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ABSTRACT
Previous research demonstrates that variability is a feature of operant behavior that
can be reinforced. When variability is reinforced (on a VI60 schedule) concurrently to
a difficult target behavior (on a CRF schedule), it facilitates the acquisition of the
target behavior. The current study aimed to discover if this acquisition could be
further facilitated with the addition of differential outcomes to the reinforcement
obtained for the target behavior and for variable behaviors. Specifically, in the
differential outcomes phase (DO), a 3 second delay was added before the delivery of
reinforcement for variable responses, as opposed to reinforcement obtained
immediately for both variable and target behaviors in the equal outcomes phase (EO).
4 experimentally naive Carneaux pigeons were placed in operant chambers and
exposed to an ABC design consisting of a baseline phase, an equal outcomes phase
and a differential outcomes phase. There was no clear effect on the speed of
acquisition of the target sequence in the DO, EO or the baseline phase. Further
research should use different stimulus features across phases and more difficult
response sequences to investigate whether differential outcomes does affect the
acquisition of a target sequence in a concurrent schedule setup such as this one.

viii

INTRODUCTION

The selection of behavior and the selection of genetic material both occur via
a process known as Selection by Consequences (Skinner, 1986). Genes that provide
an organism with an advantage in the environment allow it to survive to reproduce
and are more likely to be passed on than those that do not. A parallel to this
phylogenic selection occurs with behavior on an ontogenic level. Behavior that
operates on the environment to bring about reinforcement is more likely to occur
again in the future. For this phylogenic selection to occur, there must be differences in
the baseline behaviors of each organism, commonly known as variability. Having
variability in the operant level of a behavior causes selection in favor of those
behaviors that benefit the organism. Variability is therefore an essential component of
organismic behavior that has an adaptive value, providing a wider range of behaviors
from which the environment can then select (Palmer & Donahoe, 1992).

The Use of Variability
Variability is often needed in applied settings. For example, when it is
determined that a specific behavior should exist in an individual’s repertoire but
currently does not, one of the most effective methods to teach this skill is shaping.
During shaping, successive approximations to a target behavior are differentially
reinforced along one or more dimensions of a behavior. For shaping to occur, there

1

2

must be variability, and when one of these responses happens to be further along the
selected dimension, it is selected for reinforcement.
A predicament is encountered when there is little or no variability in the
responding from which the environment can select. If shaping is attempted at this
point when there is stereotypy, or no variation in the responses, there will be no
behavior that meets the criterion for a successive approximation. In cases like this, a
goal would be to first increase the level of variability in the responding of the
organism, which in turn would permit the selection of behavior through shaping.

Methods to Increase Variability
One method for increasing variability is the use of extinction. Skinner
defined extinction as a state “when reinforcement is no longer forthcoming, a
response becomes less and less frequent…” (Skinner, 1953, p.69). Reinforcement is
withheld and is no longer available for a response that previously produced it. One of
the side effects of extinction is an extinction burst. This is a temporary increase in the
frequency, intensity, variability or duration of the behavior before it decreases
(Cooper, Heron, & Heward, 2007). This increase in variable behavior can therefore
be used to select from. However, a problem here is that necessarily with extinction,
the frequency of responding also decreases because without reinforcement, behavior
is not maintained. Additionally, although variability does increase, the frequency of
behaviors that were effective before extinction is also increased; the most common
behaviors before extinction are also the most common emitted during extinction
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(Neuringer, Kornell & Olufs, 2001). If an approximation of the behavior is not seen
during this brief increase in variability and reinforced, then responding extinguishes,
leaving little behavior from which to select. This makes the use of extinction a risky
and therefore undesirable method for increasing variability.
Another suggested method to increase variability is to decrease the
frequency of reinforcement that is delivered for responding (Grunow & Neuringer,
2002). This would remove the problem present in extinction that responding
decreases over time, thus allowing there to be less reinforcement yet responding to be
maintained. However, reinforcement frequency has been found to only exert weak
and statistically insignificant effects on the levels of variability produced (Grunow &
Neuringer, 2002).

Variability as a Feature of Operant Behavior
The concept of variability as a dimension of operant behavior that can be
increased through contingent reinforcement has been one that has been debated
(Neuringer, 2002). Karen Pryor published the first demonstration of the use as
variability as a criterion for reinforcement in her paper “The Creative Porpoise:
Training for novel behavior” (Pryor, Haag, & O’Reilly, 1969). A porpoise was
trained to be ‘creative’ through the use of a contingency whereby reinforcement was
only delivered if the porpoise emitted a response that was novel (had not been
reinforced before). After 32 training sessions, the porpoise had mastered the novel
behavior contingency and had produced a new behavior in 6 out of 7 consecutive
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sessions. This study provided the first real indication that variability is an operant
class of behavior that can be selected and reinforced like any other. This study
provided a promising indication that variability could be reinforced in animals.
There has been a large controversy concerning the idea of variability as an
operant dimension of behavior (See Schwartz, 1980, 1982; Vogel & Annau, 1973;
Page & Neuringer, 1985). Through a series of experiments, Neuringer and his
colleagues have demonstrated that variability shares similar features to other
dimensions of operant behavior, such as its ability to be brought under stimulus
control (Denney & Neuringer, 1998), that the variability contingency produces
random behavior rather than behavior varied through remembering (Neuringer,
1991), and that variability is not being produced through the frequency of
reinforcement. For the purposes of this study, it will be assumed that variability
shares the same features of a dimension of operant behavior and thus can be
considered as such.

Previous uses of Reinforcement of Variability
Since Pryor’s (1969) successful training of variability in two porpoises, the
direct reinforcement of variability has been used to train varied responding in pigeons
(Machado, 1997) and rats (Neuringer, Deiss and Olson, 2000). Additionally, the
reinforcement of variability has been successful with human participants; for example
in Neuringer (1986). Students were told to generate random number sequences of 1s
and 2s. At baseline it was found that the students’ responses were significantly
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different than those obtained by a random number generator, demonstrating that they
were not performing randomly. Students were subsequently given feedback on five
different dimensions of the sequences they produced at the end of each trial. During
the last 60 trials of the feedback condition, all of the participants were statistically
indistinguishable from the random number generator on all five dimensions,
suggesting that their response sequences were now random. Ross and Neuringer
(2002) also found that variability could be reinforced in humans, and that individual
dimensions of a behavior could be increased in variability while other dimensions of
behavior were repeated in a stereotyped manner using differential reinforcement.
Goetz and Baer (1973) demonstrated that the reinforcement of variability
was successful for manipulating young children’s block-building behaviors. They
provided descriptive praise as reinforcement for a child creating a novel shape or
structure using building blocks. They found that when praise was contingent on novel
structures, variability in the block structures constructed by the children increased.
When this was reversed, and praise was contingent on building a structure or shape
that the child had built before, the frequency of repeated structures increased.

Human Application
These studies demonstrating that reinforcement can bring response
variability under control have significant implications for the teaching of human
clients new behaviors. If variability can be increased, this increases the likelihood of
behaviors that have not been emitted before and thus these can be selected for
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reinforcement in a treatment package such as differential reinforcement of alternative
behaviors (Lee, Sturmey & Fields, 2007). This is of particular relevance for specific
disorders in humans that affect the baseline levels of variability in those affected.
Autism Spectrum Disorder (ASD) is a continuum of developmental
disorders characterized by deficits in communication, stereotyped patterns of
behavior, and impairments of social interaction (American Psychiatric Association,
2013). Mullins and Rincover (1985) found that children with autism show very little
variation in their responding and tend to repeat stereotyped behaviors for longer
periods of time compared to their typically-developing peers when reinforcement is
no longer forthcoming. As shaping is a frequently used component of behavioral
interventions for autism (Peters-Scheffer, Didden, Korzilius & Sturmey, 2011) it is a
useful prerequisite to have variable responding, which in turn will allow more
responses from which to select from during shaping. Miller and Neuringer (2000)
found that through direct reinforcement of variable response sequences, five
adolescents with autism were able to meet the variability contingency as were
typically-developing adults and children. The individuals with autism were less
variable overall than typically-developing adults, but were still able to learn to
respond variably.
Using Variability to Train Operant Behavior
The evidence presented demonstrates the variability can successfully be
reinforced in a number of different species, age-ranges and abilities. The question this
leads to is whether increasing variability facilitates the acquisition of a specific target
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behavior that we want to teach. Neuringer, Deiss and Olson (2000) addressed this
question with the use of concurrent schedules of reinforcement. Three groups of rats
were reinforced on a CRF whenever a target response sequence was emitted. The
second group also received reinforcement on a VI60s for responses that met the
variability criteria on a concurrent schedule. The third group received reinforcement
on a VI60s but this was dependent on the production of any sequence, not for a
variable sequence. This was done to ensure that any effects are due to the
reinforcement of variability not to the reinforcement schedule. All sequences that did
not meet the criteria resulted in a three second time-out. Five different target
sequences were studied, each increasing in length and therefore difficulty: RRL, LLR,
RRLR, LR, and RLLRL. It was found that for the easy sequences (LR, LLR, and
RLL) the rate of responding was similar across the three groups. However for the two
more difficult sequences (RRLR and RLLRL) the rates of responding were
significantly higher for those rats in the two experimental groups. The finding of
interest for the purpose of this study however, is that for the easy sequences all three
groups mastered the contingency for reinforcement, but for the more difficult
sequences the group with the variability contingency acquired the target response at a
significantly faster rate than the control or the non-contingent reinforcement groups.
For the most difficult response sequence, RLLRL, the variability condition was the
only group to master the target sequence at all. This suggests that for more difficult
target behaviors, the concurrent reinforcement of variability facilitates the acquisition
of the target behavior.
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In this concurrent schedule setup, the rats received the same value of
reinforcement for both the target sequence and for meeting the variability criteria; one
food pellet delivered immediately. One of the issues with reinforcing both variable
and stereotyped responses is that this is attempting to increase responding along
opposite extremes of the same dimension of behavior. A question arising from this is
how the animal is to differentiate between reinforcement delivered for meeting the
variability contingency and reinforcement delivered for emitting the target sequence.
These are competing contingencies within the same concurrent schedule, both
reinforcing opposite features of the same dimension of behavior; stereotypy and
variability. If the reinforcement obtained from both is of the same value then there is
little information from which the animal can differentiate which contingency of
reinforcement they are being reinforced for meeting.

The Differential Outcomes Effect
The Differential Outcomes Effect (DOE) is the increase in the rate of
acquisition and accuracy of a target response through the use of different
consequences (Goeters & Blakeley, 1992). The DOE has been found to be effective
in facilitating the acquisition of a target response when the different outcomes are
different quantities of reinforcement (Carlson and Wielkiewicz, 1976), different types
of reinforcement, e.g. food vs. water (Brodigan & Peterson, 1976) and different
delays to reinforcement (Carlson & Wielkiewicz, 1972). It has been shown that a
shorter delay to reinforcement increases the percentage of correct target behaviors
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emitted in comparison to a longer delay (Carlson & Wielkiewicz, 1976). In a choice
situation, pigeons distribute more of their responding to the schedule that provides
more immediate reinforcement than to those where there is a delay until
reinforcement (Chung & Herrnstein, 1967).
In the Neuringer, Deiss and Olson (2000) experiments, variability was
reinforced on a VI60s and the difficult target response was reinforced on a CRF and
this facilitated response acquisition in comparison to those subjects that did not
receive the additional variability contingency. If the same concurrent schedule with a
VI60s for variability and CRF for the target sequences was repeated with the addition
of a delay to reinforcement in the variability contingency, it could be expected that
the subjects receiving a more immediate and therefore valuable outcome for the target
sequence would master the target sequence quicker than those with the same value of
reinforcement for both variable and target sequences.
The purpose of the current study is to determine if combining the DOE with
concurrent reinforcement for variability will facilitate faster acquisition of the target
sequence.

METHOD
Subjects
Four experimentally naïve Carneaux pigeons were used in this study
maintained at 80-90% free-feeding weight and housed in (15”x15”x18.5”) individual
cages on a 16/8 hour light/dark cycle. Water was available to all subjects when in
their cages but not in the operant chambers. Supplemental food was given if needed
to maintain 80% free-feeding weight.

Apparatus
Four operant chambers were used (12”x13.5”x12.5”). Two circular keys of
the same color were in use: the left and right key located 6.5” apart with a centre key
in between which was not used in the current study. The house light was in use, and
the reinforcement was delivered through the food hopper located 5” beneath the keys.
A PC running Windows XP was used to collect data, through the program Med-pc.
Pigeon pellets were used as reinforcement throughout the study.

Procedure
All pigeons were initially hand shaped to eat pellets from the food hopper
and to peck a lit key in the operant chamber. After this the pigeons were exposed to a
schedule where they received reinforcement for pecking any two-peck sequence that
occasionally required a switch between keys. The birds were next placed in a baseline
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condition, in which they only received reinforcement for the target sequence, and then
the following two phases. In the equal outcomes (EO) phase the pigeons received
immediate reinforcement for the target sequence on a CRF and immediate
reinforcement for producing variable response sequences on a variable interval
schedule where they received reinforcement for the first variable response after an
average of 60 seconds (VI60s). In the Differential Outcomes (DO) phase the birds
received immediate reinforcement for the target sequence but delayed reinforcement
for variable responses on a VI60s. During all phases the criteria for extinction was
defined as the bird obtaining less than 5% of the 50 reinforcers available in the
session for three or more consecutive sessions.

Baseline.
After preliminary training, all four birds were exposed to the baseline
condition where reinforcement was provided only when the pigeon pecked the
following target sequence: LLRL. This sequence is different to those used in the other
two phases, but contains the same number of responses and alternations between the
left and right keys. The birds were considered to have mastered the target sequence
when they obtained 40 or more of the 50 available reinforcers from the target
sequence for three consecutive sessions. Once each bird had either mastered the target
sequence, had gone into extinction or had reached 20 sessions, they progressed to
either the differential outcomes phase or the equal outcomes phase.
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Experimental Procedure
During all phases, each trial consisted of four pecks distributed in any
manner across the two keys. At the beginning of each trial, both keys lit up and a
peck to either key immediately darkened that key for 0.2 seconds as feedback for
responding. Between each trial there was an inter-trial interval of three seconds
during which the key lights were turned off but the house light remained on. Pecks
during this period reset the interval and were counted but not used for data analysis.
Each session ended when the pigeon obtained 50 reinforcers or after 50 minutes,
whichever occurred first. During all phases, when the target sequence was pecked, the
key lights were turned off and the hopper light was turned on. Reinforcement was
provided immediately through the operating of the hopper for three seconds. When
the pigeon pecked a sequence that did not match the target sequence (all phases) or
the variability requirements (only in the DO or EO phase) a three second time out
began in which the keys darkened and the house light was turned off. Pecks during
the time out reset the interval.
During the two experimental phases, the VI 60s timer for the variability
schedule was reset to zero when the target sequence contingency was met. The VI60s
contingency for reinforcement was met whenever the bird pecked a sequence that,
based on past sequences pecked during all previous sessions, had a probability of
occurring of 6% or less. When a response occurred, the past frequency of that
response was compared to all other previous sequences pecked across all previous
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sessions and if the probability of the pecked response was less than 6%,
reinforcement would be delivered.
Criteria for mastery in both the EO and DO phase was defined as 40 or more
of the 50 available reinforcers obtained in a session from pecking the target sequence
for three consecutive sessions.

Equal Outcomes Phase (EO).
All pigeons were exposed to the equal outcome phase, two pigeons (bird
one and two) were randomly assigned to enter this phase first, the other two birds
(birds three and four) entered the differential outcomes phase first and the equal
outcomes phase second. This phase used a concurrent schedule of reinforcement
consisting of a VI 60s that delivered reinforcement for responses that matched the
variability criteria specified above and a fixed ratio 1 (CRF) for responses that met
the target sequence criteria. The target sequence was RLRR for one bird and LRLL
for the other bird. Reinforcement for meeting either the variability contingency or the
target sequence contingency resulted in immediate reinforcement.

Differential Outcomes Phase (DO).
The differential outcomes phase followed the same procedure as the equal
outcomes phase except that when the variability contingency was met, there was a
three second delay until reinforcement was delivered during which the keys were
darkened but the house light remained on. After this delay the hopper was activated
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for three seconds of access to grain. Meeting the target sequence criteria still resulted
in immediate reinforcement.

Design
Two ABC and two ACB designs were used in this study across the four
birds. The order that the birds were exposed to the equal outcome and differential
outcome phases was counterbalanced to account for order effects; two birds entered
the equal outcomes phase first, the other two entered the differential outcomes phase
first. The sequences that functioned as target sequences were also counterbalanced; in
the equal outcomes phase one bird started with the RLRR target sequence and the
other started with LRLL. This was reversed in the differential outcomes phase to
reduce any carry-over effects from the first phase; a different target sequence was
used in each phase. The two sequences used in the experimental phases that were
counterbalanced were the inverse of each other.
Sessions were conducted seven days a week for six weeks. Ethical approval
was granted by California State University, Stanislaus, before the beginning of the
study.

Dependent Variables
The initial dependent variable was the number of trials until mastery of the
target sequence. Also, the number of sequences that obtained reinforcement per
session in each phase was recorded, and this was further separated into the number
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obtained for meeting the target sequence criteria and for meeting the variability
criteria (non-target sequences). The frequency of each possible sequence was also
recorded in each session for all phases.

RESULTS
The following results indicate that except for Bird 4, there was no significant
improvement in the number of sessions until mastery of the target sequence in the DO
phase in comparison to the EO phase. Birds 1, 2 and 3 mastered the sequences after a
similar number of sessions in both the EO and DO condition.

Bird 1
During the baseline condition, Bird 1 did not reach the criterion for mastery of
the target sequence, LLRL. Bird 1 obtained less than 5% of the 50 available
reinforcers during session 3, 4 and 5 thus reached the criterion for extinction by the
5th session. Bird 1 was then placed in the Equal Outcomes phase, during which the
bird continued responding throughout the phase and reached the criterion for mastery
of the target sequence, LRLL, by session 18. Bird 1 was then moved into the
Differential Outcomes phase, in which the bird reached the criterion for mastery of
the target sequence, RLRR within 17 sessions. Bird 1 reached the criterion for
mastery of the target sequence in both the EO and DO phases, but marginally faster in
the EO phase. The number of target sequences pecked by Bird 1 and the number of
non-target sequences that met the variability requirement (in the EO and DO phases
only) can be seen in Figure 1.
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Figure 1. The number of target sequences and the number of non-target sequences
that resulted in reinforcement that Bird 1 pecked through the Baseline, Equal
outcomes and Differential outcomes phases.
Using the frequency of each possible sequence as an indication of variability,
the sequences pecked by Bird 1 were more variable during the DO phase than in the
Baseline phase or the EO phase.

Figure 2. The frequency that each 4-peck sequence was produced by Bird 1 in the
Baseline Phase. The target sequence (LLRL) is shown in red.
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Figure 3. The frequency that each 4 peck sequence was produced by Bird 1 in the
Equal Outcomes Phase. The target sequence (LRLL) is shown in red.

Figure 4. The frequency that each 4 peck sequence was produced by Bird 1 during
the Differential Outcomes phase. The target sequence (RLRR) is shown in red.
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Bird 2
During the baseline condition, Bird 2 did not reach mastery of the
target sequence, LLRL. Bird 2 obtained less than 5% of the 50 available reinforcers
during session 9, 10 and 11 thus reached the criterion for extinction within 11
sessions. Bird 2 was then placed in the Equal Outcomes phase, during which the bird
continued responding throughout the phase and reached the criterion for mastery of
the target sequence, RLRR, within 12 sessions. Bird 2 was then moved into the
Differential Outcomes phase, in which the bird reached criterion for mastery of the
target sequence, LRLL, within 11 sessions. Bird 2 reached the criterion for mastery of
the target sequence in both the EO and DO phases, but marginally faster in the DO
phase. In addition to this, in the DO phase the increasing trend for the target sequence
and the decreasing trend for the non-target sequences are clear with less variability in
the dataset than for Bird 1. The number of target sequences pecked by Bird 2 and the
number of non-target sequences that met the variability requirement (in the EO and
DO phases only) can be seen in Figure 5.
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Figure 5. The number of target sequences and the number of non-target sequences
that resulted in reinforcement that Bird 2 pecked through the Baseline, Equal
outcomes and Differential outcomes phases.
Using the frequency of each possible sequence as an indication of variability, the
sequences pecked by Bird 2 were similarly variable in the Baseline, EO and DO
phases.

Figure 6. The frequency that each 4 peck sequence was produced by Bird 2 in the
Baseline Phase. The target sequence (LLRL) is shown in red.
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Figure 7. The frequency that each 4 peck sequence was produced by Bird 2 in the
Equal Outcomes Phase. The target sequence (RLRR) is shown in red.

Figure 8. The frequency that each 4 peck sequence was produced by Bird 2 in the
Differential Outcomes phase. The target sequence (LRLL) is shown in red.
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Bird 3
During the baseline condition, Bird 3 reached mastery of the target sequence, LLRL
by the 13th session. Bird 3 was then placed in the Differential Outcomes phase, during
which the bird continued responding throughout the phase and reached the criterion
for mastery of the target sequence, RLRR, within 15 sessions. Bird 3 was then moved
into the Equal Outcomes phase, in which the bird reached the criterion for mastery of
the target sequence, LRLL within 16 sessions. Bird 3 reached the criterion for
mastery of the target sequence in both the EO and DO phases, but marginally faster in
the DO phase. The number of target sequences pecked by Bird 3 and the number of
non-target sequences that met the variability requirement (in the EO and DO phases
only) can be seen in Figure 9.

Figure 9. The number of target sequences and the number of non-target sequences
that resulted in reinforcement that Bird 3 pecked through the Baseline, Equal
outcomes and Differential outcomes phases.
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Using the frequency of each possible sequence as an indication of variability, the
sequences pecked by Bird 3 were more variable during the EO phase than the DO
phase, but was more variable in both the EO and DO phase than in the Baseline
phase.

Figure 10. The frequency that each 4 peck sequence was produced by Bird 3 in the
Baseline Phase. The target sequence (LLRL) is shown in red.
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Figure 11. The frequency that each 4 peck sequence was produced by Bird 3 in the
Differential Outcomes Phase. The target sequence (RLRR) is shown in red.

Figure 12. The frequency that each 4 peck sequence was produced by Bird 3 during
the Equal Outcomes phase. The target sequence (LRLL) is shown in red.
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Bird 4
During the Baseline phase, Bird 4 reached mastery of the sequence, LLRL, by
the fifth session, obtaining over 40 reinforcers for three consecutive sessions. Bird 4
was then placed in the DO phase, during which the bird continued responding
throughout the phase and reached the criterion for mastery of the target sequence,
LRLL, within four sessions. Bird 4 was then moved into the Equal Outcomes phase,
in which the bird reached criterion for mastery of the target sequence, RLRR within
ten sessions. Bird 4 reached the criterion for mastery of the target sequence in both
the EO and DO phases, in the EO phase this was seven sessions later than in the DO
phase. The number of target sequences pecked by Bird 4 and the number of nontarget sequences that met the variability requirement (in the EO and DO phases only)
can be seen in Figure 13.

Figure 13. The number of target sequences and the number of non-target sequences
that resulted in reinforcement that Bird 4 pecked through the Baseline, Equal
outcomes and Differential outcomes phases.
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Using the frequency of each possible sequence as an indication of variability,
the sequences pecked by Bird 4 were no more variable in any phase than any other.

Figure 14. The frequency that each 4 peck sequence was pecked by Bird 4 in the
Baseline Phase. The target sequence (LLRL) is shown in red.

Figure 15. The frequency that each 4 peck sequence was pecked by Bird 4 during the
Differential Outcomes phase. The target sequence (LRLL) is shown in red.
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Figure 16. The frequency that each 4 peck sequence was pecked by Bird 4 in the
Equal Outcomes Phase. The target sequence (RLRR) is shown in red.

DISCUSSION
Except for Bird 4, there was no significant improvement in the number
of sessions until mastery of the target sequence in the DO phase in comparison to the
EO phase. Birds 1, 2 and 3 mastered the sequences after a similar number of sessions
in both the EO and DO condition, suggesting that the introduction of differential
outcomes to the reinforcement obtained for pecking target and variable sequences did
not facilitate mastery of the target sequence.
Bird 1 and 2 did not master the target sequence in the Baseline phase,
indicating that the sequence was difficult. Bird 3 and 4 mastered the target sequence
after 13 and 5 sessions respectively. For Bird 4 in particular, this would indicate that
the target sequence was not difficult enough and past research has demonstrated that
the additional variability schedule does not benefit easy target sequence acquisition,
only difficult target sequences (Neuringer, Deiss & Olson, 2000). There were no
apparent trends in variability; for Birds 1 and 3 the sequences pecked were more
variable in the experimental phases than in the baseline phases, for Birds 2 and 4
there was no difference in the sequence variability across phases.
The results found are consistent with previous research by Neuringer, Deiss
and Olson (2000) that providing concurrent reinforcement for variable sequences
facilitates the acquisition of difficult target sequences, but does not facilitate the
acquisition of easy target sequences. However, the current results are not consistent
with past research on the differential outcomes effect. In the present study, the
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addition of differential outcomes to the reinforcement delivered for target and
variable sequences did not facilitate the acquisition of the target sequence in the DO
phase as opposed to the EO phase or baseline phase.

There were some confounds in the present study that need to be discussed. It
was noted that as the pigeons got closer towards the maximum number of reinforcers
in a session, they tended to perseverate on the left or right key, pecking either LLLL
or RRRR repeatedly. These sequences were therefore pecked frequently, sometimes
more frequently than the target sequence throughout the phases. This skews the data
on the variability of sequences pecked by the pigeons as LLLL in particular was often
the most frequently pecked sequence in a data set.
Another issue is that the same stimulus features are present in each phase.
Two lit keys of the same color were the discriminative stimulus for pecking a variable
or target sequence in all phases. However, in the baseline phase this became an Sdelta for two of the birds as they reached extinction, and when they were thus moved
into the next phase the same stimuli were present. This means that the birds may be
less likely to respond at the beginning of the second phase when they had
extinguished in the baseline phase. There is evidence for this in the data of bird 1 as
there is a decreased rate of responding when the bird changed to the experimental
phase following extinction in the baseline phase as compared to the rate of
responding following the phase change where the bird has previously reached
mastery criteria. In bird 2 however, the rate of responding was similar following a
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change of phase after extinction and mastery suggesting this effect was not consistent
across the two birds. Future studies could control this by using different stimulus
features, for example different colored lights, within each phase so the learning
history with one stimulus does not carry over and affect the responding across phases.
For two of the pigeons, Bird 1 and 4, the target sequence in the baseline phase
and in the first phase after baseline were similar; LLRL and LRLL. This could have
increased the speed at which the pigeons mastered the sequence; for example Bird 4
took five sessions to master the sequence in baseline, and only four to master it in the
first experimental phase. The similarity between the sequences may have contributed
to this small number of sessions to mastery in the first experimental phase. However,
Bird 1 also had these same target sequences yet did not master the target sequence in
the baseline phase and took 13 sessions to master the sequence in the first
experimental phase.
Another possible confound was that it was noted some of the birds had pecked
the sequence, but the first peck was not hard enough to register and thus the sequence
was recorded as incorrect. For example, if the sequence was LRLL, the pigeon would
peck the first L, but not hard enough to register, then continue pecking RLL followed
by another L and therefore it was recorded as incorrect. This can be seen in the
variability graphs for Bird 1 in the Equal outcomes phase, where the target is LRLL
and the second more frequent sequence pecked was RLLL. Despite there being a 0.2
second darkening of each key once it was pecked, it is possible that a longer and
therefore more salient darkening of the key is needed in future research to ensure that
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the pigeon obtains conditioned reinforcement for pecking each key within the
sequence.
Bird 1 did not meet criteria for mastery or extinction in the first experimental
phase yet was moved onto the next phase due to experimenter error, so the
conclusions drawn from this bird’s data are limited. Another issue was that Bird 1
laid an egg around the 31st session, this could account for the increase in variability in
responding during the previous four days.
Because of these limitations of the current study, future research should
continue with the same research question; whether combining the Differential
Outcomes Effect with concurrent reinforcement for variability will facilitate faster
acquisition of a target sequence. However, to account for potential sources of
confounds in the current study, future research should aim to use more subjects to
gather more data. Additionally, the addition of different stimulus features for each
phase would counteract the possible decrease in responding for pigeons whose
responding extinguished in a previous phase. Finally, a more salient conditioned
reinforcer should be used or a more sensitive recording device within the operant
chambers should be installed in order that the birds’ peck sequences register
correctly.
Because of the lack of consistency in the data obtained from this study, until
further research is conducted, the results from this study should not be used to inform
any applied research.
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