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a b s t r a c t

Past studies using the concurrent-chain procedure showed that pigeons and humans generally prefer
an unsegmented schedule to a segmented schedule. This finding is ostensibly inconsistent with theories
of conditioned reinforcement such as delay-reduction theory. In the present study with humans, two
ccepted 7 June 2010

eywords:
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elay-reduction

changes in the basic segmented schedule were implemented to resolve this inconsistency. The first change
was that in the segmented schedule the terminal-link stimulus (S+ stimulus) changed late in the terminal-
link, close to reinforcement presentation. The second change was that the presentation of the segmenting
stimulus, S+, was brief allowing a reinstatement of the early terminal-link stimulus, which is contiguous

ata c
ted w
umans
reference
egmentation

with reinforcement. Our d
when a brief S+ is correla

. Introduction

Imagine that you must wait a prolonged period to obtain a
eward. Would you prefer a situation in which no temporal cue
ccurs before the arrival of reward or would you prefer a single cue
ometime during the interval indicating how much time remains?
or example, without cue, you might spend the entire duration of
0 min without any external cue that indicates how much time
emains. With-cue, after 25 min a friend tells you that you will
eceive the reward in 5 min. A rich literature on conditioned rein-
orcement suggests that a with-cue outcome would be preferred.
his is because according to delay-reduction theory (DRT; Fantino,
969, 2008) the verbal cue is correlated with an 83% (25 of 30 min)
eduction in time to reward and might therefore function as an
ffective conditioned reinforcer, thereby enhancing preference.

However, from a different perspective, based on research on
chedule segmentation, the opposite prediction might be made
ecause the verbal cue segments the temporal interval, and typ-

cally an unsegmented outcome is preferred (Duncan and Fantino,
972; Leung and Winton, 1986, 1988, all with pigeons; Leung, 1989,
993 with humans). Research on segmentation and preference has

een conducted with concurrent-chain schedules developed by
utor (1960, 1969) and Herrnstein (1964) in which preference for

wo outcomes is measured by responses in the choice phase (dur-
ng the so-called initial links). Since the two schedules in the choice
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rance, rue du Barreau, BP 60149, 59653 Villeneuve d’Ascq Cedex, France.
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onstitute the first demonstration of preference for the segmented schedule
ith a greater reduction in delay to reinforcement.

© 2010 Elsevier B.V. All rights reserved.

phase are typically equal, any difference in responding to them may
be attributed to preference for the respective following outcomes
(the so-called terminal-links).

Is preference for the unsegmented outcome due to a lack of
segmentation per se, namely due to a preference for one seg-
ment during the unsegmented outcome as opposed to two or more
segments for the segmented outcome? Or is preference for the
unsegmented outcome due to the fact that the stimulus obtained
at the onset of the unsegmented outcome is the same as the stim-
ulus present when the reinforcer is obtained whereas the stimulus
obtained at the onset of the segmented outcome is different (at
least in the typical segmented schedule where the terminal-link
starts with one stimulus and ends with another)? In effect, in this
case, it looks like a self-control situation involving conditioned rein-
forcement. The unsegmented schedule stands for the impulsive
alternative because following a choice response, a lower valued
conditioned reinforcer is presented (lower valued because its onset
is relatively far from food delivery). And the segmented alter-
native stands for the self-control alternative because following a
choice response, a higher valued conditioned reinforcer presenta-
tion is delayed (higher valued because its onset is relatively closer
to reinforcement and the earlier stimulus has no or relatively lit-
tle conditioned value because it is not contiguous with food). The
present experiment explores these questions with human partici-
pants. In one condition, similar to the typical segmented schedule,

the stimulus at the onset of the segmented outcome differs from
the stimulus that precedes reinforcement. However in another con-
dition, the stimulus in the beginning of the outcome is the same as
the stimulus at the end of the outcome, just before reinforcement,
with a different stimulus being presented at some point during the

dx.doi.org/10.1016/j.beproc.2010.06.009
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
mailto:jerome.alessandri@univ-lille3.fr
dx.doi.org/10.1016/j.beproc.2010.06.009
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gle 15-min sessions per participant consisted of eight successive
presentations of blocks of two training trials (i.e., one for each com-
ponent; see Fig. 1) followed by one test trial, resulting in 24-trial
sessions. As shown in Fig. 1, on training trials, the initial link, rep-
resented by a circle colored in white, was presented at the left

Fig. 1. Schematic representation of the experimental procedure in training trials in
Experiments 1 and 2. The left portion of the figure represents the segmented compo-
nent and indicates the sequence of events when the participant clicked once on the
left key during the initial links (the circle was colored white and one click to it acti-
vated the terminal-link) The right portion represents the unsegmented component
and indicates the sequence of events when the participant clicked once to the right
circle in initial link. The segmented schedule (Component A) consisted of a presen-
tation of a brief S+ stimulus (i.e., blue) after 20% or 80% of the terminal-link duration
J. Alessandri et al. / Behavi

utcome (called here the S+ stimulus). We might expect a diminu-
ion or elimination of preference for the unsegmented outcome in
his condition because in the segmentation alternative the early
timulus is now contiguous with reinforcement and would have
he same value as the terminal-link stimulus of the unsegmented
lternative.

There are three hypotheses implicit in this discussion. (1) Num-
er of Segment Hypothesis (NSH): This hypothesis proposes that
reference is inversely related to the number of segments in a given
utcome. According to NSH, the unsegmented outcome should be
referred with the reinstatement outcome least preferred (since it
as three segments). (2) Reinstatement Hypothesis (RH): Accord-

ng to the reinstatement hypothesis, the unsegmented outcome is
referred since the stimulus produced upon entry into the outcome

s also contiguous with reinforcement. If so, preference should also
ccur in the segmented outcome in which the stimulus produced
pon entry into the outcome is reinstated before (and there-
ore is contiguous with) reinforcement. Thus if the reinstatement
ypothesis is sufficient, both the reinstatement outcome and the
nsegmented outcome should be preferred to the conventional
egmented outcome. (3) Delay-reduction Hypothesis (DRT): DRT
redicts the value of a conditioned reinforcer based on the signaled
elay reduction of overall time to the primary reinforcer. According
o DRT, preference should be greatest for the segmented outcome
ith or without reinstatement since the S+ signals an 83% delay

eduction in either case.
In the studies of segmentation cited above (e.g., Duncan and

antino, 1972; Leung, 1989), stimulus change as a result of segmen-
ation occurred midway through the terminal-link. Therefore, in
erms of DRT, the stimulus change was correlated with a 50% reduc-
ion in time to reward. In contrast, Leung and Winton (1986, 1988)

anipulated the temporal location of segmentation in several con-
itions with pigeons. When the S+ stimulus in the segmented
utcome was relatively close to the reinforcement (and there-
ore correlated with greater delay reduction), preference for the
nsegmented outcome tended to be less pronounced, thus was con-
istent with DRT. To further investigate the importance of temporal
actors regarding the stimulus change, in the present experiment
ith humans, we compared conditions in which the intervening

timulus was correlated with 20% or 80% delay reduction (i.e.,
anipulating the segmentation ratio on preference relative to the

nsegmented schedule). Here we might expect greater preference
or the unsegmented outcome when the delay reduction correlated
ith the intervening stimulus of the segmented outcome was only

0%, but preference for the segmented schedule when the S+ stim-
lus occurred after 80% of the outcome and the earlier stimulus
as reinstated. With respect to the comparison of the 80% and

0% delay-reduction groups, the reinstatement and number of seg-
ents hypotheses predict an absence of difference in choice for the

egmented schedule. For DRT, of course, the proportion of choice
or the segmented schedule in the 80% group should be higher than
n the 20% group.

Experiment 1 tested the effect of segmentation ratio (i.e., seg-
ented at 80% or 20%) on preference relative to the unsegmented

chedule, when the early terminal-link stimulus was reinstated,
nd Experiment 2 tested the same effect when the early terminal-
ink stimulus was not reinstated and was instead replaced by a new
timulus.

. Experiment 1
.1. Materials and methods

.1.1. Participants
The participants were 32 undergraduate students (20 females

nd 12 males) at the University of Lille who were all volunteers
rocesses 85 (2010) 72–76 73

without any compensation. They were recruited at the library of
the university.

2.1.2. Apparatus
The study was conducted in a sound-attenuated chamber. Each

participant was seated in a chair at a table on which a monitor con-
nected to a computer was placed. All participants were trained and
tested with a program created with Labview 8.0 (National Instru-
ments Corporation, Austin, TX).

2.1.3. Procedure
At the start of the experiment, participants were given instruc-

tions presented on the screen generally explaining the procedure
(the exact instructions are provided in Appendix A). Participants
were also orally told before these instructions that the aim of the
experiment was to study preference during a waiting time.

Fig. 1 illustrates schematically the general procedure. Sin-
had elapsed and lasted for 4 s after which either the early terminal-link stimulus (i.e.,
green; Experiment 1) or a new stimulus was presented (i.e., grey; Experiment 2) for
x s until reinforcement presentation. The terminal-link duration of the segmented
schedule matched the terminal-link duration of the unsegmented alternative. The
presentation of each component alternated. Note that after the brief S+ stimulus
presentation the initial link stimulus reappeared until reinforcement onset.
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Table 1
The individual percentage of choice for the segmented schedule in the between-
subject conditions of Experiment 1 (not included the within-subject follow up
results) and of Experiment 2. The group mean percentage of choice and standard
error mean for each phase are also shown.

Condition

Experiment 1 Experiment 2

80%
reinstatement

20%
reinstatement

80% no
reinstatement

20% no
reinstatement

100 0 75 25
100 25 50 75

50 25 25 0
100 100 50 100
100 100 100 100

50 25 100 25
100 50 75 50
100 0 50 0

75 25 100 0
75 100 75 25
75 25 75 100

100 25 75 100
75 100 25 50

side of the segmented alternative nor the colors associated with
the segmented schedule affected the choice pattern. These results
are important for two reasons: the first is that it replicated the
observed preference for the segmented schedule in the 80% rein-
4 J. Alessandri et al. / Behavio

or one component and at the right of the monitor screen for the
ther component. One mouse click to the circle made it disappear
i.e., fixed-ratio 1, or FR1 schedule) and initiated the terminal-link
timulus that was a change in color of the circle to either blue or
reen (i.e., the color change was counterbalanced between sub-
ects). The delay of reinforcement in the terminal-links was the
ame for both components, that is, a variable delay with a mean
f 36 s (variable-time 36 s, or VT 36 s schedule). The distribution of
elays for the variable schedule was 24, 32, 40, and 48 s (equiprob-
ble, mean = 36 s) and the scheduled delay was always the same
ithin a block of two components and for the test trial. Each delay

alue was presented twice in a random order (four values, pre-
ented twice each, for a total of eight trials for each of the two
omponents). For both components, reinforcement consisted of
3-s presentation of a preferred picture chosen initially by the

articipant among 15 available pictures or drawings (the 15 pre-
elected as desirable to look at by several males and females, the
ictures are available from the first author). The terminal-links dif-
ered between components in whether or not the color of the circle
hanged during the terminal-link. Specifically, in the unsegmented
chedule (Component B in Fig. 1), the same color was present
ntil reinforcement delivery (i.e., blue or green, counterbalanced
etween participants). In the segmented schedule (Component A

n Fig. 1), the color changed from blue to green, or green to blue
again, the stimulus change was counterbalanced across partici-
ants) for 4 s after 19.2 s, 25.6 s, 32.0 s, or 38.4 s of the terminal-link
uration had elapsed (80% of the variable terminal-link durations of
4, 32, 40, and 48 s, respectively. As described below, a 20% condi-
ion was also conducted.) Then the original terminal-link stimulus
eturned and was presented for the remaining time of the sched-
led terminal-link. The order of training trial type (i.e., segmented
r unsegmented component) was randomized for each partici-
ant, and the position of the segmented vs unsegmented outcome
as counterbalanced across participants. On test trials participants
ere asked a single question: “Which side do you prefer? Click left

r right.”
The different groups will now be described. Conditions only dif-

ered with respect to Component A (see Fig. 1). For each condition,
4 different participants were recruited and tested in a between-
ubject design.

80% reinstatement. In Component A, the 4-s stimulus was pre-
ented after 80% of the terminal-link duration had elapsed, then
he original or early terminal-link stimulus was reinstated and was
resented until reinforcer delivery.

20% reinstatement. In Component A, the 4-s stimulus was pre-
ented after 20% of the terminal-link duration had elapsed, then
he early terminal-link stimulus was reinstated and was presented
ntil reinforcer delivery.

.1.4. Follow up
For four additional participants, the same experimental proce-

ure as the 80% reinstatement was used except that the number of
locks was increased from 8 to 10, and five instead of one session
ere conducted per participant, in order to increase the stability

nd reliability of the results that were previously collected in a sin-
le session. The left/right position of Components A and B (see Fig. 1)
ere randomized between sessions and also the color of stimulus

hange (blue to green, or green to blue). All other aspects remained
nchanged.

.2. Results and discussion
As it can be seen in Table 1, the results show that for the 80%
einstatement group, most of the participants (i.e., 12 of 14) pre-
erred strongly the segmented component (M = 85.71%; above 50%
ndicates preference). Whereas, for the 20% reinstatement group,
100 0 75 100
85.71 42.86 67.86 53.57

5.05 10.62 6.65 11.07

no systematic preference for any schedule was found (M = 45.83%).
The difference between the 80% reinstatement group and the 20%
reinstatement group in choices of the segmented outcome was
significant, �2 (1, 14) = 9.33, p < .001. These results showed a prefer-
ence for the segmented schedule only when the S+ appeared closer
to reinforcement. This outcome is predicted by delay-reduction
theory because the value of a stimulus depends on the amount of
delay reduction it signals (Fantino, 1969). In effect, the S+ in the 80%
reinstatement group was relatively closer to reinforcement com-
pared to the one in the 20% reinstatement group that signaled a
small delay reduction compared to the terminal-link stimulus in
the unsegmented component.

As it can be seen in Fig. 2, the results show relatively stable
preference for the segmented outcome sessions (i.e., above 50%)
over five sessions for all participants, except for P2 in which a
shift in preference toward the segmented side was observed at
the fourth session, and P1 in session 2. Furthermore the other par-
ticipants showed a clear preference for the segmented alternative
from the first session. Finally in most of participants neither the
Fig. 2. Individual choice proportion for the segmented VT schedule in the follow up
condition for five sessions.
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tatement group. The second reason is that preference scores were
table and reliable despite changes in procedure arrangements
etween sessions as the side and the colors associated with the
egmented vs unsegmented schedule (it means that in this proce-
ure, preference was not biased by the position and the specific
olors). So preference scores collected in the first session should be
good indicator of preference scores after up to fourth sessions or
nder testing on different stimulus conditions. Consequently here,

t seems to be well-adapted to test human participants under a sin-
le session and without counterbalancing side and color associated
ith the segmented vs unsegmented schedule, since participants

ested here behaved similarly to those in the between-subject
esign.

. Experiment 2

In Experiment 2, the purpose was to investigate the idea that
reference for the segmented schedule observed in Experiment 1
as also affected by the reinstatement of the early stimulus, in

ddition to the increase in delay reduction signaled by the S+ stim-
lus. To address this issue, two parallel conditions of Experiment
(segmentation at 20% and at 80%) were implemented in which

he early terminal-link stimulus on the segmented component was
ot reinstated following the S+ presentation. If absence of prefer-
nce for the segmented schedule, observed in the literature, was
ue to the absence of contiguity with reinforcement for the early
erminal-link stimulus, then we should observe the same outcome
ere when a novel stimulus was presented following the S+, one
hat also was contiguous with reinforcement. So, no difference in
reference for the segmented outcome should be expected within
he same group (20% and 80% delay reduction).

.1. Materials and methods

.1.1. Participants and apparatus
The participants were 28 undergraduate students (18 females

nd 10 males) at the University of Lille who were all volunteers
ithout any compensation. They were recruited at the library of

he university. The apparatus was the same as the one used in
xperiment 1.

.1.2. Procedure
The procedure was similar as the one described in Experiment

except that in Component A (see Fig. 1), a new stimulus (i.e., grey
ircle) was inserted, following the S+ presentation, that replaced
he reinstatement of the early terminal-link stimulus in Experiment
. All other aspects remained unchanged.

.2. Results and discussion

Results showed that most participants (i.e., 9 of 14) preferred
he segmented alternative in the 80% no reinstatement group
M = 67.86%; above 50% indicates preference), and that in the 20% no
einstatement group, no systematic preference for any alternative
as observed (i.e., 6 of 14 preferred the segmented component, and
of 14 preferred the unsegmented component). However, unlike

xperiment 1, there is no reliable difference between the 80% no
einstatement group and the 20% no reinstatement group in choices
f the segmented outcome, �2 (1, 14) = 1.29, p = .2556.
. General discussion

The present results show that humans reliably preferred a VT
egmented schedule over an equivalent VT unsegmented schedule
hen the S+ stimulus of the segmented schedule was presented
rocesses 85 (2010) 72–76 75

briefly and was correlated with a 80% of delay reduction to rein-
forcement. These results are in conflict with those collected with
a comparable experimental procedure in which preference for the
unsegmented schedule was typically found (e.g., Leung, 1993). In
the introduction, we asked which variable controls preference for
an unsegmented schedule, as is commonly observed in the litera-
ture observed in literature. Three hypotheses were proposed. The
first one, NSH, required preference to be an inverse function of the
number of segments in the outcome. The second hypothesis, RH,
was to explain the greater conditioned value of the unsegmented
component by the fact that its terminal-link stimulus was contigu-
ous with reinforcement unlike the early terminal-link stimulus of
the segmented outcome. Therefore, the early terminal-link stim-
ulus was viewed in the literature as an S-Delta (e.g., Duncan and
Fantino, 1972). According to the third hypothesis, DRT, when the
component is segmented in half, the S+ stimulus is not associated
with sufficient delay reduction to be preferred over the unseg-
mented outcome (even if it signals a greater delay reduction relative
to the terminal-link stimulus of the unsegmented component). So
if the S+ stimulus was presented closer to reinforcement, then it
could increase preference for the segmented alternative. In fact
the present results give some support to both the reinstatement
hypothesis and to DRT. Note, that the two hypotheses are not mutu-
ally exclusive and may interact in their effect on preference. In
effect, for the reinstatement hypothesis, within the conditions in
which in the segmented schedule the S+ stimulus was presented
after 80% of the terminal-link had elapsed, we observed preference
for the segmented schedule when the early terminal-link stim-
ulus was also contiguous with reinforcement delivery (i.e., was
reinstated after the S+ presentation) (Experiment 1) and no sig-
nificant preference when it was not (Experiment 2, even if a small
preference for the segmented component was observed). But the
difference in preference could not be accounted for solely by the
reinstatement variable as we found no preference for the seg-
mented schedule when the S+ stimulus occurred after 20% of the
terminal-link duration although the early terminal-link stimulus
also returned and was contiguous with reinforcement delivery.
For the delay-reduction hypothesis, the variable that could explain
the shift of preference was likely the manipulated delay between
S+ onset and reinforcement delivery in the segmented schedule
(i.e., the degree of reduction in delay of reinforcement the stimu-
lus signals). In effect, we observed preference for the segmented
schedule only when the S+ stimulus was correlated with a rel-
atively great delay reduction to reinforcement as predicted by
DRT (Fantino, 1969, 2008). A similar shift of preference toward
the segmented alternative or at least a decrease of preference for
the unsegmented outcome was also found in other studies when
the interval between the second terminal-link stimulus onset and
reinforcement delivery was decreased (Leung and Winton, 1986,
1988). In terms of the three hypotheses discussed in the intro-
duction (reinstatement, number of segments, and DRT), and the
ranked preference they predict, only DRT provided an approxima-
tion to the obtained preferences. It appears that DRT, modulated
by the influence of reinstatement, captures the preference ordering
obtained.

To conclude, first, the results collected here indicate that in
certain conditions we observed preference for a schedule that
included a brief stimulus correlated with a substantial (80%) reduc-
tion in time to reinforcement. Whereas superimposed brief stimuli
have often failed to affect preference, the stimuli from prior
studies were not correlated with delay reduction (e.g., Schuster,

1969; see Fantino, 2008, for a review). Second, when the stimu-
lus present at the onset of a segmented outcome is the same as
the one present at the onset of reinforcement, the well-established
preference for unsegmented over segmented outcomes was not
observed.
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ppendix A. Appendix A

The oral instructions given at the beginning of the experiment
as the following:

“You will see the picture you have selected on the monitor
creen. To see the picture, you have to click on one circle that will
e presented at the left or right of the screen. You will then have
o wait a few seconds before you see the picture. During this time
lease remain focused on the circle because different events will
ppear on the different circles. Please, don’t count the time during
he waiting period.” (this was because subjects could discover by
ounting that both outcomes last actually the same time).
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