33 by 18
cm. The front wall of the chamber, which was
aluminum, contained two translucent response
keys mounted 20 cm from the floor of the
chamber and 9 cm apart. Industrial Electronics
Engineers projectors were used to illuminate
the keys from behind with various colors, and
the chamber was illuminated by two 6-W mini-
ature lamps. Every response on an illuminated
key produced audible feedback from a DC re-
lay. A minimum force of approximately 0.15 N
was required to operate either key. A solenoid-
operated hopper made grain available through
a front wall opening that was 5.7 cm above the
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floor of the chamber. White noise masked ex-
traneous sounds. Standard relay control and
recording equipment was located in a separate
room.

Procedure
The procedure involved a complex multiple

schedule. In one component, concurrent-chain
schedules were arranged with different termi-
nal-link stimuli correlated with two different
schedules of primary reinforcement. In the
other component, brief presentations of these
terminal-link stimuli were contingent on re-
sponding (see Figure 1). In the concurrent-
chains component, two blue keylights signaled
the initial links in which identical but inde-
pendent VI 60-s schedules were operating con-
currently. The subject could respond on either
key. When access to the terminal link corre-
lated with a given key was obtained, the other
key became dark and inoperative. The termi-
nal-link schedules were VI 30-s and VI 60-s.
The terminal link on the left key was always
accompanied by a green keylight, while the
terminal link on the right key was accom-
panied by a red keylight. Primary reinforce-
ment was 3-s access to grain. After food was
obtained in either terminal link, the keylights
became blue and the initial links were again
in effect. This component of the multiple
schedule was in effect for 5 min, unless the 5-
min period elapsed while the subject was re-
sponding in a terminal link. In that case, the
component was terminated immediately after
food was obtained in that terminal link.
In the second component, a simple concur-

rent schedule was in effect, in which respond-
ing produced brief presentations of the chain
terminal-link stimuli but no food. Identical
but independent VI 60-s schedules, signaled by
two white keylights, were available concur-
rently. Responding on one key produced a
0.5-s presentation of the red keylight and re-
sponding on the other key produced a 0.5-s
presentation of the green keylight. Food was
never available in this component, which was
also in effect for 5 min. The two components
were alternated, with a 30-s timeout (TO) oc-
curring after each component in order to pre-
vent the superstitious maintenance of respond-
ing in the brief-stimulus component by the
contiguity of such responding with the onset
of the concurrent-chains component. During
the TO the chamber was completely darkened.

CONCURRENT-CHAINS COMPONENT
A B

VI 60

BRIEF-STIMULUS COMPONENT
A B

Fig. 1. Diagram of the two components of the multi-
ple schedule. Top: For the concurrent-chains com-
ponent, Part A shows the sequence of events leading to
food reinforcement on the left key; Part B shows the
sequence of events leading to food reinforcement on
the right key. Immediately after food presentation on
either key, the initial links were again in effect. Bot-
tom: For the brief-stimulus component, Part A shows
the sequence leading to a brief-stimulus presentation
on the left key; Part B shows the sequence leading to
a brief-stimulus presentation on the right key. Both
keys were again lit white immediately after a brief-
stimulus presentation on either key.
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The alternation continued until each compo-
nent had been presented 10 times. In both
schedules a 1-s changeover delay (COD) was
in effect. This requirement fixed a minimum
delay of 1 s between the first response on a key
(after responding on the other key) and rein-
forcement on that key (or entry into the termi-
nal link, in the case of concurrent-chains).
Herrnstein (1961) showed that without a COD
in concurrent schedules, the relative rate of
responding tended toward 0.50 due to a high
frequency of alternating between the two keys.
A COD is not usually used with concurrent-
chains schedules because orderly results have
been obtained without it. However, in this
study it was used in order to make the pro-
cedures in the two components as similar as
possible.
The sequence of conditions for each subject

and the number of sessions in each condition
are presented in Table 1. In the first condition
and in each succeeding condition in which
there was a manipulation in the concurrent-
chains component, sessions were conducted un-
til a stability criterion was met by the choice
proportions in the concurrent-chains compo-
nent. At least 15 sessions were conducted. After
15 sessions and for each subsequent session, the
most recent nine sessions were partitioned into
groups of three; the stability criterion was met
when the average choice proportions from each
group of three (mI, M2, and M3) differed from
each other by not more than 3% and when
these proportions showed no increasing or de-
creasing trend (ml < M2 < M3 or m1 > m2 >
M3). For conditions in which a manipulation
occurred in the brief-stimulus component, 20
sessions were conducted after the manipulation
was introduced. Sessions were conducted daily.
The two experienced subjects, P3757 and

P2375, were exposed to an identical series of
thirteen conditions; the two naive subjects,
Y86 and P4527, were added later and were ex-
posed to only three and five conditions, respec-
tively. In the first four conditions for P3757
and P2375, the brief stimuli were available on
VI 60-s schedules, and a 1-s COD was in effect
in both components of the multiple schedule.
The positions of the concurrent-chains termi-
nal links and of the brief stimuli were varied
in these conditions. As a control for the possi-
bility that any brief-stimulus presentations
would maintain responding, neutral stimuli
(which had never been paired with food) were

substituted for the red and green brief stimuli
in Conditions V and VI. Conditions VII
through XIII were basically replications of the
first four conditions. In Condition IX and the
succeeding conditions, the brief stimuli were
available on VI 30-s schedules instead of VI
60-s schedules; starting with Condition X the
COD was removed from both components.
The sequence for Subject P4527 differed

from the other three primarily in that it began
with brief stimuli available in VI 30-s sched-
ules. This procedural feature was maintained
throughout all five conditions for this subject.
A I-s COD was in effect for this subject in the
first two conditions, but was removed for the
third and subsequent conditions.

Subject Y86 differed from the other three in
that it began the experiment with comparable
brief stimulus and terminal-link stimulus on
opposite keys-that is, the green stimulus cor-
related with the VI 30-s schedule was on the
left key in the concurrent-chains component
but green brief-stimulus presentations were
produced on the right key in the brief-stimulus
component. In all three conditions for this sub-
ject the brief stimuli were available in VI 60-s
schedules and the 1-s COD was in effect.

RESULTS AND DISCUSSION
A summary of the results is presented in

Table 1, which presents data averaged over the
last nine sessions of each condition. Choice
proportions for both components are given
(and are explained below). The response rates
in the brief-stimulus component are also pre-
sented as are the numbers of brief-stimulus
presentations obtained per session. Responses
that occurred during the 0.5-s stimulus pre-
sentations were recorded, and the data are
presented as the average number of responses
per stimulus presentation. These response
rates were fairly high but seemed to bear no
systematic relationship to other results.
The presentation of brief stimuli in the sig-

naled absence of food maintained responding
in all four pigeons. The results for P3757
and P2375 confirm Zimmerman's (1963) and
Thomas's (1969) findings that such responding
could be maintained over very long periods of
time. It is not apparent from the reports of the
prior studies whether responding finally de-
creased to near zero rates or whether the ex-
periments were simply terminated after the
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noted time period. In the present study, re-
sponding for two subjects declined over ap-
proximately 400 sessions until there was little
or no responding in the brief-stimulus compo-
nents during the last conditions.
The present results should be qualified in at

least two ways. In the first place, it can be ar-
gued that the brief-stimulus components re-
semble the concurrent-chains components in
an important way. In each case the subject re-
sponded in the presence of a stimulus never
paired with food (blue lights in the concurrent-
chains component; white lights in the brief-
stimulus component) and produced stimuli
that were sometimes paired with food (red and
green lights). Looked at in this way, the subject
was responding on what amounts to a condi-
tional discrimination (because food always fol-
lowed red and green in the concurrent-chains
component but never followed the 0.5-s pre-
sentation of red and green in the brief-stimulus
component). If so, responding in the brief-stim-
ulus component may reflect the subjects' fail-
ure to make this discrimination perfectly and
may not indicate conditioned reinforcement.
Although this argument cannot be refuted by
the present data, there is ample evidence that
each subject responded differentially in the
presence of the blue and white lights. In the
first, as well as in the subsequent conditions,
for example, rates of responding were sub-
stantially higher in the initial links of the
concurrent-chains component (the ratio of re-
sponse rates in this component divided by re-
sponse rates in the brief-stimulus component
ranged from about 6:1 for P3757 to over 100:1
for P4527 and Y86 in the first condition for
each subject). Moreover, it may well be that
for any conditioned reinforcer a new situation
may be found that is sufficiently different from
that in which the stimulus acquired reinforc-
ing strength that the stimulus will maintain
no behavior in this new situation. In any
event, such was not the case in the present
experiment.
The second qualification concerns the very

low response rate typically maintained by the
brief stimuli. For example, in 22 of 30 experi-
mental conditions these rates were below two
per minute. Moreover, the rates were particu-
larly low in the first condition for the two ex-
perimentally naive subjects (although one,
P4527, increased its rate in the final condi-
tion). Although it is impossible to draw defini-

tive conclusions about acquisition with only
two naive and two experienced subjects, these
data raise the possibility that the brief stimuli
can better sustain responding already occur-
ring at higher rates. In any event, the response
rates in the brief-stimulus component were
substantially lower than those reported by
Thomas (1969). Onset of his brief stimuli (hop-
per lights and noises) were closely contiguous
with food, whereas onset of the terminal-link
stimuli in the present concurrent-chains com-
ponent preceded food by an average of 45 s.
In terms of one view of conditioned reinforce-
ment, the delay-reduction hypothesis (Fantino,
1969; Fantino & Davison, 1983; Fantino &
Dunn, 1983), the brief stimuli of the present
study were correlated with much less reduction
in time to primary reinforcement than were
those used by Thomas (1969). This account
could be assessed by manipulating the VI
schedules in either link of the concurrent-
chains component.
The fundamental data from this study are

the choice proportions presented in Figure 2
and in Table 1. Choice proportions in the con-
current-chains portion of the schedule repre-
sent initial-link responses on one key (the VI
30-s terminal link) divided by the total num-
ber of initial-link responses on both keys. A
brief-stimulus choice proportion represents re-
sponses on the key on which the stimulus cor-
related with the VI 30-s schedule is presented,
divided by the total responses on both keys.
The data represent the means of the last nine
sessions of each condition. The two control
conditions are not included in the figure (Con-
ditions V and VI for P3757 and P2375) but are
discussed below. Conditions in which response
rates in the brief-stimulus component were be-
low a criterion level are not presented. The
criterion for minimal rates of responding was
set arbitrarily at 100 responses over the last
nine sessions. Inspection of Table 1 reveals
that the results would not at all be affected if
the criterion were set at 135 (corresponding to
15 responses per session) and would not be
affected in any important sense if set even
higher (e.g., to 300, although in this case the
data of Y86 would be excluded).

All subjects preferred the terminal link with
the VI 30-s schedule over that with the VI 60-s
schedule in all conditions (Table 1). According
to the Squires-Fantino formulation, choice
proportions should have approximated .80
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Fig. 2. Choice proportions in concurrent-chains and brief-stimulus components for each subject in each ex-

perimental condition in which the subject made at least 100 responses in the brief-stimulus component over
the last nine sessions. Data are averaged over the final nine sessions. Because subjects P3757 and P2375 were
exposed to identical series of conditions, their data are shown together in the top panel. Roman numerals refer
to condition numbers and correspond to those described in Table 1. Conditions V and VI for these Subjects
were control conditions and are not presented here (see Table 1 and text). Data for the concurrent-chains
component represent choice proportions for the VI 30-s schedule and data for the brief-stimulus component
represent choice proportions for the stimulus associated with the VI 30-s schedule. Note that in each of 21 condi-
tions in the concurrent-chains component and in 17 of 21 conditions in the brief-stimulus component, choice pro-
portions exceeded .55.

(Squires & Fantino, 1971). Averaged over all 13
conditions, Subjects P3757 and P2375 pro-

duced mean choice proportions of .84 and .83,
respectively. For both pigeons, however, there
was a tendency towards higher choice propor-

tions when a COD was used (mean choice pro-

portions of .85 and .87 with COD and .81 and
.72 without COD for P3757 and P2375, respec-
tively). Subject P4527 had a mean choice pro-

portion of .98 in two conditions with a COD
and .86 in three conditions without a COD.
Finally, Pigeon Y86, studied with a COD
throughout, had a mean choice proportion of
.96. Although the present experiment was not
designed to assess the effects of COD on choice,
the high choice proportions obtained for all
subjects with a COD and the within-subjects
comparisons from Subjects P3757, P2375, and
P4527 suggest that use of the COD amplifies
choice in the concurrent-chains procedure.
The novel question raised in the present ex-

periment is whether the stimulus correlated

with the VI 30-s schedule was also preferred in
the brief-stimulus component, during which
food was never available. In order to answer
this question several conditions were studied
in which the schedule correlated with a given
stimulus was varied, as was the key on which
the stimulus appeared. The answer was affir-
mative in 17 of 21 cases (which gives a binomial
probability of p < .005). In Conditions V and
VI for Subjects P3757 and P2375, no prefer-
ence for either side was expected because the
same stimulus was presented on each key. Any
preference in the brief-stimulus component
(shown in Table 1 in terms of left key) here
would be an indication of a key bias-that is,
a tendency to respond more on the same key
preferred in the concurrent-chains compo-
nents. Neither subject showed consistent pref-
erences during the brief-stimulus component
in these conditions. If anything, fewer re-
sponses were made on the key associated with
the preferred concurrent-chains schedule (e.g.,
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Subject P3757 in Condition V had a choice
proportion of .73 for the left key, whereas its
preference in the concurrent-chains component
was .74 for the right), further suggesting that
responding in the brief-stimulus component
did not simply reflect responding in the con-
current-chains component.
Having assessed the relative strengths of the

terminal-link stimuli, in the absence of pri-
mary reinforcement, and having found that
their relative strengths are affected by the cor-
related schedules of food reinforcement, it be-
comes more reasonable to assume that the stim-
uli play a role in determining choice in the
initial links of concurrent-chains schedules.
The results suggest that the stimuli have ac-
quired conditioned reinforcing effectiveness.
As the immediate consequences of responding
in the initial links, they may well mediate pref-
erence in the concurrent-chains procedure.
This suggestion is comparable to that made by
Duncan and Fantino (1972), Fantino (1983),
Williams and Fantino (1978), and others. The
present study differs from the prior ones in
that choice was assessed in a procedure in
which responding might be attributed solely
to conditioned reinforcement. Similar results
were reported by Mandell and Nevin (1975)
although they did not use a concurrent-chains
procedure. They arranged stimulus-food pair-
ings in one component of a multiple schedule,
while the stimuli alone were contingent upon
responding in the second component. They
too found that the relative proportion of re-
sponses for one stimulus in the second compo-
nent was positively related to the relative pro-
portion of reinforcers arranged in the presence
of that stimulus in the first component. Man-
dell and Nevin concluded that the distribution
of choice responding is positively related to
the distribution of conditioned reinforcers in
a manner "qualitatively similar" to the rela-
tionship between choice responding and the
distribution of unconditioned reinforcers and
that this relationship is due, in part, to the
stimulus-food pairings (when pairing was elim-
inated, the relationship deteriorated). The
present results, although sometimes variable
and not always robust, nonetheless support the
same conclusion: Choice was controlled by
conditioned reinforcement in the brief-stimu-
lus components. More generally, the present
results support the suggestion that choice is

partially controlled by the terminal-link stim-
uli in concurrent-chains procedures.
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