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Two experiments evaluated history effects on induced and operant variability. College students typed
three-digit sequences on a computer keyboard. Sequence variability was induced (by no reinforcement or
variation-independent reinforcement) or reinforced (by variation- or repetition-dependent reinforcement).
Conditions with induced and operant variability were presented according to a reverse between-groups de-
sign. In Experiment 1, we examined transitions from the variation or repetition contingencies to no reinforce-
ment, and vice versa. In Experiment 2, the variation or repetition contingencies were followed or preceded
by variation-independent reinforcement. The results showed that (1) a history of no reinforcement impaired
operant variability learning; (2) induced variability levels were higher and lower after a history of reinforce-
ment for variation and repetition, respectively; (3) repetition was more easily disrupted by no reinforcement
and independent reinforcement than was variation; and (4) response variability and stability were a function
of past and current reinforcement conditions. These results indicate that reinforcement history influences both

induced and operant variability levels.

Behavioral variability is influenced by the environ-
ment (Neuringer, 2002, 2003, 2004). One source of in-
fluence comes from exposure to schedules of reinforce-
ment. When reinforcement is plentiful, behavior usually
becomes stereotyped (e.g., under a continuous schedule
of reinforcement, CRF; Schwartz, 1980, 1982). When the
frequency of reinforcement is reduced (e.g., under inter-
mittent schedules; Eckerman & Vreeland, 1973; Gharib,
Gade, & Roberts, 2004), or reinforcement is withheld
(e.g., under extinction; Antonitis, 1951; Morgan & Lee,
1996; Stokes, 1995), variability increases in comparison
with that observed in the CRF schedule. This increase in
variability is said to be induced, rather than reinforced,
because there is no contingent relation between variability
and reinforcer presentation or omission.

The second source of environmental control is rein-
forcement. Behavioral variability, as with other behavioral
dimensions (e.g., force, topography, duration, rate), is sen-
sitive to operant contingencies. For example, variability is
greater when it is required for reinforcement than in the
absence of such a requirement (e.g., Page & Neuringer,
1985). In addition, the degree of variation can be pre-
cisely controlled by reinforcement contingencies, so that
requirements of low, intermediate, and high variability
generate the corresponding level of variation (Machado,
1989; Stokes, 1999; Wagner & Neuringer, 2006). More-

over, studies show that discriminative stimuli can affect
the probability of varying as opposed to repeating (Den-
ney & Neuringer, 1998; Page & Neuringer, 1985; Ward,
Kynaston, Bailey, & Odum, 2008).

A large body of evidence indicates that responding
is determined by both past and current contingencies of
reinforcement (cf. Lattal & Neef, 1996; Wanchisen &
Tatham, 1991). Accordingly, some studies have indicated
that past exposure to conditions that induce variability—
and exposure to variation and repetition contingencies of
reinforcement—alters the degree of variation in a subse-
quent condition. For example, Neuringer, Kornell, and
Olufs (2001) reported that extinction-induced variability
in rats was greater after a variation than after a repetition
history. Interestingly, when the degrees of variation dur-
ing training and extinction were compared, increases in
variability were found to be lower after the variation than
after the repetition training, indicating that repetition was
more disrupted by extinction than was variation. Another
interesting finding was a mix of variability and stability.
That is, extinction-induced variation was characterized
by an increase in the frequency of sequences that were
rarely emitted during the variation and repetition training.
Nevertheless, the ordering of sequence preference—from
the most to the least preferred one—found during both
trainings was maintained during extinction.

A. Souza, a.souza@psychologie.uzh.ch

© 2010 The Psychonomic Society, Inc.

426



INDUCED AND OPERANT VARIABILITY 427

One study evaluated history effects by promoting tran-
sitions from induced to operant variability conditions,
and vice versa. In the investigation performed by Maes
(2003), college students were divided into four groups. In
Experiment 1, one group was exposed to a variation con-
tingency followed by a no-reinforcement condition (i.e.,
extinction), whereas a second group experienced the in-
verse order. In Experiment 2, instead of no reinforcement,
the variation contingency was followed or preceded by
variation-independent reinforcement for two additional
groups. In the absence of an experimental history, vari-
ability was higher under the variation contingency than
under the no-reinforcement and variation-independent
reinforcement conditions. With a history of no reinforce-
ment, but not of variation-independent reinforcement, the
variation contingency produced lower levels of variability
than without that history, suggesting that the exposure to
no reinforcement may impair the subsequent acquisition
of operant variation. Finally, with a history of variation
contingency, variation was greater during the variation-
independent reinforcement than with no such history.
Similarly to Neuringer et al. (2001), Maes found an in-
crease in the frequency of rarely emitted sequences and
maintenance of the ordering of sequence preference.

In sum, Neuringer et al. (2001) investigated the varia-
tion induced by no reinforcement after a history of varia-
tion and repetition contingencies. Behavioral variability
induced by variation-independent reinforcement was not
evaluated. Maes (2003), on the other hand, reported the
effects of a history of no reinforcement and of variation-
independent reinforcement on variability learning. Rep-
etition learning, however, was not assessed. Thus, both
studies left some questions unanswered. The present
study aimed to provide a broader assessment of historical
variables on behavioral variability by investigating the
history effects of both variation and repetition contingen-
cies on the variability induced by no reinforcement and
variation-independent reinforcement, as well as the his-
tory effects of these last two conditions on operant varia-
tion and repetition.

More specifically, to replicate and extend the previ-
ous findings, we studied transitions from conditions that
induce variability (i.e., no reinforcement and variation-
independent reinforcement) to operant contingencies of
variation or repetition, and vice versa, using a reversal
design. College students were requested to type three-
digit sequences. Half of the participants were trained to
produce varied sequences, whereas the other half were
trained to repeat a specific sequence. In Experiment 1,
the variation or repetition contingencies were followed by
no reinforcement for two groups of participants, whereas
the reverse order was used with two additional groups. In
Experiment 2, instead of no reinforcement, the variation
or repetition contingencies were followed by a variation-
independent reinforcement condition, or vice versa. This
design allowed the following assessments: history effects
on the acquisition and disruption of operant variability;
history effects on the variability induced by no reinforce-
ment and variation-independent reinforcement; and the

mix of response variability and stability produced by dif-
ferent contingency transitions.

METHOD

Participants

One hundred and nine undergraduate students from the Univer-
sidade de Brasilia (Brasilia, Brazil) participated in this study. Data
from 29 participants did not reach learning criterion (described
below) and their data were discarded (17 from the variation sub-
groups, 12 from the repetition subgroups). Data from 80 participants
(51 women and 29 men) were included in the analysis (40 in each
experiment). The participants ranged in age from 17 to 28 years old
(M = 20.2). Participants read and signed an informed consent form.
Their participation consisted of one 40-min session. All participants
earned extra credit in introductory psychology classes. Points earned
during the task were converted into chances to win a cash prize (ap-
proximately $25) at the conclusion of the study.

Apparatus

The study was conducted in a room (2.30 X 1.82 m) with partial
acoustic insulation. The room contained a table, a chair, an IBM-
compatible personal computer, and a printer. The experiment was
run by a program written in Visual Basic 6 that controlled stimulus
presentations and registered keyboard responses.

Design and Procedure

All participants read the following instructions at the beginning
of the experiment. The instructions were written in Portuguese and
translate to English as follows:

This is a learning experiment. You will be working on this
computer throughout the experiment. You will be required to
execute a task and will receive points for your performance.
Your task is to type sequences consisting of three digits, using
the keyboard keys numbered 1, 2, and 3. Each keypress will
produce a yellow circle on the screen. This will allow you to
keep track of the number of responses you have already made.
When you finish typing a sequence, push the Enter button or
the space bar. You may type any digit combination, such as
123,331, 212, and so on. You might discover which sequences
produce points. Try to earn as many points as possible. For
each correct sequence, you will receive 10 points, and for each
100 points, you will receive a coupon that is worth a chance to
earn a prize at the end of the experiment. You will be able to
keep track of the number of sequences already typed and the
number of coupons you have accumulated. You will be asked
to type approximately 900 sequences; therefore, try to work
at a steady pace. If you are ready, you can start the experi-
ment by clicking with the mouse on the OK that appears on
the screen.

At the start of each trial, the monitor showed a black screen with
the word “Sequence” written on the top. In addition, two counters
were visible at the bottom of the screen: One counter (on the left)
presented the number of trials already completed, and the other
(on the right) the number of coupons accumulated. Participants
were required to emit three-response sequences by pressing dig-
its 1, 2, and/or 3 on the keyboard. There were 27 possible different
sequences. As the participant typed the digits, yellow circles were
presented, from the left to the right, in a row above the word “Se-
quence.” If a sequence met the reinforcement criterion, the pressing
of the Enter key or the space bar was followed by feedback (“You
won 10 points™), a smiley face, and the total number of earned points
(hereafter called “reinforcers”) on a white screen for 1 sec. None of
these reinforcers were produced by noncriterion sequences. Follow-
ing the production of each sequence (or the reinforcement feedback,
when it occurred), a new trial began.
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Participants were randomly assigned to one of two groups: varia-
tion or repetition. Each group was subdivided into two subgroups
(n = 10) in each experiment. Hence, in Experiment 1, 40 partici-
pants were distributed across four experimental subgroups, and, in
Experiment 2, another set of 40 participants was also assigned to
four subgroups. Both experiments used ABA and BAB designs, and
phase changes were not signaled. The A phase was either a varia-
tion (Var) or a repetition (Rep) contingency, depending on the indi-
vidual’s subgroup (variation or repetition group, respectively). The
B phase corresponded to no reinforcement (NoST; Experiment 1) or
to variation-independent (Ind) reinforcement (Experiment 2). Sub-
groups were named according to the order of exposure to the experi-
mental conditions through the three phases—with the first, second,
and third abbreviation referring to Phases 1, 2, and 3, respectively
(see Table 1). The third phase corresponded to the reexposure to the
same reinforcement condition introduced in Phase 1.

Each phase lasted 300 trials, except for the last phase of the Var-
NoS*-Var and Rep-NoS*-Rep subgroups (Experiment 1), and of the
Var-Ind-Var and Rep-Ind-Rep subgroups (Experiment 2). For these
subgroups, the last phase ended when the number of reinforcers was
equal to that obtained in Phase 1 or after 300 trials, whichever oc-
curred first. Each phase is described below.

Variation (Var). In this phase, a sequence was followed by re-
inforcement if it satisfied two variability criteria: (1) The current
sequence had to differ from each of the preceding two emitted se-
quences (lag 2 criterion), and (2) the weighted relative frequency
of the current sequence had to be less than or equal to a certain
threshold (cf. Denney & Neuringer, 1998). The relative frequency
was computed by dividing the total number of occurrences of each
sequence by the total number of completed sequences (trials). To
weight recently produced sequences more than past sequences, after
each reinforcer delivery, the relative frequency of the 27 sequences
was multiplied by a weighting coefficient (w = .95) that exponen-
tially decreased the contribution of past sequences. The weighted
frequency of the current sequence was compared with the threshold
value to determine whether this sequence was to be reinforced. If the
weighted relative frequency was less than or equal to the threshold
(and the lag 2 requirement was satisfied), a reinforcer was delivered;
otherwise, the sequence was considered a noncriterion one, and no
feedback was provided. The threshold was set to .02 throughout the
study. In the beginning of each phase, all sequences’ counters were
set to zero (thus, the first emission of each sequence was followed
by reinforcement).

Repetition (Rep). In this phase, every emission of the sequence
231 (the first presentation of the Rep phase) or 132 (the second pre-
sentation of the Rep phase) was followed by reinforcement.

No reinforcement (NoSY). In this phase, none of the emitted
sequences produced reinforcers.

Variation-independent reinforcement (Ind). In this phase,
there was no contingent relation between sequence variation (or
repetition) and reinforcer delivery. Hence, 50% of the produced
sequences were followed by reinforcement, and 50% were not, in-
dependently of the degree of variation. The delivery of reinforcers
was based on a preprogrammed list that randomly assigned rein-
forcement and no reinforcement across trials—and that guaranteed
that no more than three reinforcement (or no-reinforcement) trials
occurred in a row.

Data Analysis

Data from each phase were divided into blocks of 50 trials, yield-
ing six blocks per experimental phase. For each 50-trial block, sev-
eral behavioral measures were analyzed:

1. The percentage of sequences that met the variability (MetVar)
or the repetition (MetRep) criteria in all phases for the variation
and repetition groups. The MetVar and MetRep percentages were
computed according to the following formula: [number of trials in
which the variability (or repetition) criterion was met/total number
of'trials] * 100.

Given that the MetVar takes into consideration whether the fre-
quency of the just produced sequence was below or above the thresh-
old, it provides an assessment of the operant variability reinforced
during the variation phase.

2. The overall index of sequence variability (U value). U values
were computed according to the following equation (Miller & Frick,
1949):

-3 {RFi x[ log(RFi) / log(2) ]}
[log(n) / log(2)]

where RF is the relative frequency of the sequence i (for i = 1 to n),
and # is the number of all possible sequences (27). If each of the 27
possible sequences was produced equally often, then the U value
would be equal to 1; if only one sequence was produced, the U value
would be equal to 0. In comparison with the MetVar and MetRep
values, the U value may be considered a molar measure of vari-
ability. It takes into account the likelihood of all possible sequences
in a defined set of produced sequences (in the case of the present
experiment, a block of 50 trials). Thus, it shows variability on a more
global level (blocks), whereas the MetVar is more of a molecular
measure of variability because it indicates the degree of variability
of each produced sequence.

3. The probabilities of each sequence (sequence frequency/total
trials) in the first and second phases. Sequences were ordered from
the most to the least probable (considered here as a measure of
preference) in the first phase. Sequence probabilities in the second
phase were computed in the same order of preference as in the first

>

Table 1
Reinforcement Conditions in Each Phase of Experiments 1 and 2
for the Variation and Repetition Subgroups

Experimental Phase

Group Subgroup Phase 1 Phase 2 Phase 3
Experiment 1
Variation Var-NoS'-Var Variation No reinforcement ~ Variation
NoSr-Var-NoSr No reinforcement ~ Variation No reinforcement
Repetition ~ Rep-NoS*-Rep Repetition No reinforcement  Repetition
NoSr-Rep-NoS*  No reinforcement ~ Repetition No reinforcement
Experiment 2
Variation Var-Ind-Var Variation Independent S* Variation
Ind-Var-Ind Independent St Variation Independent St
Repetition  Rep-Ind-Rep Repetition Independent S* Repetition
Ind-Rep-Ind Independent St Repetition Independent St

Note—Sr, reinforcers; Var, variation; Rep, repetition; NoSt, no reinforcement; Ind, variation-

independent reinforcers.
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phase. Finally, the ratio of each sequence’s probabilities in the first
and second phases was computed to examine the relation between
variability and stability. A ratio of 1.0 indicates no change, whereas
ratios greater or smaller than 1.0 indicate increases and decreases in
sequence probability, respectively.

Participants who did not reach a minimum percentage (i.e., 25%)
of MetVar or MetRep in the last block of the first variation or rep-
etition phases were excluded from the data analysis (learning crite-
rion). Results were tested for significance with a repeated measures
ANOVA, one-way ANOVA, or Student’s ¢ tests. In the repeated mea-
sures ANOVA, blocks were the within-subjects factor and subgroups
were the between-subjects factor. In most of the repeated measures
ANOVA analyses performed, the sphericity assumption was vio-
lated. Nevertheless, we reported Greenhouse—Geisser adjusted de-
grees of freedom only when this affected the p value. To correct
for the nonspherecity, we also employed Bonferroni’s adjustment
for multiple comparisons. In addition, eta-squared (2) results were
provided for the significant effects.

RESULTS

MetVar and MetRep

Figure 1 presents the mean percentage of sequences
that met the variability (MetVar) and repetition (MetRep)
criteria, and the mean U values in each block of 50 trials
for the variation and repetition groups in Experiments 1
and 2. These measures were presented for the first expo-
sure to the operant contingencies (circles) and the induc-
ing phases (squares) and for the reexposure (ReExp) to
these conditions that occurred in Phase 3.

Experiment 1: Acquisition. As is shown in Fig-
ure 1, when the variation contingency was introduced
for the first time (Var), a gradual increase in the MetVar
was observed for both variation subgroups, suggesting a
learning curve. Indeed, the repeated measures ANOVA
revealed a main effect of block [F(2.39, 43.09) = 28.286,
p <.001, »2 = .54], and of block X subgroup interaction
[F(2.39,43.09) = 6.337, p = .002, 2 = .12], but not a
main effect of subgroup. Pairwise comparisons showed
a significant difference between the fifth block and the
remaining blocks (except the first one) and a significant
difference between the last block and all remaining blocks
(p < .05). An independent samples ¢ test was performed
with data from the last block, and it revealed that the Var-
NoSr-Var subgroup obtained a higher MetVar (M = 86.2,
SD = 13.1) than the NoS*-Var-NoSr subgroup (M = 65.2,
SD = 23.3)[¢#(14.21) = 2.483, p = .026]. Thus, there was
evidence that after a history of no reinforcement, partici-
pants presented a lower MetVar than in the absence of
such a history.

During the first presentation of the repetition contin-
gency (Rep), a gradual increase in the MetRep for both
repetition subgroups was also observed, and accordingly,
only the main effect of block was found to be significant
[F(2.62,47.16) = 38.813, p < .001, 2 = .66]. Pairwise
comparisons showed that the first and second blocks were
different from all remaining blocks (p < .05). Therefore,
performance in the repetition phase was not affected by a
history of no reinforcement.

Experiment 1: Reacquisition. Reintroducing
the variation and repetition contingencies in the third

phase increased the MetVar and MetRep, respectively
(ReExp phase; see Figure 1). Performance in the first Var
and Rep phases was compared with performance in the
ReExp phases—that is, for the Var-NoSr-Var and Rep-
NoS*-Rep subgroups—by means of a two-factor (block
and phase) repeated measures ANOVA. For the Var-NoS'-
Var subgroup, only the first three blocks of each phase
were included in the analysis because most participants
finished the experiment by the third block of the ReExp
phase. There was a significant effect of block [F(2,18) =
4.150, p = .033, n2 = .01], phase [F(1,9) = 185.928,p <
.001, »2 = .74], and block X phase interaction [F(2,18) =
29.035, p <.001, 52 = .14]. Pairwise comparisons showed
that higher MetVar values were obtained in the ReExp
than in the Var phase.

For the Rep-NoSr-Rep subgroup, five blocks of each
phase were included in the analysis because most par-
ticipants had finished the experiment by this block, and a
significant effect of block was found [F(4,36) = 27.589,
p <.001,n2 = .55]. Pairwise comparisons revealed a sig-
nificantly lower MetRep in the first block than in the sub-
sequent blocks (p < .05). Neither the effects of subgroup
nor of block X phase interaction were significant.

Experiment 1: No reinforcement. Comparison of the
NoSr phase of both variation subgroups showed only a
main effect of block [F(5,90) = 32.804, p < .001, 2 =
.63] (significant difference between the first and the re-
maining blocks, p < .001). This result suggests that prior
exposure to the variation contingency had no effect on the
MetVar during the no-reinforcement phase. The compari-
son of the NoSr phase of the Var-NoS'-Var with the ReExp
phase of the NoS-Var-NoSt—that is, both after a history of
variation contingency—yielded a main effect of block X
subgroup interaction [F(5,90) = 11.112, p < .001, n2 =
.24]. Pairwise comparisons showed that the first block was
different from all other blocks (p < .001), and that the
Var-NoS*-Var subgroup presented a higher MetVar than
the NoSr-Var-NoSr subgroup (p < .001). Comparison of
the NoSr phase of both repetition subgroups, and of the
NoSr phases after the repetition contingency (i.e., in the
ReExp phase) did not yield significant effects of block,
subgroup, or block X subgroup interaction.

Experiment 2: Acquisition. During the Var phase
(Figure 1), a gradual increase in the MetVar was observed
for both variation subgroups, and the repeated measures
ANOVA showed only a main effect of block [F(5,90) =
36.847,p < .001, n2 = .66]. Pairwise comparisons showed
a significant difference between the fifth block and all
remaining blocks (except the first one) and between the
last block and all other blocks (p < .05). Thus, there
was no evidence that a history of variation-independent
reinforcement affected acquisition during the variation
contingency.

During the Rep phase, a gradual increase in the Met-
Rep was observed for both repetition subgroups, and,
indeed, only the effect of block was found to be signifi-
cant [F(5,90) = 39.173, p < .001, n2 = .66]. Pairwise
comparisons also showed that the first and second blocks
were significantly different from all other blocks (p <
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Figure 1. Mean percentages of sequences that met the variability (MetVar) and repetition (MetRep) criteria (top panel) and mean
U values (bottom panel) in each block of 50 trials for the variation and repetition groups in Experiments 1 and 2. These measures were
presented for the first exposure to the operant contingencies (circles) and the inducing phases (squares) and for the reexposure (ReExp)
to these conditions that occurred in Phase 3. The black symbols indicate the subgroups exposed to the operant contingency (variation
and repetition contingencies) in the very first phase, and the open symbols indicate the subgroups exposed to the variation-inducing
conditions (no reinforcement and independent reinforcement) in the first phase.

.05). This result indicates that a history of variation- Figure 1). Performance in the Var (or Rep) and ReExp
independent reinforcement did not affect performance in  phases of the Var-Ind-Var (or Rep-Ind-Rep) subgroup was
the repetition phase. compared with a two-factor (block and phase) repeated

Experiment 2: Reacquisition. Reintroducing the measures ANOVA. For the Var-Ind-Var subgroup, only
variation and repetition phases rapidly increased the three blocks were included in this analysis, again because
MetVar and MetRep, respectively (ReExp phase; see most participants had finished the ReExp phase by the
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third block. There was a main effect of phase [F(1,9) =
34.747, p < .001, »2 = .59] and block X phase interac-
tion [F(2,18) = 46.860, p < .001, 2 = .18]. Pairwise
comparisons showed a significant difference between per-
formance in the Var and ReExp phases (p < .001). For the
Rep-Ind-Rep subgroup, the first five blocks of each phase
were included in the analysis, yielding a main effect of
block [F(1.54, 13.88) = 15.494, p = .001, 2 = .26] and
of'block X phase interaction [F(2.55,22.96) = 3.445,p =
.018, #2 = .09]. Pairwise comparisons showed a signifi-
cant difference between the first block and the remaining
blocks (p < .05).

Experiment 2: Variation-independent reinforcers.
During the Ind phase of the variation group, intermediate
MetVar values were observed. For the repetition group,
the effects of the Ind phase depended on the previous his-
tory of repetition (i.e., an intermediate MetRep for the
Rep-Ind-Rep subgroup, and a low MetRep for the Ind-
Rep-Ind subgroup; see Figure 1).

Comparison of the Ind phase between the variation sub-
groups showed a main effect of block [F(5,90) = 12.818,
p < .001, n2 = .39] and subgroup [F(1,18) = 6.052, p =
.024, 2 = .25], but not of block X subgroup interaction.
Pairwise comparisons indicated that the first block was sig-
nificantly different from the second and third blocks (p <
.05), and the last block was different from the second, third,
and fourth blocks (p < .05). In addition, MetVar values
after a history of variation (i.e., for the Var-Ind-Var sub-
group) were higher than in the absence of this history (for
the Ind-Var-Ind subgroup; p = .024). Comparison of the
Ind phases of the Var-Ind-Var subgroup with the ReExp
phase of the Ind-Var-Ind subgroup—both after a history of
variation contingency—showed only a main effect of block
[F(1.94, 34.92) = 4.982, p = .013, 2 = .20]. Pairwise
comparisons showed a significant difference between the
last block and the second one (p = .036).

Comparison of the Ind phase between the repetition sub-
groups indicated a main effect of block [F(1.90, 34.21) =
3.906, p = .032, 52 = .15], subgroup [F(1,18) = 19.354,
p < .001, 2 = .52], and block X subgroup interaction
[F(1.90, 34.21) = 3.595, p = .040, n? = .14]. Pairwise
comparisons indicated that the first block was signifi-
cantly different from the fourth block (p < .05), and
that MetRep values were higher after a history of rep-
etition (p < .001). Comparison of the Ind phase of the
Rep-Ind-Rep and the ReExp phase of the Ind-Rep-Ind
subgroup—that is, the Ind phase after a history of rep-
etition contingency—showed only a main effect of block
[F(2.17,39.14) = 7.953, p = .001, n% = .30]. Pairwise
comparisons indicated a significant difference between
the first block and the remaining ones (p < .05).

U Value

Experiment 1. For the variation group, U values were
higher during the variation contingency than during the
no-reinforcement condition in the first phase (i.e., Var
phase vs. NoSr phase between subgroups; see Figure 1).
The repeated measures ANOVA confirmed only a main
effect of subgroup [F(1,18) = 11.312, p = .003, 2 =

.39], thus indicating that higher variability levels were
observed under the variation contingency. The compari-
son of the Var phase between subgroups showed that the
NoSr-Var-NoSr subgroup presented a lower U value than
the Var-NoSr-Var subgroup [F(1,18) = 12.805, p = .002,
n? = .42]. Neither the effects of block nor block X sub-
group interaction were significant.

During the NoSr phase, similar U values were ob-
served—regardless of whether there was a history of vari-
ation contingency or not—as long as no main effect of
subgroup (or of block X subgroup interaction) was found
by the repeated measures ANOVA. However, the effect of
block was significant [F(2.51, 45.23) = 3.759, p = .023,
n? = .17] and pairwise comparisons showed the first and
the last blocks to be different (p < .05). The comparison
of the no-reinforcement phases presented after the varia-
tion phase yielded no significant effects.

For the repetition group, U values varied in accordance
with the reinforcement phase. During the first phase of
both repetition subgroups, a higher U value was observed
in the no-reinforcement phase than in the repetition phase
(see Figure 1). Accordingly, the effects of block [F(5,90) =
19.821, p < .001, 52 = .44], subgroup [F(1,18) = 42.115,
p < .001, 2 = .70], and block X subgroup interaction
[F(3.11, 55.91) = 7.541, p < .001, n2 = .17] were sig-
nificant. Pairwise comparisons showed a significant dif-
ference between the first block and all remaining blocks
(p < .05) and between the second block and the third and
fifth blocks (p < .05). During the Rep phase, only a sig-
nificant effect of block was obtained [F(5,90) = 35.264,
p < .001, »2 = .64]. Pairwise comparisons indicated a
significant difference between the first and second blocks
and the remaining blocks (p < .05).

The NoSr phase maintained similar U values for both
repetition subgroups, except for the first block (see Fig-
ure 1). Only the effects of block [F(5,90) = 13.383, p <
.001, »2 = .24] and of block X subgroup interaction
[F(5,90) = 24.312, p < .001, 2 = .44] were significant.
Pairwise comparisons showed a significant difference
between the first block and the second, fourth, and sixth
blocks (p < .05). Comparison of the no-reinforcment
phases presented after the repetition phase revealed a
main effect of block [F(5,90) = 18.315, p < .001, 2 =
.32], subgroup [F(1,18) = 8.056,p = .011,%2 = .31], and
block X subgroup interaction [F(3.421, 61.572) = 20.995,
p = .011, 2 = .37]. Pairwise comparisons showed a sig-
nificant difference between the first block and the remain-
ing blocks and also between the second block and the last
block (p < .05), and that the NoS™-Rep-NoSrsubgroup (in
the ReExp phase) presented higher U values than the Rep-
NoSr-Rep subgroup (in the First NoS* phase; p < .05).

Experiment 2. Figure 1 shows that U values were
higher for the variation group during the variation phase
than during the variation-independent phase (first phases
compared between subgroups), and the repeated mea-
sures ANOVA confirmed only a main effect of subgroup
[F(1,18) = 18.311, p < .001, 2 = .50]. Comparison of
the Var phase did not show a main effect of block or of
subgroup, but the block X subgroup interaction was sig-
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nificant [F(3.45, 62.12) = 3.819, p = .011, 2 = .17].
Inspection of Figure 1 suggests that during the Ind phase,
higher U values were obtained when this phase was in-
troduced after a history of variation (i.e., for the Var-Ind-
Var subgroup) than in the absence of such history. This
effect was confirmed by the repeated measures ANOVA
[F(1,18) = 5.180, p = .035, n2 = .22; subgroup effect].
When we compare the variation-independent phases intro-
duced after a variation phase, intermediate MetVar values
were observed for both subgroups and the repeated mea-
sures ANOVA yielded no significant results, thus indicat-
ing that repeated exposure to the variation-independent
phase had no effects on the variability induced by this
condition.

For the repetition group, U values varied according to
the reinforcement phase. The comparison of performance
in the very first phase between the Rep-Ind-Rep and Ind-
Rep-Ind subgroups—that is, between the Rep and Ind
phases—revealed significant effects of block [F(5,90) =
18.164, p < .001, n% = .36], subgroup [F(1,18) = 96.067,
p < .001, 52 = .84], and block X subgroup interaction
[F(5,90) = 14.178, p < .001, »2 = .28]. Pairwise com-
parisons indicated that the first block was different from
all the other blocks (p < .05). The significant subgroup
effect indicates that a higher U value was observed dur-
ing the variation-independent phase than during the rep-
etition phase (p < .001). Comparison of the Rep phase
between subgroups confirmed only a main effect of block
[F(5,90) = 42.317, p < .001, 52 = .70]. Pairwise com-
parisons indicated that the first and second blocks were
different from the remaining blocks (p < .05).

The Ind phase produced different U values between
subgroups, and, accordingly, the main effects of sub-
group [F(1,18) = 26.019, p < .001, 2 = .59] and of
block X subgroup interaction [F(1.83, 32.88) = 4.825,
p = .017, 52 = .19] were significant. Pairwise compari-
sons indicated that U values were lower after a history of
repetition (p = .001). The comparison of the variation-
independent phases presented after the repetition phase
revealed only a main effect of block [F(2.46, 44.24) =
5.186, p = .006, 2 = .21]. Pairwise comparison showed
a significant difference between the first and the last
blocks (p < .05).

Disruption of Operant Variation and Repetition

Experiment 1. Figure 1 shows that withholding rein-
forcement after a history of variation or repetition contin-
gency reduced the MetVar and MetRep. Moreover, this
reduction seemed to be lower in the first block of trials
for the Var-NoS-Var subgroup than in the Rep-NoSr-Rep
(NoSr phase), the NoS™-Var-NoSr, and the NoS™-Rep-NoSr
(ReExp phases) subgroups. Indeed, when the relative de-
crease (the ratio of the first block of the no-reinforcement
phase and the last block of the prior variation or repeti-
tion phase) was compared with a one-way ANOVA, a sig-
nificant effect was obtained [F(3,36) = 30.899, p < .001,
n? = .72]. A Bonferroni test confirmed that the Var-NoS'-
Var subgroup presented a lower decrease in the first block
than did the other subgroups (p < .001).

Experiment 2. Variation-independent reinforcement
also decreased the MetVar and MetRep after a history of
variation and repetition contingency, respectively. When
the relative decrease (first block of variation-independent
phase/last block of prior phase) was compared between
subgroups (by a one-way ANOVA), no significant dif-
ferences were found. Nevertheless, Figure 1 shows that
the MetVar tended to increase, whereas the MetRep de-
creased, across blocks. Because of this result, we com-
puted the relative decrease for the last block (last block
of the variation-independent phase/last block of the prior
phase), and compared the result using a one-way ANOVA.
A significant effect of subgroup was found [F(3,26) =
11.111, p <.001, n2 = .48]. A Bonferroni test showed that
the variation subgroups presented a lower decrease than
the repetition subgroups (p < .01) in the last block.

Variability and Stability in the Order
of Sequence Preference

Figure 2 depicts the mean probability of production of
each of the 27 sequences in the first two phases (Var or
Rep, white dots; and NoSr or Ind, black dots) for each
subgroup, and the mean ratio of each sequence probability
(gray squares) in the second phase in relation to its prob-
ability in the first phase (i.e., Phase 2/Phase 1). Sequences
were ordered from the most to the least frequent (consid-
ered here as a measure of preference) in the first phase.
Data from NoSr-Rep-NoSr and Ind-Rep-Ind subgroups
are not presented. Given that those subgroups experienced
a shift to a repetition contingency and that during this con-
tingency only one sequence was produced in most trials,
the analysis was not very informative.

Experiment 1. Shifting from the variation to the no-
reinforcement phase (i.e., for the Var-NoSr-Var subgroup)
increased the probability of the least preferred sequences,
thus indicating variability, but the ordering of sequence
probabilities did not change, thus showing stability. The
shift from the no-reinforcement to the variation phase
(i.e., for the NoSr-Var-NoSr subgroup) increased the
probabilities of several nonpreferred sequences and de-
creased the probabilities of the most preferred ones, but
the ordering of sequence probabilities was also relatively
unchanged. Lastly, the shift from the repetition to the
no-reinforcement phase (i.e., for the Rep-NoSr-Rep sub-
group) increased the probabilities of all sequences except
the repetition sequence, thus showing a large increase in
variability. Nevertheless, the repetition sequence was still
the most frequently produced during the no-reinforcement
condition, showing stability. Therefore, the degree of vari-
ability and stability observed depended on both the past
and the current phases. Higher stability than variability
was observed with shifts from Var to NoSr; however,
higher variability was observed with the shift from NoSr
to Var and from Rep to NoS.

Experiment 2. Shifting from the variation to the
variation-independent phase (i.e., for the Var-Ind-Var
subgroup) slightly increased the probabilities of the
least preferred sequences; yet, again, the ordering of se-
quence probability did not change. The shift from the
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Figure 2. Mean probabilities of each of the 27 possible sequences (secondary y-axis) and mean ratio (i.e., second phase/first
phase) of each sequence probability (primary y-axis). Probabilities are depicted separately for the variation and repetition
phases and for the no-reinforcement (Experiment 1) and variation-independent reinforcement (Experiment 2) phases. Se-
quences were ordered from the most to the least preferred in the first phase.

variation-independent to the variation phase (i.e., for
the Ind-Var-Ind subgroup) increased the probabilities
of a great number of nonpreferred sequences and de-
creased the probabilities of the most preferred ones; but
sequence ordering did not differ between phases. Lastly,
shifting from the repetition to the variation-independent
phase (i.e., for the Rep-Ind-Rep subgroup) produced a
slight increase in the probability of the least preferred
sequences and a decrease in the probability of the repeti-
tion sequence; but, overall, sequence ordering remained
unchanged, showing stability. Similar to the results ob-
tained in Experiment 1, higher stability than variability
was observed with the shift from variation to variation

independent, whereas increased variability was observed
with the transition from variation independent to varia-
tion. Unlike results with no reinforcement, the transition
from repetition to variation independent did not produce
a high increase in variability, but it maintained perfor-
mance, indicating stability.

DISCUSSION

The present experiment examined history effects on
induced and operant variability. The major findings can
be summarized as follows. First, preexposure to a no-
reinforcement phase impaired the acquisition of oper-
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ant variation but had no detectable effect on the acqui-
sition of a repetitive response. Variation-independent
reinforcers, however, did not affect the acquisition of
either operant. Second, operant variation was less dis-
rupted than was repetition by no reinforcement and
variation-independent reinforcers. Finally, evidence of
both variability and stability was observed as a function
of changes in reinforcement conditions. Nevertheless,
the degree of variability and stability depended on the
previous and current conditions in effect. These findings
are discussed below.

Acquisition

Overall, reinforcing high and low variability levels in-
creased and decreased variability, respectively, whereas
withholding reinforcement decreased the occurrence of
the reinforced unit (i.e., MetVar and MetRep). Taken
together, these findings demonstrate operant control on
variability levels, replicating previous findings (Abreu-
Rodrigues, Lattal, Santos, & Matos, 2005; Maes, 2003;
Neuringer et al., 2001; Page & Neuringer, 1985; Stokes,
1999).

With regard to history effects, prior exposure to no re-
inforcement and variation-independent reinforcers had
different effects on acquisition of varied responses. No
reinforcement, but not variation-independent reinforce-
ment, interfered with the acquisition of operant variation,
replicating the findings reported by Maes (2003; see also
Hunziker, Yamada, Manfré, & Azevedo, 2006; Saldana &
Neuringer, 1998). Maes suggested that the learning inter-
ference produced by a history of no reinforcement could be
accounted for by the “learned helplessness” phenomenon
(cf. Abramson, Seligman, & Teasdale, 1978). This phe-
nomenon is characterized by impairment in learning due
to a prior experience with uncontrollable events—that is,
situations without a response—consequence contingency.
This history of uncontrollability is hypothesized to create
an expectation of reduced associability between responses
and consequences, thus affecting the organism’s ability
to detect future contingent relations. In the present study,
participants were exposed to two types of no-contingent
relations: consistent absence of reinforcement (the NoS*
phase) and variation-independent reinforcement (the Ind
phase). Therefore, if the learned helplessness interpre-
tation were to have been correct, both situations should
have impaired learning of varied and repetitive behaviors.
However, this was not the case: Only the NoS* phase had
a detrimental effect, and this was restricted to the acquisi-
tion of operant variation.

Why, then, did the prior exposure to no reinforcement
impair only variability learning? One tentative explana-
tion is based on generalization, or negative transfer, given
the similarities between the no-reinforcement and varia-
tion phases. During the no-reinforcement phase, because
sequences were not followed by reinforcers and as long
as the instruction stated that reinforcers would be pro-
duced by correct sequences, participants tried to vary
their sequences. The variability induced by the absence
of reinforcers, however, was not sufficient to satisfy the

variability contingency. When the contingency changed,
therefore, participants had to adjust their behavior. Never-
theless, noncriterion sequences were not followed by rein-
forcers (and this was similar to the prior no-reinforcement
phase). Moreover, sometimes the variation engendered by
no reinforcement may have produced reinforcers during
the variation phase. These features may have delayed the
learning of the variability requirement.

Several studies have pointed out a facilitative effect of
variation on acquisition of a repetitive response, especially
if this response is a difficult one (Grunow & Neuringer,
2002; Neuringer, 1993; Neuringer, Deiss, & Olson, 2000).
Thus, one could expect that inducing variability (either by
no reinforcement or by presenting response-independent
reinforcement) would have promoted learning for the rep-
etition group. This was not the case in the present study,
probably due to the easiness of the repetition sequence.
Inspection of frequency distributions of sequences for
the NoSr-Rep-NoSr and Ind-Rep-Ind subgroups (data
not shown) revealed that the repetition sequence was not
of low probability (and probably not a difficult-to-learn
one). In this sense, the repetition sequence may have been
quickly learned, and thus, any beneficial effect of variation
may have become superfluous. Therefore, it is possible that
the conditions arranged in the present study were not well
suited for observing the facilitative effects of inducing
variability on the acquisition of repetition (see also Maes
& van der Goot, 2006). Future investigations should, there-
fore, examine responses that are more difficult to learn.

No-Reinforcement and Variation-Independent
Reinforcement Effects

During the NoSr phase, the MetVar and MetRep were
low, but high U values were observed. On the other hand,
during the Ind phase, the MetVar was intermediate and
the MetRep was low, but U values were high for both sub-
groups. Finally, during the Var phase, the MetVar increased
across blocks, but the U value was high in all blocks. These
results show that the MetVar and the U value may reveal
different aspects of behavioral variability. The MetVar
was a more sensitive measure of operant variability than
the U value, because it showed learning and extinction
curves under reinforcement and absence of reinforcement
for variation, respectively, whereas the U value was high
for all subgroups in spite of the presence or absence of a
variation contingency.

The highly differentiated MetVar levels across the
no-reinforcement, variation-independent, and variation
phases suggest that distinct controlling variables were af-
fecting variability. Variability during the no-reinforcement
phase may be characterized as a tendency to use different
behavioral alternatives (as shown by the high U value).
Nevertheless, when the probability of producing a low-
frequency sequence in the current trial is considered (i.e.,
the MetVar), the observed variability was low. In addition,
the variability induced by this condition was not affected
by the previous history of reinforcement (see NoSF phase;
Figure 1), suggesting that operant factors may have had
little influence.
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This pattern of high induced but low operant variabil-
ity probably occurred because participants tried different
behaviors/strategies during the no-reinforcement phase, but
those “varied” behaviors may have been embedded in the
middle of repetitive chains. To clarify this point, let us re-
code each different sequence with a number from 1 to 27.
Suppose that in the no-reinforcement phase, the participant
produced the sequences 1, 1,2, 1,2,3,3,3,4,4,4,5,5,and
so on, in successive trials. In the variation phase, on the other
hand, the participant’s sequences were 1, 2,4, 3,5, 1, 2, 3,
4,5,2,3, 1, and so on. Thus, during the no-reinforcement
phase, there was sequence variation in the long run, but
also several repetitions across successive trials; during the
variation phase, however, the participant was more likely to
avoid repetitions for many trials in succession.

In the study of Maes (2003), autocorrelations were
computed to quantify the extent to which participants
were responding systematically (as in our variation ex-
ample above) or more randomly (more similar to the no-
reinforcement pattern above). Maes reported that under
the variation contingency, systematic responding was
more likely to occur, whereas during the inducing condi-
tions, responding was more random. We also computed
autocorrelations and found a similar pattern of results
(data not shown). Taken together, these results suggest that
induced and operant variability may differ not in the gen-
eral number of different behavioral alternatives displayed
by the organism, but in sow those different responses are
displayed—with repetitions or in a way that maximizes
reinforcement.

Variability levels during the first variation-independent
phase were in between the induced and operant levels ob-
served during the no-reinforcement and variation phases.
This result cannot be entirely explained by reinforce-
ment intermittency during this phase because intermit-
tency is predicted to induce lower variability levels than
withholding reinforcement (e.g., Eckerman & Vreeland,
1973; Tatham, Wanchisen, & Hineline, 1993). Another
complementary explanation comes from the phenom-
enon of superstitious behavior—that is, responses con-
ditioned or maintained by their adventitious contiguity
with reinforcers (Neuringer, 1970; Ono, 1987; Skinner,
1948). Variability levels in the variation-independent
phase may have been conditioned superstitiously: No-
reinforcement trials induced variation, and such varia-
tion was maintained due to the delivery of reinforcers in
the remaining trials. This interpretation seems plausible
when the MetVar in the very first and the last blocks
of the first phase of the NoS*-Var-NoSr and Ind-Var-Ind
subgroups (see Figure 1) are compared. These subgroups
began the experiment with similar MetVar values; how-
ever, the MetVar decreased during the no-reinforcement
phase and was sustained by variation-independent re-
inforcers. This interpretation is further supported by
the higher MetVar and MetRep values observed dur-
ing the variation-independent phase that followed the
variation and repetition contingencies, in comparison
with the MetVar and MetRep observed in the variation-
independent phase before those contingencies. In such

cases, variation-independent reinforcers sustained varia-
tion or repetition depending on which of those behaviors
was already established in the repertory of the individual,
thus indicating history effects.

Disruptive Effects

We observed that either the no-reinforcement or the
variation-independent phases (both situations lacking an
R-S contingency) reduced the occurrence of both operant
units (MetVar and MetRep), but this decrease was higher
for the repetition group. The higher susceptibility of re-
petitive behaviors to disrupting events replicates find-
ings from previous studies with nonhuman animals (e.g.,
Abreu-Rodrigues, Hanna, Cruz, Matos, & Delabrida,
2004; Neuringer, 1991; Neuringer et al., 2001; Odum,
Ward, Barnes, & Burke, 2006; Wagner & Neuringer,
2006; Ward, Bailey, & Odum, 2006). Nevertheless, one
might want to view our results with caution. One might
say that we used only disruptive operations that are known
to induce variability, and this might have favored a higher
disruption of repetition over variation. Therefore, it would
be interesting for future studies to address this issue by
means of other disruptive methods.

Variability and Stability in the Order
of Sequence Preference

The different transitions between contingencies imple-
mented in the present study produced a mix of sequence
variability and stability (Maes, 2003; Neuringer et al.,
2001). On the one hand, phase transitions engendered
variability, as reflected in the increase in the probabili-
ties of nonpreferred sequences. On the other hand, re-
sponse structures revealed stability, in that the ordering of
the 27 sequences established during the first phase was
sustained in the following phase. In general, this mix of
variability and stability reflects the effects of both current
and past contingencies in determining variability: Current
contingencies produced adjustments in behavior, as was
observed in the increased probability of rare sequences,
whereas past contingencies influenced which sequences
were most preferred and which were not. Furthermore, the
effects of historical variables were more prominent when
the current contingencies were permissive (e.g., during the
variation-independent reinforcement condition) than when
the actual contingency was restrictive (e.g., the repetition
contingency; data not shown). Taken together, the pres-
ent findings are in accordance with the proposal of Gharib
et al. (2004) that variability (and we can assume stability
too) is a function of the benefit/cost ratio of varying over
repeating: When the benefits for varying are high, as when
it increases the probability of new behaviors to be selected
by changing contingencies (i.e., learning), variability tends
to increase. However, when varying leads to reinforcement
loss, as for example, when the actual contingency requires
repetition, variability becomes less probable.

Final Considerations
The present experiments replicate findings obtained
in studies that aimed to evaluate the effects of no-
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reinforcement or variation-independent reinforcement
conditions on operant variability, and vice versa. The
major contribution of the present study is that all these in-
dependent and dependent variables were examined with
the same procedure and with humans as participants. Pre-
viously, the majority of studies investigated only one or
two of those variables with nonhuman subjects. A novel
contribution of the present article was the broader assess-
ment of historical effects on both variation and repetition
learning. Maes (2003) found that preexposure to no re-
inforcement impaired variability learning, and he sug-
gested that this might be a case of learned helplessness.
We further examined this possibility by comparing the
effects of preexposure to two types of no-contingent re-
lations on the acquisition of operant variation and repeti-
tion. This manipulation allowed the learned helplessness
hypothesis to be tested under another set of conditions
and provided evidence that the no-reinforcement impair-
ment may be influenced by other factors. Moreover, our
results showed that inducing variability in a prior con-
dition did not favor learning of a repetition sequence.
These findings replicate the results of a study by Maes
and van der Goot (2006) and suggest that more research
is needed to elucidate whether variability can favor repe-
tition learning with humans. Finally, the multiple assess-
ment of induced and operant variability determinants
across our experimental phases offer clear-cut evidence
that variability levels were different in some measures
(MetVar and systematic responding), but not in others
(U value), across operant and inducing conditions. This
might help in establishing a clearer distinction between
these two types of behavioral variation. Of course, the
present study also had shortcomings, such as the use of
between-subjects comparisons and the limited number
of disruptive operations. Despite these limitations, the
present findings help clarify some variables affecting the
acquisition of operant variation, the distinction between
induced and operant variability, and, more generally, be-
havioral change and maintenance in accordance with the
past and current contingencies of reinforcement.
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