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A concurrent-chain procedure was used to examine choice between segmented and less segmented
response-independent schedules of reinforcement. A pair of independent, concurrent variable-interval
60-s schedules were presented in the initial link, along with a 1.5-s changeover delay. A chained
fixed-interval fixed-time and its corresponding tandem schedule constituted the terminal links. The
length of the fixed-interval schedule in the terminal link was varied between 5 s and 30 s while that
of the fixed-time schedule was kept at 5 s over conditions. The first components of both terminal-link
schedules were accompanied by the same stimulus. Except in the baseline condition, the onset of the
second component of the terminal-link chained schedule was accompanied by either a localized (key
color) or a nonlocalized (dark houselight) stimulus change. Stimulus conditions were constant during
the terminal-link tandem schedule. With three exceptions, pigeons demonstrated a slight preference
for the tandem over the chained schedule in the terminal link. Furthermore, this preference varied
inversely with the length of the first component. In general, these results are consistent with previous
studies that reported an adverse effect on choice by segmenting an interval schedule into two or more
components, but they are inconsistent with studies that reported preference for signaled over unsig-
naled delay of reinforcement.

Key words: preference, segmentation, fixed-time schedules, response-independent reinforcement,
concurrent chains, key peck, pigeons

A simple interval schedule of reinforcement
is said to be segmented if its interreinforce-
ment interval (IRI) is divided into two or more
component schedules by certain events such as
a stimulus change and/or a response require-
ment (Duncan & Fantino, 1972; Fantino,
1969). An important example is a chain or
chained schedule. The type of chained sched-
ule that has been studied most extensively
consists of two components (e.g., Kelleher &
Gollub, 1962). The schedule begins with the
first component (Cl) that correlates with a
specific stimulus (SI). In satisfying the sched-
ule requirements in Cl, a response produces
the second component (C2) correlated with
another stimulus (S2). The reinforcer is de-
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livered only when the response requirements
have been fulfilled in C2.

Based on the observation that laboratory
animals' responding is not strongly main-
tained by multiple-component chains, Fantino
(1969) predicted that, when given a choice be-
tween a simple and a segmented schedule, an-
imals will prefer the simple one. For example,
a simple fixed-interval (FI) schedule will be
chosen more often than a chained Fl FI
schedule with equal time to primary rein-
forcement. It seems that segmenting a sched-
ule increases the number of stages to be tra-
versed prior to the presentation of the
reinforcer, and this effectively increases the
"psychological distance" to reinforcement
(Fantino, 1969). The notion that segmenta-
tion has adverse effects on choice was first
demonstrated in a study performed by Dun-
can and Fantino (1972) using the concurrent-
chain (Autor, 1960, 1969) choice procedure.
This procedure typically includes two
phases-the initial link (choice phase) and the
terminal link (outcome phase). During the
initial link, two response keys are illuminated,
each correlated with an independent variable-
interval (VI) schedule. Meeting the schedule
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requirements on either key produces a stim-
ulus change on that key while the other key
becomes dark and inoperative; the terminal
link is now in effect. Completion of the sched-
ule requirements in the terminal link pro-
duces food, followed by reinstatement of the
initial link. The relative allocation of re-
sponses on the two keys during the initial link
(the choice proportion) is taken as a measure
of preference for one of the two mutually ex-
clusive terminal-link schedules. In their first
experiment, Duncan and Fantino presented a
simple FI 2x-s and a chained FI x-s FI x-s
in the terminal link. As expected, pigeons
showed strong preference for the simple
schedule over the segmented one when these
had the same IRI. In addition, such prefer-
ence increased as the size of the IRI in the
terminal link varied from 10 s to 20 s to 30 s.
The simple schedule was almost exclusively
preferred when the IRI was 30 s.

These findings were recently replicated by
Leung and Winton (1985). In some condi-
tions, they also compared a simple Fl and a
chained FI FI, but the IRI was either 15 s or
60 s. Pigeons' choices invariably favored the
simple schedule over the chain, and much more
so in conditions using the longer IRI. In the
same study, the adverse effect of segmentation
on choice was extended to segmented VI
schedules, despite the fact that the effect was
less pronounced compared with that found in
FI schedules and occurred only when a
changeover delay (COD) operated during the
initial link. In other conditions, Leung and
Winton also examined tandem-simple and
tandem-chain comparisons showing that a
tandem schedule had the same effect on choice
as did the corresponding simple schedule. This
latter observation supplemented the finding
from an experiment conducted by Fantino
(1983) who, in one condition, presented pi-
geons with a simple FI 2x-s and a tandem FI
x-s FI x-s and found indifference. It was
therefore concluded that stimulus segmenta-
tion may be solely responsible for the prefer-
ence for a simple schedule over the segmented
chain, and. that differing response require-
ments may not affect choice in these situations
(cf. Neuringer, 1969).
The adverse effect on choice resulting frorm

segmentation seems rather robust in interval
schedules, but its generalization to other
schedule types has yet to be established. For

instance, does segmenting a response-inde-
pendent schedule, such as a time schedule,
produce the same effect as segmenting a re-
sponse-dependent schedule of food delivery?
To throw some light on this question, the
present experiment investigated choice be-
tween a pair of differently segmented sched-
ules that ended with fixed-time components
(i.e., a chained versus a tandem schedule) to
determine whether the less segmented sched-
ule was preferred even when the reinforcer
was delivered irrespective of responding at the
end of the IRI. A second purpose was to ex-
amine different patterns of segmentation and
their effect on choice. Previous studies of seg-
mentation (Duncan & Fantino, 1972; Fan-
tino, 1983; Leung & Winton, 1985) employed
segmented schedules whose interreinforce-
ment intervals were always bisected into equal
halves. In the present experiment, segmenta-
tion was made uneven by manipulating the
duration of Cl over conditions while the du-
ration of C2 remained constant. Finally, in
order to look at the effect on choice of different
loci of the segmentation stimulus, the stimulus
correlated with S2 of the terminal-link chain
was either localized (key color change) or
nonlocalized (chamber light switched off).

METHOD
Subjects

Four homing pigeons of racing stock, des-
ignated P22, P25, P28, and P29, were main-
tained at 80% (±10 g) of their free-feeding
body weights. All birds had prior experience
with pecking the center key under VI sched-
ules of reinforcement.

Apparatus
The experimental chamber was a standard

three-key pigeon chamber (31 cm by 34 cm
by 33 cm). The enclosure was made of sound-
attenuating material, with an exhaust fan that
helped mask external noise. Throughout the
experiment, only the two side keys were op-
erative. The center key was covered with black
insulation tape. Each side key could be trans-
illuminated with 1.3-W lights of various
colors. A force of 0.15 N operated the micro-
switch behind each key. Auditory feedback for
pecking was a 30-ms 1 -kHz tone produced by
a sine-wave generator. Reinforcement con-
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sisted of 3-s access to wheat in a raised, illu-
minated hopper with the houselight and key-
lights off. Experimental events were controlled
and recorded by electromechanical and solid-
state equipment.

Procedure
Pecking on the two side keys was shaped

through differential reinforcement, and then
the birds were exposed to concurrent VI 60-s
VI 60-s schedules of reinforcement with a
changeover delay (COD) of 1.5 s (Herrnstein,
1961). Both keys were illuminated white dur-
ing this procedure, which continued for 15
sessions before the concurrent-chain proce-
dure was introduced.
The initial link of this procedure resembled

the concurrent schedules, having two white
keys and the same COD operating. However,
instead of directly producing a reinforcer
(food), responding occasionally produced a
schedule of response-independent food deliv-
ery. When the terminal-link schedule on a
given key was accessed, a change of key color
accompanied this event while the other key
became dark and inoperative. Except in the
baseline procedure, the terminal link consisted
of chained and tandem schedules of equal IRI.

In the terminal link, the stimuli correlated
with the first components (Si) of both sched-
ules were the same-that is, either both red
(Birds P22 and P28) or both green (Birds P25
and P29). For the tandem schedule, the stim-
ulus correlated with the second component
(S2) remained the same as S1. For the chained
schedule, however, the onset of S2 was sig-
naled either by a change in key color from red
to green or from green to red (localized con-
ditions) or by the turning off of the houselight
without altering the key color (nonlocalized
conditions).

During the baseline condition, two tandem
FI 5-s FT 5-s schedules were presented and
this condition lasted until responding stabi-
lized in both links and the mean choice pro-
portions deviated not more than ±.03 from
.50. In the conditions that followed, a chain
FI x-s FT 5-s was compared with a tandem
FI x-s FT 5-s. Table 1 shows, for each bird,
the sequence of training conditions, the com-
ponent stimuli of each terminal-link schedule,
and the key position correlated with the
chained schedule in a condition. For Birds P22
and P28, the duration of Cl was varied from

5 s to 30 s in an ascending fashion; for Birds
P25 and P29, this order was reversed. The
subjects were exposed to each of the shorter
C1 conditions (5 s and 10 s) twice in succes-
sion but each time having a different stimulus
correlated with S2 of the chain (i.e., localized
or nonlocalized). In other conditions where
the C1 durations were either 15 s, 20 s, or 30 s,
S2 in the chain was localized for two birds
(P28 and P29) and nonlocalized for the other
two (P22 and P25).
The intervals for the VI schedules were

generated from progressions that scheduled
events after varying times but with a constant
probability (Fleshler & Hoffman, 1962). Ses-
sions were conducted 7 days per week. Each
session was terminated after the delivery of 40
reinforcers; hence, session time varied with the
length of the terminal link. A new condition
was introduced when the response rates in both
links of the concurrent chains appeared stable
by visual inspection and the mean choice pro-
portion (initial-link response rates) computed
over the last five sessions did not differ by
more than 5% from that of the previous five
sessions. The number of sessions for each con-
dition is shown in Table 1.

RESULTS
In the following analysis, the reinforcement

proportion refers to the ratio of reinforcement
rate produced by responses on the tandem key
(the key correlated with the tandem schedule)
during the terminal link to the combined re-
inforcement rate from responding on both keys.
Similarly, the choice proportion during the
initial link was calculated by dividing the re-
sponse rate on the key that produced the tan-
dem schedule by the total initial-link response
rate on both keys. All data presented are av-
eraged over the last five sessions of a condi-
tion. During the baseline procedure, the choice
and reinforcement proportions (with respect
to the left key) were .51 and .50 (P22), .52
and .49 (P25), .50 and .53 (P28), and .47 and
.49 (P29).
The choice data are summarized in Figure

1, which shows the choice proportions for each
bird, as a function of the C1 duration of the
terminal-link schedules. For each bird, the
connected points indicate the five conditions
that used the same type of stimulus for the S2
of the chains, either localized (P28 and P29)

177



JIN-PANG LEUNG and ALAN S. W. WINTON

Table 1

The schedules of the first and second components (CI and C2), their corresponding stimuli
(SI and S2; G = green, R = red, and D = dark houselight), and the correlated key positions
in the terminal link. The reinforcement proportions for the tandem schedule and the numbers
of sessions for each condition are also shown.

Component schedule Component stimuli in the terminal link Reinf.
in the terminal link Tandem key Chain key prop. for

tandem No. of

Subj. C1 C2 S1/S2 (Position) Si S2 (Position) key sessions

P22 FI5-s FT5-s R (Right) R G (Left) .50 25
FI5-s FT5-s R (Right) R R + D (Left) .49 28
FI10-s FT5-s R (Left) R G (Right) .51 28
FI10-s FT5-s R (Left) R R + D (Right) .51 30
FI5-s FT5-s R (Left) R R + D (Right) .50 27
FI20-s FT5-s R (Right) R R + D (Left) .50 32
FI30-s FT5-s R (Left) R R + D (Right) .50 35

P25 F130-s FT5-s G (Left) G G + D (Right) .48 30
FI20-s FT5-s G (Right) G G + D (Left) .50 31
FI15-s FT5-s G (Right) G G + D (Left) .48 25
F110-s FT5-s G (Left) G G + D (Right) .51 40
FI10-s FT5-s G (Right) G R (Left) .50 29
FI5-s FT5-s G (Right) G R (Left) .50 35
FI5-s FT5-s G (Left) G G + D (Right) .50 36

P28 FI5-s FT5-s R (Left) R G (Right) .49 42
FI5-s FT5-s R (Right) R R + D (Left) .49 37
FI10-s FT5-s R (Right) R R + D (Left) .51 38
FI10-s FT5-s R (Left) R G (Right) .50 33
FI15-s FT5-s R (Right) R G (Left) .50 40
F120-s FT5-s R (Left) R G (Right) .50 41
FI30-s FT5-s R (Left) R G (Right) .52 34

P29 F130-s FT5-s G (Left) G R (Right) .50 27
FI20-s FT5-s G (Right) G R (Left) .50 28
FI15-s FT5-s G (Right) G R (Left) .49 27
FI10-s FT5-s G (Right) G R (Left) .49 26
FI10-s FT5-s G (Left) G G + D (Right) .51 29
FI5-s FT5-s G (Left) G R (Right) .48 22
FI5-s FT5-s G (Right) G G + D (Left) .49 25

or nonlocalized (P22 and P25). In general, the
choice proportions from various conditions did
not seem to deviate substantially from .50 (i.e.,
indifference), ranging from .45 to .62. How-
ever, this deviation from the .50 level can be
considered fairly consistent across birds and it
is not shared by the obtained reinforcement
proportions, which, as indicated in Table 1,
have values virtually equal to .50. In 25 of the
28 occasions, the birds preferred the tandem
schedule over the chain (i.e., the choice pro-
portions were above .50). The three excep-
tions are found in Birds P25 and P29, the
training of which began with the longest Cl
duration. Both of these birds slightly pre-
ferred the chained schedule (.45 for P25 and
.47 for P29) when the Cl duration equaled
30s; further, P25 showed indifference when
the duration of Cl was 20 s. The effect of the

type of delay stimulus (S2) on choice can be
assessed by comparing data across localized
and nonlocalized stimulus conditions. Within-
subject comparisons are possible only with
conditions using the shorter Cls. For Cl of
5-s duration, the choice proportions for all
birds were consistently greater in conditions
when S2 was nonlocalized (averaged .59) than
when it was localized (averaged .56), whereas
for Cl of 10-s duration, no systematic differ-
ence between these conditions was observed.
Between-subject comparisons over all five du-
rations did not show any substantial differ-
ences. In fact, the functions, as shown in Fig-
ure 1, had virtually the same form across the
two types of stimulus conditions. In general,
these functions indicated a negative relation-
ship between preference for the tandem sched-
ule and the C1 duration, although their slopes
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were relatively gradual. On the other hand,
the order of training affected the values of the
preference being assessed. Compared point by
point, birds trained under a descending se-
quence of Cl durations (P25 and P29) tended
to show less preference for the tandem sched-
ules than their ascending-ordered counter-
parts (P22 and P28). As mentioned above,
choice in P25 and P29 actually favored the
chained schedule in the 30-s condition.
A summary of the absolute rates of re-

sponding on both keys during the initial links
and the terminal links of the concurrent chains
appears in the Appendix. Figure 2 depicts the
absolute rates of responding in each compo-
nent of the chained and tandem schedules as
a function of the duration of C1. The data
presented in Figure 2 include, for each bird,
only those conditions using the same type of
S2 over all five conditions-that is, nonlocal-
ized conditions for P22 and P25 and localized
conditions for P28 and P29. The absolute rates
of responding during the terminal link varied
according to the type of schedule and, within
the chained schedule, the type of S2. In the
tandem schedule, response rate under Cl was
always lower than that under C2. This rate
difference between components was demon-
strated in all subjects except on one occasion
(for P25 when C1 was 5 s). Apart from in-
dividual variations, responding in both com-
ponents showed a general decreasing trend
with the increasing Cl duration. Under the
chained schedule, the relationship between C 1
and C2 rates depended on the type of S2.
When S2 was localized (P28 and P29), the
C2 rate was clearly higher than the C1 rate,
especially in P28; but the C1 and C2 rates
showed no consistent trend with the length of
Cl. When S2 was nonlocalized (P22 and P25),
the rate differences between components
showed little consistency across conditions and
subjects. As shown in Figure 2, P22 had sim-
ilar C1 and C2 rates in one condition (C1 =
30 s); however, in three other conditions, the
C1 rates were lower than the C2 rates, and
in yet another condition (C1 = 5 s), the rate
difference was reversed. On the other hand,
P25 had virtually indistinguishable compo-
nent rates in four of the five conditions shown
and, on two occasions, the C1 rate was higher
than the C2 rate. According to cumulative rec-
ords not presented here, in the tandem sched-
ule performance under the FI component (Cl)
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posure to a concurrent-chains procedure with equal-du-
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terminal links. The connected points are from conditions
that had the same type of delayed stimulus (either all
localized or all nonlocalized).

exhibited a scalloped or break-and-run pat-
tern; near the end of the interval, the steady
run of responses tended to "spill over" into
the FT component (C2) until reinforcement.
During the chained schedule, similar patterns
were observed, although responding often
slowed very briefly following the transition
from Cl to C2, which, unlike the tandem
schedule, was accompanied by a stimulus
change; the high rate in C2 tended to be even
higher when S2 was localized.

DISCUSSION
The present results show that pigeons, ex-

cept in three of the 28 conditions, preferred a
tandem schedule that terminated with re-
sponse-independent food delivery to its equiv-
alent chain. The preference, although small,
cannot be accounted for by the distributions
of reinforcers produced by responding on the
two keys, because the reinforcement propor-
tions, in all conditions, stayed close to .50 (see
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ules, as a function of the duration of the first component
of the terminal links of concurrent-chains procedures.

Table 1). Nor could it be due to response
biases inasmuch as baseline performance in-
dicated little key bias in all birds, and possible
color bias had been controlled by using the
same stimulus for S1 in both terminal-link
schedules. The preference for the less seg-
mented schedule is in accord with findings
from previous research on segmentation and
choice. Both Fantino (1983) and Leung and
Winton (1985) found that pigeons preferred
a tandem schedule terminating with response-
dependent food delivery over its corresponding
chained schedule. In some conditions of an
experiment, Wallace (1973) assessed choice
between equal length simple and chained
schedules of response-independent food deliv-
ery (i.e., chained FT x-s FT x-s and simple
FT 2x-s). A clear and consistent preference
for the unsegmented schedule was also found.
All of these results suggest that segmenting a
response-independent IRI and segmenting a
response-dependent IRI are likely to produce
similar effects on choice.
One purpose of the present study was to

examine the effect of the locus of the segmen-
tation stimulus on choice by using either a
localized or nonlocalized stimulus as S2. Ex-

cept when Cl was 5 s, the locus of S2 did not
seem to affect the magnitude of preference in
other conditions using longer Cls. The choice
functions depicted in Figure 1 have similar
shapes and are comparable across individual
birds whether S2 was localized or not. Such
results suggest that the locus of the stimulus
signaling the latter component in a segmented
schedule is not crucial so long as the segmen-
tation gains control over behavior.

Three aspects of the present data appear
inconsistent with previous research findings.
The first aspect is the low preference obtained
for the less segmented tandem schedule, which
ranged only from .45 to .62. Taking into con-
sideration the IRI durations employed by the
present experiment, these choice proportions
are small compared with those found by Dun-
can and Fantino (1972) and by Leung and
Winton (1985). For instance, in their first ex-
periment, Duncan and Fantino reported choice
proportions of values well above .70 when the
IRI was either equal to or greater than 20 s.
A second differing aspect of the present results
is that preference for the less segmented IRI
decreased when the Cl duration of the ter-
minal-link schedules increased. In other words,
preference was a negative function of the size
of the terminal-link IRI that was directly pro-
portional to the Cl duration. Again, this is
inconsistent with the result obtained both by
Duncan and Fantino and by Leung and Win-
ton, who reported a generally positive rela-
tionship between preference and the IRI size.
The third and most puzzling differing aspect
of the results is the reversal of preference for
the chained schedule exhibited by 2 birds when
the IRI was 30 s. Illustrating this inverse re-
lationship between preference and C1 dura-
tion, P25 showed indifference when Cl was
20 s and both P25 and P29 slightly preferred
the chained to the tandem schedule when Cl
was 30s. The reversal is unexpected in that
previous studies always found choice favoring
the less segmented IRI over the segmented one.

These discrepancies could have been the
outcome of the particular terminal-link sched-
ules employed in the present experiment. Un-
like Duncan and Fantino (1972), we pre-
sented response-independent instead of
response-dependent reinforcers in the termi-
nal links of the concurrent chains. This ar-
rangement may have lowered the preference
for the less segmented schedule. Similarly low
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values were found by Wallace (1973), who
compared a pair of time schedules (i.e., simple
FT 2x-s versus chain FT x-s FT x-s). How-
ever, Wallace did not observe any reversal of
preference favoring the segmented schedule of
response-independent food delivery. Hence,
although the response-independent character-
istic of the present procedures may acount for
the weak preference observed, it cannot re-
solve the reversal of preferences. Another pos-
sibility was the failure of the schedules to con-
trol appropriate behavior in the terminal link,
which might in turn have affected choice in
the initial link. Evidence favoring this inter-
pretation can be seen in the response-rate data
presented in Figure 2. It is obvious that re-
sponding during the terminal link was not
consistent across birds. For example, although
both Birds P22 and P25 (S2 nonlocalized)
showed a decreasing trend in responding dur-
ing C1 of the chained schedule, they exhibited
different trends during C2. Specifically, in four
of the five conditions shown, P25 responded
at approximately equal rates in both compo-
nents of the chain, indicating that the com-
ponents may not have been discriminated. As
for the other 2 birds, P28 and P29 (S2 local-
ized), although Cl and C2 rates can be clearly
distinguished, there is no clear trend in re-
sponding that distinguishes the chained and
the tandem schedules. However, even if these
inconsistencies in terminal-link responding
were responsible for the weak preference and
reversal, they may not be able to account for
the negative functions shown in Figure 1. It
appears that other factors not yet identified
have contributed to our findings.
One possible factor is the relative duration

between Cl and C2, which we conveniently
labeled "segmentation ratio." To investigate
the effects of different methods of segmenta-
tion on choice, we varied the length of C 1 over
conditions while keeping C2 constant, and a
negative relationship between preference and
the Cl duration was obtained. This finding,
however, might be attributable to two vari-
ables that were incidentally varied as a result
of manipulating the duration of Cl. These
were the IRI size and the segmentation ratio.
Available evidence suggests that the former
factor is unlikely to be responsible. In fact,
according to the studies by Duncan and Fan-
tino (1972) and by Leung and Winton (1985),
increasing IRI size should produce high or

even extreme preference for the tandem
schedules. The latter factor, segmentation ra-
tio, however, has not yet been evaluated ap-
preciably with respect to its effect on choice,
for all previously reported studies of segmen-
tation and choice have bisected the IRI, leav-
ing the segmentation ratio at 1:1. This was
not the case in the present experiment, as the
Cl duration was either longer or equal to the
C2 duration, leading to segmentation ratios
greater than 1:1 in all conditions except when
Cl had a value of 5 s. The incentive theory of
choice proposed by Killeen (1982) predicts that
the magnitude of preference for a less seg-
mented schedule may vary with the Cl du-
ration in the segmented schedule. To assess
whether the segmentation ratio affects choice
between segmented and less segmented sched-
ules, future research must control for the size
of the IRI in addition to manipulating the
relative durations of Cl and C2.

Formally, the segmented FT schedules used
in the present experiment resemble schedules
that have been used to study delayed rein-
forcement. Moreover, the delay in the chained
schedule was signaled, whereas that in the
tandem schedule was not. From such a per-
spective, our procedure is comparable to that
employed by Marcattilio and Richards (1981),
who presented pigeons with two VI 60-s
schedules of delayed reinforcement in the ter-
minal link. The delay, ranging from 0 to 10 s
in different conditions, was unsignaled for
one schedule, and was signaled (by simulta-
neously switching off the keylight and house-
light and turning on a yellow pilot light) for
the other. Consistent with other studies on
signaled-delay reinforcement (e.g., Badia,
Ryan, & Harsh, 1981; Lewis, Lewin, Mueh-
leisen, & Stoyak, 1974), these authors re-
ported that the schedule of delayed reinforce-
ment was chosen more often when the delay
was signaled than when it was unsignaled. In
other words, Marcattilio and Richards' re-
sults suggest that a segmented schedule is pre-
ferred to its less segmented counterpart. This
is generally inconsistent with the present find-
ings and with those of Duncan and Fantino
(1972), Fantino (1983), Leung and Winton
(1985), and Wallace (1973). A detailed com-
parison between Marcattilio and Richards'
experiment and these segmentation studies re-
veals one major feature that may be respon-
sible for their finding of preference for the
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segmented schedule over the less segmented
one. In their terminal link, Marcattilio and
Richards employed segmented schedules of dif-
ferent component periodicity-that is, Cl was
aperiodic (VI) whereas C2 was periodic (FT).
By contrast, other segmentation studies have
used schedules of the same periodicity-that
is, either both periodic (e.g., Duncan & Fan-
tino, 1972; Fantino, 1983) or both aperiodic
(e.g., Schneider, 1972). One direct conse-
quence of the procedure adopted by Marcat-
tilio and Richards is that the cycle-to-cycle
duration of C1 in the terminal link varied due
to the use of a VI schedule. In each entry, the
terminal link varied due to the use of a VI
schedule. In each entry, the terminal link
would have presented an IRI and a segmen-
tation ratio that differed from the previous
entry. Perhaps such molecular variation in the
terminal link affected choice responding in the
initial link. Exactly why component periodic-
ity could produce a positive segmentation ef-
fect on choice is not clear. According to some
preliminary work in this laboratory, it ap-
pears that the periodicity of the component
schedules could have affected the averaged
segmentation ratio that may in turn influence
choice. Systematic research on the effect of pe-
riodicity of segmented schedules on choice
should clarify this issue.
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APPENDIX
Absolute rates of responding on both keys during the initial link and the terminal links of the
concurrent chains. The first and second components of the segmented schedule are signified as
Cl and C2. Nonlocalized conditions are indicated by (N).

Initial-link response Terminal-link response rate (per/mi.)
rate (per/min.)

Tandem Chain key Tandem key
Subj. Cl of the chain Chain key key CI C2 C1 C2

P22 *FI 5-s 47.8 65.7
FI 5-s (N) 42.2 68.9
*FI 10-s 40.5 52.2
Fl 10-s (N) 38.6 55.6
FI 15-s (N) 27.2 30.7
Fl 20-s (N) 23.3 24.2
FI 30-s (N) 20.0 21.7

P25 FI 30-s(N) 19.1 15.6
FI 20-s (N) 22.0 21.6
Fl 15-s (N) 21.9 24.7
Fl 10-s (N) 29.3 33.0
*FI 10-s 24.0 28.2
*FI 5-s 35.6 40.2
FI 5-s (N) 31.7 43.8

P28 FI 5-s 25.6 32.6
*FI 5-s (N) 22.8 34.2
*FI 10-s (N) 20.7 27.5
FI 10-s 16.3 25.5
FI 15-s 13.5 18.6
FI 20-s 12.2 16.2
FI 30-s 9.7 10.9

P29 FI 30-s 13.5 12.0
FI 20-s 26.3 28.5
FI 15-s 31.0 36.4
FI 10-s 35.5 40.0
*FI 10-s (N) 36.1 40.7
FI 5-s 43.7 55.6
*FI 5-s (N) 39.8 52.7

* Terminal-link response rate not shown in Figure 2.
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