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a b s t r a c t

Pigeons were trained on an arbitrary matching-to-sample task in which Vary and Repeat contingencies
served as sample stimuli. During the sample component, two keys were lit red and a four-peck sequence
was reinforced if its frequency was less than a certain threshold (Vary sample) or if it comprised one of
two target sequences (Repeat sample). During the comparison component, two keys were lit white and
green, and correct choices depended on the previous sample contingency. Pigeons learned to emit high
and low variability levels during the sample, and correct matching choices were obtained. In two dis-
atching
ixed schedule

igeons
epetition
ariation

crimination testing phases, the requirement of variation (Vary sample) or of repetition (Repeat sample)
was parametrically manipulated such that behavioral variability became undifferentiated between sam-
ples (low sample disparity) and then differentiated (high sample disparity) again. Accurate choices fell to
chance under low sample disparity conditions, but improved under high disparity conditions. The results
provide evidence that high and low variability levels can be produced in the absence of antecedent cues

urate
cont
and that pigeons can acc
thus indicating that those

. Introduction

Behavioral variability can be functional. Behaving in varied,
npredictable or innovative ways can be effective in some con-
exts (e.g., playing a game, creating a piece of artwork, solving
problem); whereas precise, predictable or repetitive responses

re more appropriate in some other conditions (e.g., perform-
ng a surgical incision, practicing a physical exercise, operating

machine). Accordingly, several studies have demonstrated that
hen confronted with environmental demands of variation and

epetition, humans and non-human animals learn to display high
nd low levels of behavioral variability, respectively (Machado,
989; Neuringer, 1986; Page and Neuringer, 1985; Stokes, 1999).

For example, Machado (1989) trained pigeons to emit vari-
ble patterns of four pecks across two side keys. Requirements of
ow, intermediate and high levels of variability for reinforcement,

hile the global probability of reinforcement was held constant,

roduced corresponding levels of behavior variation. Such demon-
tration of sensitivity to reinforcement contingencies led to the
onclusion that variability is an operant dimension of behavior (see
euringer, 2002, 2004 for a review).
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ly report whether they had experienced a Vary or a Repeat contingency,
ingencies may serve discriminative functions.

© 2010 Elsevier B.V. All rights reserved.

Further evidence of the operant nature of variability was
obtained in studies in which the effects of discriminative stimuli
(SD) upon variation and repetition were examined (Abreu-
Rodrigues et al., 2004, 2005; Cohen et al., 1990; Denney and
Neuringer, 1998; Page and Neuringer, 1985; Ward et al., 2008).
For example, Page and Neuringer (1985) trained pigeons to emit
sequences of pecks across two keys under a multiple Vary–Repeat
schedule. In the Vary component, in which the response keys were
lit red (SD), a sequence had to differ from the previous five ones
to be reinforced. In the Repeat component, in which the keys were
lit blue (SD), only a specific sequence was reinforced. Each com-
ponent was in effect until the delivery of the tenth reinforcer. High
and low variability levels were observed under the red and blue SDs,
respectively. Switching the SDs between components reduced the
percentage of reinforced sequences under both contingencies, but
across sessions those percentages increased, thus demonstrating
control by the antecedent stimuli.

Denney and Neuringer (1998) provided a more compelling
evidence of discriminative control. These authors suggested that
the consequences for varied and repetitive behaviors — i.e., the
response–stimuli (R–S) contingency — similarly to what hap-
pens with antecedent stimuli, could provide information about
the reinforcement schedules in place, and thus serve discrimi-

native functions. To minimize this possibility, they trained rats
to emit sequences of four lever presses under a multiple Vary
Yoke schedule, whose components alternated after every rein-
forcer with a 50% probability. In the Vary component, infrequently
emitted sequences were required for reinforcement, while in the

dx.doi.org/10.1016/j.beproc.2010.06.018
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
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oke component, sequences were reinforced independently of
ariability, but with the same probability obtained in the Vary
omponent. Accordingly, variability was higher in the Vary than
n the Yoke component. Furthermore, increases and decreases
n variability were observed right after the presentation of
he Vary and Yoke SDs, respectively, thus indicating discrimi-
ative control of sequence variation without the confounding
ffects engendered by the contact with the reinforcing conse-
uences.

Interestingly, the question of whether R–S contingencies can
erve discriminative functions for varied and repetitive behav-
ors, as suggested by Denney and Neuringer (1998), has not been
ystematically investigated. This issue seems relevant because
daptive functional variability levels do not depend only upon
earning to respond in varied and repetitive ways, but also rely on
he discrimination of when to vary and when to repeat. This dis-
rimination has been extensively demonstrated in the presence of
ntecedent stimuli, but would it occur in conditions in which such
timuli are lacking?

To the best of our knowledge, only one unpublished study
ttempted to examine this issue. Hopson, Burt, and Neuringer
as cited by Neuringer, 2002) reinforced varied and repetitive
equences across two alternated, non-signaled conditions – i.e.,
nder a mixed Vary–Repeat schedule. In the Vary component,

nfrequent sequences were reinforced, whereas in the Repeat
omponent, a specific sequence was reinforced. High and low
ariability levels were obtained under the Vary and Repeat
omponents, respectively. To test whether the R–S contingen-
ies were functioning as an SD, the probability of varying over
epeating was analyzed just after a non-signaled switch from
ne component to the other. If the contingency was function-
ng as a cue for change, then switches from the Repeat to
he Vary component should increase the probability of vary-
ng, whereas switches from the Vary to the Repeat component
hould increase the probability of repeating; however, if the R–S
ontingency was not an SD, than both types of switches should
ncrease variability, because switching implied extinguishing the
esponse that was being reinforced, and withholding reinforce-
ent induces variability (e.g., Neuringer et al., 2001). In accordance
ith the former prediction, switches from the Vary to the Repeat

omponent increased the probability of repeating instead of vary-
ng.

Although Hopson et al. (cited by Neuringer, 2002) provided
uggestive evidence of discriminative control, one can still argue
hat the differentiated patterns observed were a result solely of
he reinforcing effects of the Vary and Repeat contingencies. Since
nly one behavioral index was generated in their experiment –
amely the probability of varying over repeating – the same behav-

or that was reinforced by the contingency was taken as an indicator
f its discriminative function. Therefore, this procedure does not
llow researchers to identify the specific contribution of the dis-
riminative and reinforcing functions of these contingencies. Given
his consideration, one purpose of the present study was to dis-
ntangle those functions such as two behavioral indexes could
e obtained: one revealing discriminative control and another,
einforcement effects. To attain this goal, we used the experimen-
al preparations typically employed in contingency discrimination
nvestigations. Such preparations will be briefly reviewed in what
ollows.

The discriminative proprieties of reinforcement contingencies
ave been extensively investigated by using arbitrary matching-

o-sample (MTS) tasks. In this arrangement, two contingencies
sample stimuli) are presented under a mixed schedule. In each
rial, the requirement of one of the contingencies must be met.
ext, two comparison stimuli are presented, and the subject has

o choose one comparison over another based on the sample con-
ral Processes 85 (2010) 116–125 117

tingency just presented. The MTS task provides two independent
behavioral indexes: one refers to the reinforcing effects of con-
tingencies, and it is revealed by the behavioral differentiation
observed in the sample performance; the other refers to the dis-
criminative effects of those contingencies, which are considered to
account for the pattern of choices obtained in the presence of the
comparison stimuli (e.g., Lattal, 1975).

For instance, Lattal (1975) used an arbitrary MTS task
to demonstrate that responding according to a differential-
reinforcement-of-low-rate (DRL) schedule or a differential-
reinforcement-of-other-behavior (DRO) schedule could serve
discriminative functions. Pigeons pecked a white centered key
according to a DRL or DRO contingency. Following completion of
the contingency requirement, two side keys were lit green and red
and served as comparison stimuli. Pigeons learned to choose the
green key after the DRL-sample and the red key after the DRO-
sample with high accuracy. This arrangement allowed researchers
to observe differentiated patterns of responding in the DRL and DRO
contingencies (i.e., a reinforcing effect), and also the effects of those
contingencies upon choices (i.e., their discriminative effect).

A second advantage of the MTS task is that different tests of
discriminative control can be performed. For example, one can
change the assumed controlling aspect of the sample contingency
and observe its effect upon the accuracy of choice. This manipula-
tion is usually assumed to change the disparity between samples
by making them more similar. In the study of Hobson (1975), two
fixed-ratio (FR) schedules were presented as sample stimuli. During
high disparity conditions, two very distinct ratios were presented
as samples (e.g., FR 10 vs. FR 30 schedule). In subsequent condi-
tions, the difference between ratios was gradually reduced (e.g.,
FR 15 vs. FR 30; FR 25 vs. FR 30; FR 29 vs. FR 30), thus producing
lower sample disparities. Accuracy of discrimination was a direct
function of sample disparity, thus indicating that the discriminated
choices were in fact controlled by the number of responses made
in the sample contingency.

Given the advantages just described, arbitrary MTS tasks have
been used to examine the discriminative proprieties of different
aspects of the contingencies in effect during the sample stim-
uli, such as: number of responses (Hobson, 1975; Pliskoff and
Goldiamond, 1966; Rilling and McDiarmid, 1965; Shimp, 1982),
presence or absence of responses (Lattal, 1975, 1979; Zentall
et al., 2001), response duration (Ziriax and Silberberg, 1978),
inter-response times (Odum and Ward, 2004; Reynolds, 1966;
Shimp, 1981, 1983), response rate (Lionello-DeNolf and Urcuioli,
2003; Okouchi and Songmi, 2004), response location (García and
Rodríguez, 2006), reinforcement density (Commons, 1979; Jones
and Davison, 1998), interreinforcer interval (Okouchi, 2003), and
response–reinforcer dependency (Killeen, 1978).

The points raised above suggest that the MTS task can be an
interesting procedure to evaluate the discriminative effects of Vary
and Repeat contingencies. Therefore, in the present experiment,
pigeons were exposed to a MTS task in which Vary and Repeat
contingencies served as sample stimuli, and choice of two com-
parison stimuli depended on the previous sample contingency.
This procedure allowed us to demonstrate high and low vari-
ability levels under a non-differential stimuli condition (i.e., the
sample performance); and to examine if the Vary and Repeat con-
tingencies could function as an SD for the subsequent choice of the
comparison stimuli. Moreover, in two testing phases, the require-
ment of variation (Vary sample) or of repetition (Repeat sample)
was parametrically manipulated such that behavioral variability

became undifferentiated between samples (low sample disparity)
and then differentiated (high sample disparity) again. The goal
was to demonstrate that the requirements of variation over rep-
etition (but other contingency parameters) were in fact controlling
choices.
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. Materials and methods

.1. Subjects

Three homing pigeons with prior experimental histories served
s subjects. Pigeons were maintained at 80% of their free-feeding
eight, with free access to water in their home-cages, and under a

ight–dark circle of 12 h (dark period from 7 pm to 7 am). Pigeons
btained food only in the experimental sessions. In the case the
nimal was 20 g below his experimental weight, sessions were not
onducted and the animal received free food until weight recovery.
wo pigeons (A1 and A3) had previous experience with a MTS task
n which Vary and Yoked contingencies served as samples for choice
esponses. Pigeon A2 had experience with a repetition contingency
n which a specific four-peck sequence (i.e., LRLR sequence) was
einforced. Just after such experiences, the present experiment
egan.

.2. Apparatus

The experimental chamber measured 35 cm long, 28 cm deep,
nd 28 cm high. The work panel contained four translucent keys,
.5 cm in diameter, horizontally displayed on the wall, and located
8 cm above the floor. The keys were identified, from left to right, as
eys 1, 2, 3, and 4. Keys 1 and 2, and keys 3 and 4 were 3.5 cm apart,
hile keys 2 and 3 were 7 cm apart. Only keys 2 and 3 were used

n this experiment. Key 2 could be lit red or white, and key 3 could
e lit red or green. A Gerbrands food magazine delivered mixed
rain through a 4 cm by 4 cm opening centered on the work panel,
nd located 4 cm above the floor. A white houselight was set on the
iddle of the opposite wall, 19 cm above the floor. The houselight

nd the keys were darkened and inoperative during grain presen-
ations, and the hopper was illuminated by a white light. All events
ere controlled by a 486 DX2 40 MHz microcomputer connected

o the chamber by a MED–PC interface system.

.3. Procedure

Sessions were conducted daily, seven days a week at approxi-
ately the same time. Due to the subjects’ experimental history,

o hopper or key-peck training was necessary.

.3.1. MTS task
The final procedure employed in the present study comprised

n arbitrary MTS task. Its general features are illustrated in Fig. 1.
t the start of every matching trial, keys 2 (left, L) and 3 (right, R)
ere lit red, and the subjects were required to emit a sequence

f four pecks across these keys. There were 16 different possible
equences (e.g., LRRR, RRLL, LLLL, and so on). A discrete-response
rocedure was in effect (cf. Page and Neuringer, 1985). According
o this procedure, each of the first three key-pecks turned the key-
ights off for a 0.5-s period (pecks during this interval reset it). The
ourth peck was followed either by 2-s access to mixed grain (i.e.,
reinforcer, SR) or by a 2-s blackout (BO), during which all lights
ere turned off. The four-peck sequences produced reinforcement

r blackouts according to a mixed Vary–Repeat schedule.
In the Vary component (hereafter called Vary sample), any of the

6 possible sequences could produce reinforcers, provided that its
eighted relative frequency was less or equal to a threshold value

cf. Denney and Neuringer, 1998). The relative frequency of each
equence was calculated by dividing its number of occurrences by

he total number of emitted sequences. The relative frequencies at
he start of each session were taken from the end of the preceding
ession. To weight recent sequences more than past ones, after rein-
orcer delivery each of the 16 relative frequencies was multiplied
y a weighting coefficient (w = 0.95), resulting in an exponential
Fig. 1. Diagram of the matching-to-sample (MTS) task.

decrease in the contribution of past sequences. If the weighted rel-
ative frequency of the current sequence was less than or equal to
the threshold, then it was reinforced; otherwise, a 2-s BO period
occurred. The threshold was set at 0.10 in all experimental phases
except for the Vary Testing Phase (this point will be explained in
detail below). In the Repeat component (hereafter called Repeat
sample), only two pre-selected four-peck sequences were eligible
to reinforcement. For subject A1, the repeat sequences were RLLL
and RRLL; for A2, LRRR and LRLR; and for A3, RLLL and LLRR.

Given that some studies have indicated that long sample dura-
tions increase the accuracy of discrimination compared to short
sample durations (Hartl et al., 1996; Nelson and Wasserman, 1978;
Urcuioli et al., 1999), and that variability is a propriety of a set of
events compared to each other, it seemed more adequate to give
enough time for the subjects’ behavior to contact the Vary and
Repeat contingencies. Therefore, a sample contingency remained
in effect in each trial until two criteria were satisfied in the follow-
ing order: first, 60-s had elapsed, and second, a reinforcer had been
delivered. The first criterion was employed to guarantee enough
exposure to the Vary and Repeat samples, and the second, that at
least the last emitted sequence was correct.

Following the sample criteria completion, keys 2 and 3 were lit
white and green (comparison stimuli), respectively. A single peck
to either comparison key turned both of them off and produced
either 5-s access to mixed grain (SR) or a 15-s BO period, depend-
ing on which comparison key has been pecked. White choices
in Vary-sample trials and green choices in Repeat-sample trials
were reinforced (i.e., correct choices), whereas the opposite choice
produced the BO period (i.e., incorrect choices). In sum, in the
present study, subjects obtained a smaller amount of reinforcement
or punishment (BO) for their performance during the sample-
contingencies, and a larger amount of reinforcement or punishment
for choosing the correct and incorrect comparisons, respectively

(see Lattal, 1979 for a similar procedure).

After an incorrect choice (and its consequence), the compari-
son stimuli were re-presented until a correct choice occurred – i.e.,
a correction procedure was in effect. During this procedure, cor-
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Table 1
Summary of the experimental phases, change criteria, and number of session for
individual subjects.

Experimental phases Change criteria Number of sessions

Conditions A1 A2 A3

Baseline
Vary – 0.10 threshold 75% accuracy 7 76 32
Repeat – 2 reinforced seq. 5 sessions

Vary Testing
Threshold manipulation

Vary – 0.15 threshold No trend 5 5 6
Vary – 0.25 threshold 5 sessions 5 5 5
Vary – 0.50 threshold 7 5 5
Vary – 0.75 threshold 5 5 5
Vary – 1.00 threshold – – 6
Vary – 0.50 threshold – 5 5
Vary – 0.25 threshold 6 5 6
Vary – 0.15 threshold 6 5 5

Baseline
Vary – 0.10 threshold 75% accuracy 38 28 50
Repeat – 2 reinforced seq. 5 sessions

Repeat Testing
Reinforced seq. manipulation

Repeat – 4 reinforced seq. No trend 5 6 4*

Repeat – 8 reinforced seq. 5 sessions 5 5 7
Repeat – 12 reinforced seq. 7 5 5
Repeat – 16 reinforced seq. 5 5 5
Repeat – 12 reinforced seq. – 5 –
Repeat – 8 reinforced seq. 6 5 4*

Repeat – 4 reinforced seq. 6 5 5

Baseline
Vary – 0.10 threshold 5 sessions 5 5 5
A.S. Souza, J. Abreu-Rodrigues / Be

ect and incorrect choices were followed by the same consequences
escribed above, but those responses were not considered for sub-
equent data analysis. After the reinforcement of a correct choice,
10-s intertrial interval (ITI) was implemented, and then a new
atching trial was started. Thus, each trial began with the sample

timulus and ended with reinforcement for choosing the correct
omparison. Moreover, forced-choice trials were programmed in
he beginning of a block of trials to increase accuracy. In these
orced trials, only the correct choice comparison was present after
sample stimulus.

.3.2. Preliminary training
A preliminary training was required before the implementation

f the MTS task just described. The duration of the preliminary
raining was relatively long (for pigeon A1, 99 sessions; for pigeon
2, 235 sessions; and for pigeon A3, 134 sessions). This phase
omprised several steps intended to gradually establish the dis-
riminative control by the Vary and Repeat contingencies over
atching responses. In the first step, two sequences (hereafter,

alled the trained repeat sequences) were chosen to be reinforced
n the repetition contingency. The trained repeat sequences were
elected from a variation (pigeons A1 and A3) or repetition (pigeon
2) baseline of sequences, and were the most frequent ones, except

f the most frequent ones were the LLLL and RRRR sequences, in
hich case the next most frequent sequences were selected. In the

econd step, subjects were exposed to a modified version of the
TS task in which case only the Repeat sample was presented. In

he third step, the MTS task comprised the Vary or the Repeat sam-
les, presented alternately between sessions. In the fourth step, the
ary and Repeat samples were presented within the same session

the first half of the session with one sample and the second half
ith the other). In the fifth and sixth steps, the Vary and Repeat

amples were alternated several times during each session (first,
wo times, and then several times per session). After the sixth step,
he experimental phases with the final MTS task (described above)
ere implemented. In all steps, subjects performed trials in which

nly the correct comparison was available (forced-choice) and trials
n which both comparisons were available (free-choice) for choice.
or more details of the preliminary training, please contact the
uthors.

The experimental procedure comprised three phases: Baseline,
ary Testing, and Repeat Testing. After each testing phase, subjects
ere re-exposed to the Baseline Phase. Table 1 presents a sum-
ary of the experimental design, stability criterion, and number of

essions in each phase.

.3.3. Baseline
The Vary and Repeat samples were presented within blocks

omposed of six matching trials: two forced-choice trials (one with
ach sample), followed by four free-choice trials (two consecutive
rials with each sample). The order of presentation of the Vary
nd Repeat samples were balanced across trials. Reinforcement,
O, contingency requirements, and the correction procedure were

dentical to those described in the MTS task.
Accurate matching responses were not obtained for pigeon A2

fter 28 sessions of exposure to this procedure. Therefore, a dif-
erent baseline procedure was implemented for this pigeon. Each
lock was composed of four forced-choice trials (two trials with
ach sample), and one correct free-choice trial (for each sam-
le). If an incorrect choice was made during the free-choice trial,
nother correction procedure was implemented in addition to the

ne described above: the same sample stimulus was re-presented
n the next trial (increasing the total number of free-choice tri-
ls within a block). For this pigeon only, sessions comprised six
orrect free-choice trials (three with each sample) plus a variable
umber of incorrect free-choice trials. For instance, if two incorrect
Repeat – 2 reinforced seq.

Note: seq., sequence.
* Four sessions were conducted due to experimenter error.

choices occurred after the Repeat sample, the total number of tri-
als with this sample would increase from three (the minimum of
correct trials) to five (i.e., the three required correct trials plus the
two incorrect ones, resulting in an accuracy of 60% for this sam-
ple). This procedure was maintained throughout the study for this
pigeon. All other procedural details (reinforcement, BO period, pri-
mary correction procedure) were similar to the described for the
final MTS task.

2.3.4. Vary testing
A procedure similar to that described in Baseline was employed,

except for the parametrical manipulation of the variability require-
ment (threshold) in the Vary sample. The contingency in effect
during the Repeat sample remained unchanged during this phase.
Threshold values were presented in an ascending, and next, in
a descending order (see Table 1). Low threshold values (such as
0.10) establish high levels of behavioral variability for reinforce-
ment, whereas a high threshold value (such as 1.0) allows any
sequence (varied or repetitive ones) to be reinforced. The rationale
for this manipulation was that requiring lower variability levels
would decrease the disparity between the Vary and Repeat sam-
ples (because behavior in the Vary sample would resemble that in
the Repeat sample), thus reducing their discriminability.

2.3.5. Repeat testing
A procedure similar to that described in Baseline was imple-

mented in this phase, except for the parametrical manipulation

of the number of sequences eligible for reinforcement in the
Repeat sample. The contingency in effect during the Vary sample
remained unchanged. The number of reinforced sequences in each
condition was increased (ascending order), and then decreased
(descending order), as shown in Table 1. In each test condition,
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ew sequences were added (or removed) to the pool of eligible
equences. Thus, in the four reinforced sequences condition, the
wo trained repeat sequences and two additional sequences were
ligible for reinforcement. The new reinforced sequences were
ndividually selected: in the ascending order, the new sequences
omprised the next two most frequent sequences in the imme-
iately previous condition; in the descending order, the same
equences were removed in each condition.

Following the same rationale applied to the Vary Testing,
ncreasing the number of repeat sequences was intended to
ecrease the disparity between the Vary and Repeat samples
because behavior in the Repeat sample would gradually become

ore variable, and then resemble that in the Vary sample), thus
gain reducing the discriminability of the Vary and Repeat contin-
encies.

.4. Miscellaneous details

Sessions were terminated after four-trial blocks (16 free-choices
rials) were completed or 60 min had elapsed, whatever occurred
rst (but see the baseline procedure of pigeon A2). The preliminary
raining and Baseline phases were in effect until stable respond-
ng in the sample and choice parts of the MTS task were obtained
see Table 1). Stability was defined as the absence of a trend in the
einforcement rate obtained in the mixed Vary–Repeat schedule
sample), and a high choice accuracy (minimum of 75% of correct
hoices after each sample) for at least five consecutive sessions. For
igeon A2, the minimum degree of accuracy required to meet the
tability criterion was 60%. During the testing phases, each condi-
ion (threshold or number of reinforced sequences) was in effect
or five sessions unless there was a great discrepancy between
ata from the last two sessions, in which case one or two addi-
ional sessions were conducted. Subject A3 was exposed to only
our sessions in two conditions of the Repeat Testing Phase due to
n experimenter error (see Table 1).

The programmed probability of reinforcement, p(SR), during the
ample-contingencies was manipulated to maintain the obtained
robabilities of reinforcement similar between samples. Because
einforcement rates tended to be higher in the Repeat sample, the
(SR) for the repeat sequences was reduced during most conditions
except for the Vary Testing phase). The p(SR) in the Repeat sam-
le was calculated separately for each pigeon and was changed, if
ecessary, at the beginning of each session — programmed values
anged between 0.7 and 0.95 during the baseline, and between 0.5
nd 0.8 during the Repeat Testing phase. During the Vary Testing
hase, the p(SR) in the Repeat sample was set at 1.0, and the p(SR) in
he Vary sample was reduced (with values ranging from 0.6 to 1.0
cross different conditions), because the obtained reinforcement
robabilities tended to be higher in the Vary than in the Repeat
ample.

.5. Data analyses

Five behavioral measures were analyzed during the sample
omponent — that is, the sequence’s uncertainty (U value), the
robability of the two repeat sequences, response rates, rein-
orcement rates, and sample duration — and two behavioral

easures were considered for the choice component — discrim-
nation accuracy (log d) and response bias (log b). These measures

ere calculated as follows:
a) The U value is an index of overall sequence variability. It takes
into account the likelihood of all sequences in a defined set of
emitted sequences (e.g., a session). It is computed according to
ral Processes 85 (2010) 116–125

the following equation (Miller and Frick, 1949):

−
∑

RFi × [log(RFi)/log(2)]
log(16)/log(2)

where RF is the relative frequency of sequence i (for i = 1 to n),
and n is the number of all possible sequences (16). If each of
the 16 possible sequences were emitted equally often, then U
would be equal to 1; if only one sequence was emitted, U would
be equal to 0.

b) The probability of occurrence of the two trained repeat
sequences was calculated in all experimental phases to examine
changes in the specific behavior selected by the Repeat con-
tingency. This measure was always computed by dividing the
frequency of the two repeat sequences by the total number of
sequences emitted (mean frequencies for each repeat sequence
are provided in Appendix A).

(c) Response rates (responses per minute), reinforcement rates
(reinforcers per minute), and sample duration (in seconds) were
measured for each session.

d) log d, an empirical measure of discrimination accuracy (Davison
and Tustin, 1978; Nevin et al., 2007), was computed according
to the following equation:

log d = 0.5 × log
p(B1/S1) × p(B2/S2)
p(B2/S1) × p(B1/S2)

where p stands for probability, B1 represents choice of the white
key, B2 represents choice of the green key, and S1 and S2 rep-
resent the Vary and Repeat samples, respectively. Thus, B1/S1
represents the probability of a white choice after the Vary sam-
ple (i.e., a correct choice), and B2/S1 represents the probability of
a green choice after a Vary sample (i.e., an incorrect choice). log d
can range from zero to infinity, with a value of zero showing the
absence of discrimination.

(e) log b is a measure of response bias (Davison and Tustin, 1978;
Nevin et al., 2007). It ranges from zero to infinity, with a value
of zero indicating no response bias. It is calculated according to
the equation:

log b = 0.5 × log
p(B1/S1) × p(B1/S2)
p(B2/S1) × p(B2/S2)

where p, B1, B2, S1 and S2 represent the same measures as in the
log d equation.

For each condition of the Vary and Repeat Testing phases, the
U value, the probability of the trained repeat sequences, the log d,
and the log b were calculated by pooling together data from all ses-
sions in that condition for each subject. For the Baseline phases, the
last five sessions were used to calculate the respective measures.
Accordingly, mean values for these same sessions were provided
for the response and reinforcement rates, and sample duration.

For the sample performance, a positive difference in each mea-
sure between samples was considered as an indicative of sample
disparity. Thus, if the U value in the Vary sample was 0.80 and the U

value in the Repeat sample was 0.60, the disparity between samples
was of 0.20. Likewise, if U values of 0.80 and 0.70 were obtained for
the Vary and Repeat samples, the disparity would be of 0.10. Conse-
quently, the closer the difference was to 0.0, the lower the sample
disparity.
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Fig. 2. The U value (left panels) and the probability of the repeat sequences (right
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Table 2
Mean and standard deviation (SD) for response rate, reinforcer rate, and sample
duration, in the Vary and Repeat samples, calculated for each subject in the Vary
Testing (left columns) and Repeat Testing (right columns) phases.

Vary Testing Repeat Testing

Subject Vary
sample

Repeat
sample

Vary
sample

Repeat
sample

Measure Mean (SD) Mean (SD) Mean (SD) Mean (SD)

A1
Response rate 41.3 (1.2) 41.3 (1.4) 41.6 (1.4) 41.7 (2.1)
Reinforcer rate 06.4 (1.5) 06.8 (1.0) 06.0 (1.0) 06.0 (1.1)
Sample duration 66.9 (2.8) 65.2 (1.8) 66.6 (2.2) 67.0 (3.6)

A2
Response rate 37.2 (3.0) 39.4 (2.8) 33.4 (2.7) 34.0 (2.3)
Reinforcer rate 05.0 (1.5) 05.4 (1.6) 03.0 (0.8) 04.1 (1.0)
Sample duration 69.0 (6.0) 71.6 (6.6) 75.9 (6.8) 72.6 (5.7)

A3
Response rate 39.1 (1.4) 39.2 (1.7) 32.2 (2.0) 33.0 (2.1)
Reinforcer rate 05.4 (1.3) 05.7 (1.1) 03.8 (0.7) 04.5 (1.3)

produced differentiated variability levels, and manipulations in the
anels) in the Vary (open symbols) and Repeat (black symbols) samples for each
alue of the parametric manipulation implemented in the Vary Testing (threshold)
nd in the Repeat Testing (number of reinforced sequences) phases. Rows present
ata of individual subjects.

. Results

.1. Sample performance

Fig. 2 presents the U value (left panels) and the probability of
he two trained repeat sequences (right panels) for the Vary (open
ymbols) and Repeat (black symbols) samples in each condition
f the Vary Testing and Repeat Testing phases. Baseline data are
epicted as the first and last conditions of each testing phase.
During the Vary Testing, the U value (left panels on the top) was
igher in the Vary than in the Repeat sample in almost all condi-
ions. Increases (decreases) in the threshold were accompanied by
ecreases (increases) in the Vary and Repeat U values and in the dis-
arity between samples. Conversely, the probability of the repeat
Sample duration 67.7 (2.9) 67.5 (3.3) 70.0 (3.2) 71.7 (6.9)

Note: The following measures were used: key-pecks per minute (response rate);
reinforcers per minute (reinforcer rate); and seconds (sample duration).

sequences (right panels on the top) was lower in the Vary than in the
Repeat sample in all conditions. In addition, increases (decreases)
in the threshold were accompanied by increases (decreases) in the
probability of the repeat sequences in both samples and decreases
(increases) in the disparity between samples.

During the Repeat Testing (left panels on the bottom), the U
value was higher in the Vary than in the Repeat sample in the first
condition, replicating the data obtained in the baseline of the Vary
Testing. Increasing the number of reinforced sequences increased
the U value in the Repeat sample, but it did not systematically affect
the U value in the Vary sample. Yet, this manipulation reduced the
disparity between samples. Subsequent decreases in the number of
reinforced sequences produced unsystematic effects. The U value
was reduced in the Repeat sample for pigeons A1 and A2, and in the
Vary sample for pigeon A2. In the remaining situations, U values
were not affected. Thus sample disparity increased only for pigeon
A1.

The probability of the repeat sequences tended to be lower in
the Vary than in the Repeat sample during both baselines of the
Repeat Testing Phase (right panels on the bottom). Increases in the
number of reinforced sequences were accompanied by decreases
in the probability of the two trained repeat sequences in the Repeat
sample and, in a less consistent way, in the Vary sample. Accord-
ingly, there was a decrease in sample disparity. With decreases in
the number of reinforced sequences, the probability of the two
repeat sequences tended to increase in both samples. As it was
observed with the U value, the disparity between samples increased
for pigeon A1, but not for pigeons A2 and A3.

Response rate, reinforcement rate, and sample duration were
evaluated in both samples during all conditions of the Vary Test-
ing and Repeat Testing phases. Mean and standard deviations (SD)
for those measures are presented in Table 2. In general, for each
measure, the means obtained in the Vary and Repeat samples were
comparable (with low standard deviations) in both testing phases
for all subjects.

Together, those results show that the Vary and Repeat samples
were similar in all measures, but the level of behavioral variabil-
ity. The Vary and Repeat contingencies in effect during the baseline
variation criterion (i.e., during the Vary Testing) and in the repeti-
tion criterion (i.e., during the Repeat Testing) affected the variability
levels in both samples, changing the degree of disparity between
samples.
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Fig. 3. Discrimination accuracy (log d, top panels) and response bias (log b, bottom
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Fig. 4. log d plotted as a function of the disparity (positive difference) between the

improved the model and were dropped. Hence, the final model
anels) in each condition of the Vary Testing and Repeat Testing phases. Data are
hown for individual subjects in the ascending (black symbols) and descending (light
ray symbols) orders of exposure to the threshold values and to the number of
einforced sequences.

.2. Choice performance

Fig. 3 presents the log d (upper panel) and log b (lower panel)
btained in the ascending (black symbols) and descending (light
ray symbols) order of exposure to the values of the threshold (i.e.,
n the Vary Testing) and to the number of reinforced sequences (i.e.,
n the Repeat Testing) for each subject.

During the Vary Testing, log d was higher during the base-
ine (first condition) and decreased (and then increased) with
ncreases (and decreases) in the threshold. During the Repeat Test-
ng, increasing the number of reinforced sequences was followed
y consistent decreases in log d, as happened with increases in
he threshold. Decreasing the number of reinforced sequences
ncreased log d values for pigeon A1, and to a less extent for pigeon
3, but did not improve discrimination accuracy for pigeon A2.

log b values ranged from −0.5 to 0.5 in the baseline phases for
ll subjects, suggesting low response bias. Moreover, log b was not
ystematically affected by varying the values of the threshold (Vary
esting) and the number of reinforced sequences (Repeat Test-
ng). Only pigeon A3 presented bias values above 0.5. Inspection
f this pigeon’s data showed choice bias towards the white key in
he 1.0-threshold condition and in the subsequent 0.50-threshold
ondition (data not shown).

To evaluate which sample variable was indeed controlling
hoice, the disparity (i.e., the positive difference) between the Vary
nd Repeat samples with respect to the U value, probability of the
rained repeat sequences, response rate, reinforcer rate, and sam-
le duration was plotted against discrimination accuracy (log d),
or each condition of the testing phases. Fig. 4 shows the dispersion
raphs for each of those measures as a function of log d. Solid lines
re fitted least-squared regression lines. The equation (y = ax + b)
nd fit (R2) are also presented.

As can be seen in Fig. 4, log d increased as the disparity in vari-
bility measures (U value and probability of the repeat sequences)

ncreased, but was not affected by disparity in the other measures.
he regression analysis corroborates the visual trend: high slope
alues (a) were obtained for the U value and probability of the
epeat sequences, whereas low slope values (close to 0.0) were
Vary and the Repeat samples with respect to the U value, the probability of the
trained repeat sequences, the response rate, the reinforcement rate, and the sample
duration. Data points comprise all conditions of the Vary Testing and Repeat Testing
phases for all subjects.

obtained for the other measures. The R2 was also relatively high for
the variability measures (0.68 and 0.70) and low (ranging from 0.02
to 0.05) for the other measures. These results indicate that changes
in discrimination accuracy may be accounted for the disparity in
the variability levels between samples.

A stepwise regression analysis was performed using log d as the
dependent variable and the disparities in all sample measures as
independent variables. The stepwise regression revealed that the
disparity in the repeat sequences alone was a good predictor of
the variance of log d (R2

adj = .683, ˇ = .830, p < .001), and that the
overall fit increased when the disparity of the U value was added
as predictor (R2

adj = .746). None of the other variables significantly
included the disparities in the probability of the repeat sequences
(ˇ = .482, p < .001) and in the U value (ˇ = .433, p = .001). The anal-
ysis of variance (ANOVA) revealed that the overall model was
significant, F(2, 49) = 75.713, p < .001. The standardized regression
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quation is therefore:

(log d) = −0.03
(0.04)

+ 1.31 × RSeqDisp
(0.32)

+ 1.47 × UDisp
(0.40)

here RSeqDisp stands for the disparity in the repeat sequences
robability and UDisp for the disparity in the U value between
amples. Standard deviation values are presented in parenthesis.

. Discussion

The present findings are consistent with the interpretation that
–S contingencies alter the level of behavioral variability displayed
y an organism. More importantly, our findings show that those
ontingencies may serve discriminative functions for subsequent
hoice behavior.

As it was observed in Fig. 2, the Vary and Repeat contin-
encies controlled high and low levels of behavioral variability,
espectively, during the baseline phases. This result challenges
he argument that variability is simply elicited by adversity in
einforcement conditions (i.e., extinction or reductions in the prob-
bility of reinforcement), and supports the interpretation that
ariation and repetition can be learned skills under the control of
heir consequences — that is, operant behaviors (e.g., Neuringer,
002, 2004; Page and Neuringer, 1985).

Considering that the programmed Vary and Repeat contin-
encies not only generated differentiated levels of behavioral
ariability, but also that they did so in the absence of (antecedent)
xteroceptive cues, our results, together with those reported by
opson et al. (cited by Neuringer, 2002), must be taken as evi-
ence that operant contingencies can function as discriminative
timuli for varying over repeating. Our findings, however, are more
ersuasive than those of Hopson et al., because we parametrically
anipulated the variation and repetition requirements across con-

itions. Decreases and increases in the requirement of variation
i.e., threshold) during the Vary Testing produced corresponding
ecreases and increases in the variability displayed in the Vary
nd Repeat samples. In addition, decreases and increases in the
equirement of repetition (i.e., the number of reinforced sequences)
uring the Repeat Testing were followed by decreases and increases
he variability levels displayed, at least for pigeon A1, during the
epeat sample. Overall, these results indicate that variability lev-
ls were under the control of the programmed contingencies. This
emonstration replicates previous studies that employed between-
ubject (e.g., Grunow and Neuringer, 2002; Machado, 1989; Page
nd Neuringer, 1985; Wagner and Neuringer, 2006) or within-
ubject (e.g., Abreu-Rodrigues et al., 2005; Stokes, 1999) designs.
oreover, these results suggest that variation and repetition are

ot dichotomous behavioral classes, and that they must be better
nderstood by means of the notion of a continuum, with high vari-
tion at one end point and strict repetition at the other (Neuringer,
002; Stokes, 1999).

Furthermore, changing the variability and repetition require-
ents did not only change the variability levels, but it made the

ehavior displayed between samples more similar (low sample dis-
arity). For example, loosening the vary requirement made subjects
o vary less (as shown by the U value). In this situation, subjects
ould have started to emit any of the possible sequences more
ften (especially more easy sequences as LLLL and RRRR); however,
he sequences that increased in frequency were the repeat ones
as shown by the two repeat sequences probability). Since these
equences were also eligible for reinforcement in the Vary sample,

t became more difficult for the subjects to discriminate whether
hey had experienced a Vary or a Repeat sample. Likewise, when
he requirement in the Repeat sample was made more easy to meet
by increasing the number of acceptable sequences), the probabil-
ty of the repeat sequences decreased and the U value increased
ral Processes 85 (2010) 116–125 123

— even though reinforcers could still be earned by emitting solely
the repeat sequences or by emitting only the most easy sequences
(LLLL or RRRR) — thus suggesting that subjects were behaving like
in the Vary sample. All in all, changing the requirement of either
contingency reduced the disparity between contingencies probably
because similar responses could be emitted under both contingen-
cies (since the same set of sequences were in effect), and interaction
effects were more probable given this response overlap.

Interestingly, the results of the present study showed that the
variability displayed in the Repeat sample was affected by the
manipulation in the requirement of variation in the Vary sample
(Vary Testing), but the variability during the Vary sample was not
affected by changes in the requirement of repetition in the Repeat
sample (Repeat Testing), as shown in Fig. 2. The interaction between
the Vary and Repeat contingencies during the Vary Testing may
have occurred because of the absence of discriminative cues sig-
naling which contingency was in effect (e.g., Hanna et al., 1992).
The fact that this interaction was observed only during the Vary
Testing could be indicative that repetition was more sensitive to
contingency changes than variation. Indeed, there is a considerable
amount of evidence that repetitive behaviors are more suscepti-
ble to interfering events than varied ones (e.g., Abreu-Rodrigues
et al., 2004; Neuringer et al., 2001; Odum et al., 2006; Wagner
and Neuringer, 2006; Ward et al., 2006). However, it is also pos-
sible that the Vary performance was unaffected during the Repeat
Testing because of a ceiling effect – variability was already so high
in the Vary sample that the effect of any variable that would fur-
ther promote increases in variability was hard to detect. To clear
this issue, future research may examine interactions between Vary
and Repeat contingencies under mixed schedules by employing
requirements that select intermediate variability levels.

A number of studies have evaluated the effects of the disparity
between sample-contingencies upon discrimination accuracy. For
example, Shimp (1981, 1983) used contingencies that required dif-
ferent inter-response intervals (IRTs) and Hobson (1975), Pliskoff
and Goldiamond (1966), and Rilling and McDiarmid (1965) used
two FR schedules as sample stimuli. They observed a direct relation
between sample disparity and discrimination accuracy. Similarly,
in the present study, as the variability levels in the Vary and
Repeat samples became progressively similar (low disparity), dis-
crimination accuracy decreased; and as they became progressively
dissimilar (high disparity), discrimination accuracy increased (see
Fig. 4). These results suggest that the degree of behavioral variation
functioned as a discriminative stimulus for choice.

This suggestion seems stronger when the effects of addi-
tional variables are considered. Several studies have indicated that
response rate (e.g., Lionello-DeNolf and Urcuioli, 2003; Okouchi and
Songmi, 2004; Urcuioli and DeMarse, 1994), reinforcement rate
(e.g., Commons, 1979), and sample duration (e.g., Reynolds and
Catania, 1962) may serve discriminative functions in MTS tasks.
In the present study, as it was shown in Table 2, response rates,
reinforcer rates, and sample durations were not consistently dif-
ferent between the Vary and Repeat samples, thus minimizing the
chance that those variables were functioning as cues for accurate
choices. In contrast, the variability measures (i.e., the U value and
the repeat sequences’ probability) were systematically different
between samples, becoming a more probable candidate as con-
trolling stimuli. In accordance with this interpretation, when the
differences between the measures of sample performance were
plotted against the log d (Fig. 4), only the variability measures
were found to be related to the changes observed in discrimination

accuracy, and the stepwise regression showed that those variables
accounted for a great part of the variability in log d.

Changing the variation and repetition criterion did not consis-
tently affect response bias (see Fig. 3). These data are consistent
with previous studies in which no reliable effects of manipulations
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n the distinctiveness of sample-contingencies upon log b values
ere observed (see Davison and Nevin, 1999 for a review). In

he studies discussed by Davison and Nevin, when response bias
as obtained, it was usually a function of differential reinforce-
ent rates between contingencies (either in the sample or choice

omponents). For this reason, in the present study, as similar rein-
orcement rates were provided under the Vary and Repeat samples,
nd the ratio of reinforcement was equal between the two-choice
omponents of the MTS task, it was not surprising that response
ias was either low or absent across most conditions.

Furthermore, it might be worth noticing that providing rein-
orcement during the sample component is not the usual procedure
n the contingency discrimination literature. Usually, meeting the
ample contingency requirement produces the opportunity to
hoose between comparisons (a conditioned reinforcer). Never-
heless, some studies have employed reinforcement during the
ample-contingencies (e.g., Commons, 1979; Jones and Davison,
998; Lattal, 1979). In the study of Lattal (1979), for example, con-
itions with and without reinforcement during the sample were
ompared and this variable did not affect discrimination. Differen-
ial reinforcement rates between samples, though, might have an
ffect upon discrimination accuracy (e.g., Jones and Davison, 1998).
owever, as we stated above, similar obtained reinforcement rates
ere programmed during the sample. Therefore, we did not expect

he degree of discrimination accuracy obtained in the present study
o be different from the one obtained in other procedures in which
onditioned reinforcers are employed.

The findings reported here are consistent with the hypothesis
hat R–S contingencies can serve the dual function of reinforc-
ng variation over repetition and of signaling when varying or
epeating is the more efficient behavior pattern. Furthermore,
he discriminative function exerted by those contingencies seems
o be comparable to the one exerted by exteroceptive stimuli.

asserman et al. (2004), in reviewing studies on how humans and
on-humans make a same-different judgment, pointed out that
uch judgment was effectively controlled by variety (or, we could
ay, disparity) in a set of exteroceptive stimuli. For example, in some
f the studies described by those authors, a number of stimuli (e.g.,
set of 12 stimuli) were presented on a screen. In some trials, all

timuli were the same, while in other trials the number of differ-
nt stimuli (out of 12) was gradually increased, thus reducing the
isparity between these sets. The probability of giving a ‘differ-
nt’ response was found to increase with the number of different
timuli presented to both humans and non-humans (pigeons and
aboons), thus suggesting that increasing the disparity in the stim-
li set produced higher discrimination accuracy. Likewise, in the
resent study, the probability of reporting a Vary or a Repeat sample
as affected by the disparity in the behavioral variability displayed

etween samples. Taken together, our findings and those reviewed
y Wasserman et al. suggest that humans and non-humans can

earn to discriminate non-behavioral events as well as aspects of
heir own behavior in a similar way.

In sum, the present experiment further support the interpre-
ation of behavioral variability as an operant. As outlined in the
ntroduction, variability levels can be adaptive, and organisms can
earn to increase and decrease their own variability levels in order
o better attend a contingency requirement. Additionally, organ-
sms can accurately report whether their behavior was varied or
epetitive. The present results indicate that this discrimination can
e under control of the contingencies (behavior–reinforcer rela-
ion) in a similar manner to the control exerted by exteroceptive

timuli (stimulus–reinforcer relations). In other words, variability
iscrimination is not only restricted to exteroceptive stimuli rela-
ions, but also comprises the discrimination of variability levels in
n organism’s own behavior.
ral Processes 85 (2010) 116–125
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Appendix A.

Mean, maximum, and minimum probabilities for each of the
two trained repeat sequences in the Vary and Repeat samples
during the Vary and Repeat Testing phases (baseline phases
included).

Vary Testing Repeat Testing

Vary Repeat Vary Repeat

RLLL RRLL RLLL RRLL RLLL RRLL RLLL RRLL

A1
Mean 0.24 0.26 0.41 0.37 0.16 0.14 0.34 0.20
Max 0.48 0.37 0.56 0.49 0.18 0.19 0.47 0.31
Min 0.14 0.19 0.30 0.27 0.12 0.08 0.12 0.06

Vary Testing Repeat Testing

Vary Repeat Vary Repeat

LRLR LRRR LRLR LRRR LRLR LRRR LRLR LRRR

A2
Mean 0.10 0.41 0.08 0.55 0.12 0.23 0.10 0.33
Max 0.12 0.57 0.13 0.75 0.14 0.38 0.13 0.49
Min 0.06 0.19 0.06 0.37 0.09 0.13 0.07 0.19

Vary Testing Repeat Testing

Vary Repeat Vary Repeat

RLLL LLRR RLLL LLRR RLLL LLRR RLLL LLRR

A3
Mean 0.44 0.09 0.64 0.07 0.21 0.05 0.32 0.04
Max 0.80 0.20 0.84 0.15 0.36 0.08 0.61 0.06
Min 0.18 0.00 0.51 0.00 0.15 0.01 0.21 0.02
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