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ORIGINAL ARTICLE

Omission Training Results in More Resurgence than
Alternative Reinforcement

Lucie M. Romano1 & Claire C. St. Peter1

# Association for Behavior Analysis International 2016

Abstract Resurgence refers to the reemergence of a previous-
ly reinforced response following the extinction of a more re-
cently reinforced response. In a published study, resurgence
occurred to a lesser extent following differential reinforcement
of alternative behavior (DRA) than differential reinforcement
of other behavior (DRO) with pigeons, but this effect has not
been replicated with humans. We conducted a within-subject
comparison of resurgence following DRA and DRO, using a
human-operant preparation. Six college students earned points
by clicking a mouse button across two-component multiple
schedules. During both baseline components, points were de-
livered for the first click to a black circle after 2 s. Responding
on the black circle decreased during the second phase, using a
DRA in one component and a DRO in the other component.
We tested for resurgence by terminating point deliveries
(extinction) during both components in the third phase. For
three of the participants, more resurgence occurred in the com-
ponent previously associated with DRO than the component
previously associated with DRA. The other three participants
showed more resurgence in the first component experienced
during extinction, regardless of whether that component was
associated with DRA or DRO. However, resurgence was ex-
acerbated when the first component during extinction was
DRO rather than DRA. Although sequence influenced resur-
gence, DRA may be preferable to DRO as an intervention
when resurgence is a concern.

Keywords Differential reinforcement . Extinction . Human
operant . Response recovery . Relapse . Resurgence

Resurgence refers to the reemergence of a previously rein-
forced behavior following the extinction of a more recently
reinforced behavior. Experimenters typically use a three-phase
procedure to understand and test for resurgence (Lattal & St.
Peter Pipkin, 2009). During the first (baseline) phase, a target
response is reinforced. During the second (alternative-
reinforcement) phase, the target response is placed on extinc-
tion and an alternative response is reinforced. During the third
(extinction) phase, both the target response and the alternative
response are placed on extinction. It is during the third phase
that the target response reemerges and resurgence is said to
have occurred. Early studies of resurgence used non-human
animal subjects (e.g., Carey, 1951; Epstein & Skinner, 1980;
Leitenberg, Rawson, & Bath, 1970). These studies typically
showed large, robust, and highly predictable patterns of resur-
gence when alternative reinforcement was discontinued (see
Lattal & St. Peter Pipkin, 2009 for a review). Although much
of the resurgence literature focused on the use of non-human
animals, resurgence has important implications for the treat-
ment of problem behavior in humans because the three-phase
test is analogous to common treatment procedures.

Differential reinforcement procedures, such as differential
reinforcement of alternative behavior (DRA) and differential
reinforcement of other behavior (DRO), are some of the most
common procedures used for the suppression of a variety of
socially significant behaviors (Lennox, Miltenberger,
Spengler, & Efranian, 1988). Differential reinforcement of
alternative behavior typically involves delivering a reinforcer
contingent on an alternative response and extinction for prob-
lem behavior (Vollmer& Iwata, 1992). Combining differential
reinforcement with extinction for problem behavior may
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reduce the likelihood of unwanted side-effects of extinction
during treatment (Lerman, Iwata, & Wallace, 1999; Petscher
& Bailey, 2008), in part by reducing establishing operations
that may occur once reinforcers are no longer available for
problem behavior (Cooper, Heron, & Heward, 1987;
Vollmer, Roane, Ringdahl, & Marcus, 1999). Procedures
based on DRA decrease problem behavior while simulta-
neously increasing an alternative replacement behavior.
Petscher, Rey, and Bailey (2009) reviewed 116 empirical stud-
ies evaluating DRA, and determined that DRA reduced many
forms of problem behavior across participants of various ages
and diagnoses. Continued correct implementation of DRA
rarely produced unwanted side-effects. Previous studies, how-
ever, have shown that DRA can build momentum for the
target response by reinforcing behaviors in the same context.
This momentum may increase the persistence of the target
response during exposures to extinction (Mace et al., 2010).

Differential reinforcement of other behavior involves de-
livering a reinforcer when the target response is not emitted for
a specified interval of time (Reynolds, 1961). Reynolds
(1961) found that key pecking of pigeons decreased to very
low rates when reinforcers were delivered contingent upon the
absence of key-pecking. Differential reinforcement of other
behavior has also been used reliably to reduce problem behav-
ior with humans (Nuernberger, Vargo, & Ringdahl, 2013;
Piazza et al., 1998; Ringdahl, Vollmer, Marcus, & Roane,
1997; Ringdahl et al., 2002; Toussaint & Tiger, 2012).
Matson and colleagues (2011) reviewed 176 functional as-
sessment studies and found that DRO was one of the most
commonly used interventions following the identification of
functional reinforcers. Unlike DRA, DROmay not produce an
increase in any particular alternative response, leading some
authors to speculate that DRO functions as a negative punish-
ment procedure (e.g., Lattal, 2013). When used as a behavior-
al intervention, DRO effectively suppresses problem behavior
with fewer side effects than do typical punishment procedures
(such as overcorrection or timeout; Homer & Peterson, 1980).

Although effective when implemented consistently, DRA
and DRO may lose their efficacy if unplanned periods of ex-
tinction occur during the intervention. When caregivers be-
come busy or distracted, or when a new caregiver (such as a
substitute teacher or babysitter) who is untrained in the inter-
vention cares for the child, periods of unplanned extinction
may occur. Across studies, histories with either DRA or
DRO have produced resurgence when reinforcement is
discontinued (e.g., Cançado & Lattal, 2013; da Silva,
Cançado, & Lattal, 2014; Doughty, da Silva, & Lattal, 2007;
Doughty & Oken, 2008; Epstein, 1985; Leitenberg, Rawson,
& Bath, 1970). Doughty et al. (2007) compared resurgence of
key-pecking following DRO or DRAwith three pigeons. Key-
pecking was maintained in the baseline phase using a multiple
variable interval (VI) 30-s schedule. During the alternative-
reinforcement phase, responding on the target key was

suppressed with either a DRO 20-s schedule or a VI 20-s
schedule on an alternative key (i.e., DRA). During the extinc-
tion phase, resurgence recurred on the target key for all three
pigeons. Resurgence occurred earlier and to a greater degree
for all subjects in the component previously associatedwith the
DRO schedule than with the component previously associated
with VI schedule on the alternative key (DRA).

As previously mentioned, resurgence can be a concern in
clinical settings when severe problem behavior is treated and
subsequently exposed to periods of extinction. Because of
this, it is important to understand the contexts in which resur-
gence may and may not occur. Translational research may
permit examinations of variables affecting resurgence without
exposing clients to periods of non-reinforcement (Mace &
Critchfield, 2010). Translational research can further our un-
derstanding of conditions that reduce or prevent resurgence
(Podlesnik & Kelley, 2015). Additionally, translational re-
search bridges the gap between basic and applied research
by replicating findings with humans while still relying on
the fundamental principles of behavior from the basic labora-
tories (Mace & Critchfield, 2010). Translational research on
resurgence has led to a better understanding of the reasons for
resurgence, as well as ways to combat or reduce resurgence
(Lit & Mace, 2015).

Doughty et al. (2007) observed more resurgence following
treatment with DRO than with DRAwith pigeons. These find-
ings may have important implications for intervention, if rep-
licable with human participants. Interventions based on DRA
may be preferable if those interventions produce less resur-
gence than do interventions based on DRO. Yet, the extent to
which resurgence occurs following DRA and DRO with
humans is unknown. The purpose of this study was to use
translational research to determine whether DRA or DRO
would produce more resurgence with human participants in
a highly controlled context.

Method

Participants and Setting

One female and fivemale undergraduate students participated.
Participants ranged in age from 18 to 22 years, with a mean
age of 19.7 years. All participants were Caucasian except
Participant B, whowas of Asian descent, and all were enrolled
in lower-level psychology courses at the time of their partici-
pation. We obtained informed consent from the participants
prior to their participation in the study. They received no mon-
etary compensation for their participation, but were awarded
extra credit in one of their psychology classes based only on
the duration of time that they spent in the study. Participants
completed all phases of the experiment during a single ap-
pointment that took place in a 4.1-m by 3-m room containing
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a computer with a 12-cm by 15-cm monitor, a desk, two ta-
bles, and at least one chair. Each participant completed the
experiment during a separate appointment (that is, participants
completed the experiment one at a time).

Procedure

The researcher informed the participant that the experiment
involved responding under different contingencies of rein-
forcement, but did not provide details about the specific con-
tingencies. The experimenter removed all personal items, in-
cluding electronic devices and watches, from the participant to
prevent overt timing of the phases or reinforcement schedules.
The experimenter instructed the participant to sit at the com-
puter and use only the mouse to earn as many points as pos-
sible (see Appendix for complete instructions). Points were
assumed to function as a generalized conditioned reinforcer
and were not exchangeable for any backup reinforcers.

Each appointment was 125 min and consisted of two 60-
min sessions separated by a 5-min break. Each 60-min session
included three 20-min phases. Each phase consisted of the
presentation of two different components. Components were
2 min in duration and strictly alternated. We counterbalanced
which initial component participants experienced across par-
ticipants and across replications of the three-phase sequence
within participant.

A custom-created Visual Basic computer program arranged
all experimental contingencies. The computer displayed a red
or blue background, either a single black circle or one white and
one black circle (depending on the component), and a cumula-
tive point score throughout the experiment. Each circle was
38.1 mm in diameter and moved across the screen at a speed
of 30 mm/s. Participants earned points based on the reinforce-
ment schedules in effect during each phase of the experiment.
We used a multiple schedule embedded in a reversal design to
evaluate resurgence during extinction phases that followed
DRA or DRO. The experiment consisted of baseline, alterna-
tive-reinforcement, and extinction phases, with each phase hav-
ing two associated components. When the background was red
(the component associated with DRA in the second phase), two
circles (one black and one white) moved across the screen.
When the backgroundwas blue (the component associated with
DRO in the second phase), a single black circle moved across
the screen. The program recorded each mouse click, the loca-
tion of the click (on a circle or the background), the time of the
click, and the time of any point deliveries.

During baseline, the contingencies across components
were identical. The computer delivered points according to a
fixed-interval (FI) 2-s schedule (a point was delivered follow-
ing the first response after 2 s) for clicking on the black circle;
clicking on the white circle or the background resulted in no
programmed consequences (extinction). During the
alternative-reinforcement phase, clicking on the black circle

was placed on extinction across both components. However,
the reinforcement contingency varied across the components.
During the DRA component (associated with the red back-
ground), clicking on the white circle was reinforced on an FI
2-s schedule. During the DRO component (associated with the
blue background), the computer delivered a point when the
participant refrained from clicking on the black circle for 2 s;
clicks on the circle reset the DRO interval. Background clicks
(clicks not on a circle) never resulted in point delivery. During
the extinction phase, the computer did not deliver points dur-
ing either component.

Data Analysis

We evaluated changes in responding, including resurgence,
using visual inspection of graphed data. We defined resur-
gence as a rate of clicking on the black circle during any
component presentation of the extinction phase that exceeded
the rate of clicking on the black circle during any of the final
three component presentations of the preceding alternative-
reinforcement phase. This was like the criterion used by
Marsteller and St. Peter (2012).

Results

Figures 1 and 2 show the participants’ clicks per minute on the
black circle during all three phases in both components (red or
blue background) across both exposures. Figure 1 shows data
for Participants A, B, and C, for whom more resurgence typ-
ically occurred in the component associated with DRO than
DRA, regardless of component sequence. For all three partic-
ipants, response rates were largely high and undifferentiated
across components during the baseline phase (labeled BBL^ in
the graphs), when clicking on the black circle resulted in point
delivery on an FI 2-s schedule across components. Although
the components differed procedurally in the alternative-
reinforcement phases (labeled BALT^ in the graphs), both
DRA (shown in the white symbols) and DRO (shown in the
black symbols) suppressed responding approximately equally
and to near-zero levels by the end of the phase. The change in
responding across the baseline and the alternative-
reinforcement phases suggests that the points functioned as
reinforcers for participant responding. During the extinction
phase (labeled BEXT^ in the graphs), target responding oc-
curred at rates elevated above those in the preceding
alternative-reinforcement phase (that is, responding resurged)
in at least one component presentation for all six replications
across participants. The increase in response rate, however,
was minimal for the second extinction replication for
Participant C. More target responding occurred overall during
the component previously associated with DRO than the com-
ponent previously associated with DRA for all three
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participants. However, these differences were not sufficient to
produce clear differentiation in response rates across each
component presentation in the extinction phases.

Figure 2 shows results for Participants D, E, and F.
Participants generally engaged in high and undifferentiated
response rates across components during baseline. When dif-
ferential reinforcement commenced, the DRA schedule pro-
duced more immediate response suppression than did the
DRO schedule for Participants D and F, but responding during

both components was essentially eliminated for all three par-
ticipants by the end of the phase. As with participants A, B,
and C, this response reduction suggested that points func-
tioned as reinforcers for these participants. Some resurgence
occurred during at least one of the components of each of the
six replications of the extinction phase. However, more resur-
gence occurred during the component experienced immedi-
ately after the alternative-reinforcement phase, regardless of
whether that component was associated with DRA or DRO.
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One exception was the first exposure for Participant F, who
engaged in undifferentiated responding across components
in the first extinction phase. Although resurgence seemed to
be related to component sequence, there appeared to be an
interaction between sequence and component type. That is,
resurgence was more pronounced when the first component
was previously associated with DRO than when the first

component was previously associated with DRA (first expo-
sure for D and F, second exposure for E).

To highlight potential resurgence, Figs. 3 and 4 show cu-
mulative records of responding on the black circle for each of
the components during both extinction phases. The records for
Participants A, B, and C (Fig. 3) show clear separation be-
tween responding on the component previously associated
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with DRO and the component previously associated with
DRA. During the extinction phase, these three participants
engaged in more black-circle responding during the compo-
nent previously associated with DRO than the component
associated with DRA across both exposures (see Table 1 for
total number of responses during each component).
Participant A engaged in 191 more responses during the com-
ponent previously associated with DRO than with DRA.

Participant B engaged in 54 more responses during the com-
ponent previously associated with DRO than with DRA.
Participant C engaged in 13 more responses during the com-
ponent previously associated with DRO than with DRA.

Figure 4 shows cumulative black-circle responding during
extinction for participants D, E, and F. Participant E began the
first extinction phase (labeled Exposure 1 on the graph) with
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the component previously associated with DRA and began the
second extinction phase (labeled Exposure 2 on the graph)
with the component previously associated with DRO.
Participants D and F began Exposure 1 with the component
previously associated with DRO; Exposure 2 began with the
component previously associated with DRA. Black-circle
responding occurred at a higher rate during the component
first experienced in both exposures for Participants D and E.
However, both participants engaged in more total black-circle
responses during the component previously associated with
DRO than with DRA (86 more for Participant D and 32 more
for Participant E). Participant F engaged in nearly undifferen-
tiated responding across exposures (eight more responses
during the component previously associated with DRA than
the component previously associated with DRO; see Table 1).

We wanted to ensure that increased resurgence during
DRO did not occur simply because of potential differences
in reinforcement rates. Therefore, we examined obtained rein-
forcement rates across components. Table 2 shows average
reinforcement rates for each participant in each component
during the baseline and alternative phases. Except for
Participants B and F, discrepancies in reinforcement rates be-
tween components did not exceed more than one reinforcer
per minute, and reinforcement rates were greater in DRA than
DRO. On average, Participant F earned 1.65 more reinforcers
per minute and Participant B earned 1.1 more reinforcers per
minute in the DRO condition than the DRA condition. The
relative rate of reinforcement across components was not
strongly correlated with the extent to which greater resurgence

was obtained in the DRO component, making it unlikely that
the effects were due to differences in reinforcement rate alone.

Discussion

We evaluated the extent to which responding previously sup-
pressed by DRA or DRO resurged during extinction using a
human-operant preparation. Five of the six participants en-
gaged in more total responding during the component previ-
ously associated with DRO than with DRA, although compo-
nent sequence also affected responding for three of the partic-
ipants. In our study, resurgence occurred in both components
for all six participants, but occurred to a greater extent for most
participants during the component previously associated with
DRO than with DRA, similar to the findings of Doughty et al.
(2007). Doughty et al. also demonstrated that response rates
during the resurgence test were not due to a difference in
reinforcement rates, just as we found in the present study.
Notably, Doughty et al. conducted subsequent experiments
to determine the potential reasons for the observed increased
resurgence during DRO such as stimulus control, periodicity
of food delivery, and topography of the alternative response.
Resurgence occurred earlier, and to a greater extent, when the
alternative response was topographically distinct (a treadle
press) from the target response (a key-peck) than when the
responses were topographically identical. In our study, the
alternative response was the same topography as the target
response (clicking on a circle). In our human-operant pro-
gram, the Bother^ behavior that occurred during DRO (e.g.,
spinning in the chair, tapping fingers on desk, etc.) was nec-
essarily topographically distinct from the target and alternative
responses (clicking on circles). Because of this, it is hard to
determine the role of topography in our outcomes. It is possi-
ble that we would have been further suppressed following
DRA if we explicitly reinforced a topographically distinct
alternative response such as a pedal press or plunger pull.
Future research could continue to examine the role of response
topography on behavioral suppression and subsequent
resurgence.

Our findings replicate prior outcomes regarding potential
effects of component sequence when resurgence is evaluated

Table 1 Total Number of Black-Circle Responses During Each
Exposure to Extinction in Each Component

Exposure 1 Exposure 2 Total

DRO DRA DRO DRA DRO DRA

A 282 166 222 147 504 313

B 173 144 40 15 213 159

C 56 42 11 12 67 54

D 254 144 34 58 288 202

E 13 19 51 13 64 32

F 84 74 7 25 91 99

Table 2 Mean (and Standard Deviation) Rate of Reinforcement During the Component Associated with DRO orDRA for Each Participant During the
Baseline and Alternative Conditions

Participant A Participant B Participant C Participant D Participant E Participant F

DRO DRA DRO DRA DRO DRA DRO DRA DRO DRA DRO DRA

BL 28.05
(1.57)

26.75
(2.29)

26.20
(5.45)

27.50
(2.76)

28.75
(0.68)

27.55
(2.90)

28.90
(1.05)

28.25
(1.18)

28.35
(1.18)

26.70
(2.49)

24.35
(8.95)

28.05
(0.83)

ALT 29.25
(0.26)

28.90
(0.52)

28.95
(0.98)

27.85
(1.11)

29.05
(0.37)

28.50
(0.78)

29.30
(0.35)

28.95
(0.60)

29.00
(0.53)

27.80
(0.82)

29.05
(0.50)

29.15
(0.41)
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with multiple schedules (e.g., da Silva, Maxwell, & Lattal,
2008). Assessing resurgence using multiple schedules can be
problematic because whichever component is presented first
during the extinction phase may yield greater resurgence than
the subsequent component (da Silva et al., 2008). Thus, se-
quence effects can bias results and require additional analyses.
Although the use of DRA affected the level of resurgence we
observed in the current study, sequence effects also con-
tributed to differential resurgence for three participants.
Future studies using multiple schedules to evaluate re-
surgence should interpret results considering the first
component experienced following implementation of ex-
tinction and should be sure to counterbalance exposures
across replications or subjects.

One potential limitation of our evaluation is the lack of a
control response. Sweeney and Shahan (2016) recommend the
use of an inactive response that never produces reinforcement
to ensure that response recurrence is resurgence rather than
extinction-induced variability. Sweeney and Shahan found
that resurgence of the target response did not consistently
exceed responding on an inactive control response. It is pos-
sible that our effects could have been interpreted differently if
we had included a control response. Although understanding
the mechanisms involved in resurgence is important, practi-
tioners may not necessarily be concerned about the cause of
response recurrence (resurgence or extinction-induced vari-
ability). It may be more important for practitioners to know
which treatments are more resistant to recurrence in the face of
treatment challenges. Our findings may be valuable to practi-
tioners because we demonstrated that DRA ismore resistant to
behavioral recurrence than DRO when treatment is
discontinued. Thus, when practitioners think that an interven-
tion may be implemented inconsistently, DRAmay be a better
treatment option than DRO.

Our data suggest that behavior reduction with DRA may
result in fewer overall responses during extinction than behav-
ior reduction with DRO. In previous studies, responding
during DRA has been resistant to other forms of treatment
disruption (Btreatment integrity failures^; St. Peter Pipkin,
Vollmer, & Sloman, 2010). St. Peter Pipkin et al. (2010) eval-
uated the effects of commission errors (reinforcing the target
response), omission errors (failing to reinforce the alternative
response), and both errors in combination on a DRA proce-
dure in both human operant and clinical settings. The experi-
menters found that frequent commission errors were detrimen-
tal to treatment outcomes, but that, overall, DRAwas a robust
treatment procedure. Previous research has also suggested that
responding during DRA may be less affected by treatment
disruptors than responding during DRO (St. Peter Pipkin,
2007). Treatments such as DRA that involve explicit rein-
forcement of a specified alternative response may be more
resistant to disruption than DRO because they may build mo-
mentum of a specific competing response (Nevin, Tota,

Torquato, & Shull, 1990). Collectively, these studies suggest
that DRA may be preferable to DRO when treatment disrup-
tions are a concern.

We used a human-operant arrangement, in which we eval-
uated resurgence of arbitrary responses maintained by condi-
tioned reinforcers with a nonclinical population. Our study
replicated, via translational research, important findings from
the basic laboratory (e.g., Doughty et al., 2007). Our use of
translational research helps to further our understanding of
resurgence before exposing clinical populations to potentially
harmful conditions. Although an initial step in extending the
findings of Doughty et al. (2007) to humans, the generality of
our findings to other responses, reinforcers, and populations is
unclear. Future research should evaluate the extent to which
DRO produces differentially greater resurgence than does
DRA with clinical populations, socially significant behavior,
and less arbitrary reinforcers. Because our findings suggest
that the differences in resurgence are likely to be small, a
similar amount of differentiation may not be meaningful, or
even detectable, in less controlled environments. It is possible,
however, that the extensive reinforcement histories associated
with socially significant behavior may impact the level of
observed resurgence. Future researchers should replicate the
current study with non-dangerous problem behaviors. If our
findings replicate with a socially significant behavior, it may
be interesting to extend them further to situations in which
resurgence is desirable. For example, if a clinician teaches a
solution to a problem as an initial (i.e., target) response and
then replaces it with a different solution as an alternative re-
sponse, resurgence of the initial response when the alternative
response is subject to extinction may be a desirable outcome
(Epstein, 2015).

In our study, we controlled for duration of exposure to each
of the contingencies by changing phases at fixed points in time
rather than based on stabilization of responding. We also used
very dense reinforcement schedules to provide participants
with sufficient contact with the contingency during short-
duration components. Duration of exposure, particularly dur-
ing the alternative-reinforcement phase, is known to affect the
extent to which resurgence occurs (Leitenberg, Rawson, &
Mulick, 1975, Lieving & Lattal, 2003; Reynolds, 1964;
Wacker et al., 2011). More extensive alternative-
reinforcement phases may have further attenuated resurgence
in our study. Additionally, resurgence may be affected by re-
inforcement rate. Although our obtained reinforcement rates
were highly similar across components, future studies could
manipulate the programmed or obtained reinforcement rates
to evaluate the extent to which this parameter influences re-
surgence. Future studies should also evaluate the extent to
which pre-session instructions influence responding.
Because our participants were typically developing adults, it
seems likely that they generated rules about responding. These
rules may have influenced the extent to which resurgence
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occurred (e.g., Baron & Galizio, 1983; Watts, Wilder,
Gregory, Leon, & Ditzian, 2013). Future studies could assess
the role of rules on resurgence of previously reinforced
responding, including attempting to reduce resurgence by pro-
viding rules prior to intervention.
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