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Abstract
Resurgence of previously suppressed behavior can occur when differential reinforcement is discontinued. Recent research has
investigated strategies to mitigate resurgence, including punishing the target response during alternative reinforcement. A
punishment strategy consisting of reinforcer loss contingent on the target response (response cost) does not appear to attenuate
resurgence, but these effects had not been replicated with other negative-punishment procedures, such as timeouts. This study
investigated effects of timeouts on subsequent resurgence when adults responded to earn points during a computer task. Timeouts
did not affect subsequent resurgence. These findings, in combination with previous research, suggest that negative punishment
may not reduce the likelihood of subsequent resurgence.
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Resurgence is the reemergence of a previously reinforced re-
sponse after that response has been extinguished and rein-
forcement conditions for an alternative response have wors-
ened (Lattal et al., 2017). Evaluations of resurgence typically
consist of three phases. In the first (target-reinforcement)
phase, a target response is reinforced. In the second (alterna-
tive-reinforcement) phase, the target response is no longer
reinforced, and an alternative response is reinforced. During
this phase, target-response rates often decrease and
alternative-response rates often increase. In the third (resur-
gence-test) phase, reinforcement conditions for the alternative
response worsen. Most often, neither target nor alternative
responses are reinforced (i.e., extinction) during this phase.
If rates of target responding during the resurgence-test phase
increase above those in the alternative-reinforcement phase,
resurgence is said to have occurred (Kestner, Romano, St.
Peter, & Mesches, 2018).

The likelihood andmagnitude of resurgence are affected by
the contingencies during the alternative-reinforcement phase
(St. Peter, 2015), including punishment of the target response.
For example, resurgence was less likely when target

responding of nonhumans (rats or fish) was punished with
electric shock than when it resulted in no programmed conse-
quences during the alternative-reinforcement phase (Kestner,
Redner, Watkins, & Poling, 2015; Kuroda, Gilroy, Cançado,
& Podlesnik, 2020). Yet, effects of different forms of punish-
ment on resurgence are not well-established. In three studies
with human participants, negative-punishment procedures (in
the form of point loss) did not reduce resurgence. In a study by
Okouchi (2015), humans worked at a computer to earn points
exchangeable for money. One group of participants experi-
enced negative punishment (in the form of point loss) during
the alternative-reinforcement phase, but the other group did
not. Across groups, there was no difference in the likelihood
of resurgence. This finding has been replicated using both
within-subject (Kestner, Romano, et al., 2018) and group-
design (Bolívar & Dallery, 2020) methods. In these replica-
tions, responding of college students was compared across
alternative-reinforcement conditions in which target
responding produced either no programmed consequences or
contingent point loss. There was no impact of the negative-
punishment contingency on subsequent resurgence of target
responding even when the magnitude of point loss was in-
creased (Bolívar & Dallery, 2020).

Previous studies (Bolívar & Dallery, 2020; Kestner,
Romano, et al., 2018; Okouchi, 2015) examined only one of
many possible forms of negative punishment (point loss).
Another common negative-punishment procedure is timeout
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from positive reinforcement (Zabel, 1986), which is a
response-dependent period of time during which reinforcers
cannot be earned. Like response cost, a timeout is a negative-
punishment procedure that effectively suppresses problem be-
havior in a variety of contexts (Brantner & Doherty, 1983;
Donaldson & Vollmer, 2011; Vegas, Jenson, & Kircher,
2007). Although both are forms of negative punishment, a
timeout may differ from response cost regarding subsequent
resurgence because a timeout period may be more salient to
participants than is point loss, though, to our knowledge the
relative salience of time out and point loss has not been ex-
perimentally evaluated. However, the impacts of timeouts
during alternative-reinforcement on subsequent resurgence
have not been evaluated to date. Therefore, the purpose of
the present study was to explore possible effects of timeouts
on resurgence of nonclinical human behavior.

Method

Participants

Six university students recruited from psychology courses
participated. Each received extra credit based on the duration
of time they spent in the study, independently of responding
during the experiment. Data sets from two of the six partici-
pants were excluded from analysis due to programming errors.
All participants were female, Caucasian, and reported no
color-vision impairments. P3, P4, and P6 were 19 years old;
P5 was 21 years old.

Setting

The experiment was conducted in a 4.1-m by 3.0-m room in a
university laboratory containing office furniture, a Dell®
desktop computer with a 12-cm × 15-cm screen, attached
mouse, and keyboard. The keyboard was stowed during the
experiment; responses were made using only the mouse.
While seated at the computer, the participant faced away from
a one-way mirror.

A custom Visual Basic program displayed the experimen-
tal task. When an on-screen start button was clicked, three,
6.0-cm by 1.3-cm black rectangles appeared. The rectangles
were situated equidistant from the top and bottom of the
screen, and the center of each rectangle was 10.0 cm from
the center of the next rectangle. A response was defined as
clicking whereas the cursor was over one of the rectangles.
Clicks on the leftmost and rightmost rectangles were designat-
ed as target and alternative responses, respectively. Clicks on
the center rectangle were designated as control responses.
Each time a rectangle was clicked, it turned gray for 100 ms,
then returned to black. All three rectangles remained present
following a response on any rectangle, unless the response

was reinforced according to the VI 2-s schedule (in which case
all rectangles disappeared during the consummatory response,
as described below).

A point counter was visible throughout the session.When a
point was earned, all three rectangles disappeared, a white box
appeared in the center of the screen with the text “+1”, and a
“Collect Point” button appeared below the box. When the
“Collect Point” button was clicked, the number displayed in
the point counter was increased by one and all rectangles
reappeared. Points were not exchangeable for money or other
backup reinforcers.

Experimental Design

Experimental control was demonstrated within-subject using
a multi-element design embedded in a reversal design. Each
participant completed the study in a single appointment,
which was divided into two 60-min sessions with a 5-min
break between sessions. Each session consisted of three 20-
min phases: a target-reinforcement (baseline) phase, an
alternative-reinforcement phase, and a resurgence-test phase.
Two components, signaled by red or blue backgrounds, alter-
nated every 2 min within each phase. Component order was
counterbalanced across participants and within-participant
across replications.

Procedure

Preexperimental Procedure The participant placed all belong-
ings (including watches or other timing devices) on a table out
of reach of the computer workstation. Once the participant
was seated in front of the computer, the experimenter said,
“Your job is to earn as many points as possible. It is up to
you to figure out how to earn points. The instructions on the
screen [a button labeled ‘Start’] are the only ones you will
receive. When you are done, please knock on the door behind
you.”

The experimenter monitored the participant through the
one-way mirror. If the participant engaged in any behavior
incompatible with attending to the computer screen (e.g., put-
ting their head down), the experimenter entered the testing
room and said, “Please attend to the experiment.” This re-
minder was only necessary once (for P6, during the middle
of the first Resurgence-Test phase).

Baseline Clicks on the left rectangle (target responses) were
reinforced according to a variable-interval (VI) 2-s schedule,
which was generated using the Fleshler and Hoffman (1962)
progression (n = 10). Clicks on the other two rectangles or
anywhere else on the screen resulted in no programmed con-
sequences. Both components were identical during baseline
(other than alternation of the background color).
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Alternative Reinforcement Regardless of component, clicks
on the right rectangle (alternative responding) were reinforced
on a VI 2-s schedule that was created identically to the one
used in baseline. However, contingencies for target
responding differed across components. The component sig-
naled by a blue background was associated with extinction for
target behavior; clicks on the middle (control) or left (target)
rectangles continued to result in the rectangle flashing gray,
but no other consequences. The component signaled by a red
background was associated with a timeout for target behavior;
clicks on the middle (control) rectangle caused the rectangle to
flash gray (but no other consequences) and each target re-
sponse was immediately followed by a timeout. During the
timeout, the background turned gray and text reading
“Timeout” appeared between the score counter and the re-
sponse rectangles. The rectangles remained visible during
timeouts, and continued to flash gray when clicked but no
points were delivered. Target responses reset a 2-s timeout
timer; responses on other rectangles did not reset timeout or
result in points. The timeout ended after a 2-s period with no
target responses. After the timeout, the background changed
back to red, the “Timeout” text disappeared, and the VI sched-
ule for alternative responding resumed. Timeouts did not af-
fect the component duration. If the component ended during a
timeout, the timeout was discontinued early.

Resurgence-Test (Extinction) Phase Clicking on any of the
rectangles briefly turned the rectangle gray. There were no
points or timeouts delivered throughout the phase, although
the background colors continued to alternate.

DebriefingAfter the second session, the participant completed
a demographic survey and was debriefed about the purpose of
the experiment.

Data Analysis

Time-in duration was calculated for each component by
subtracting the duration spent in the consummatory response
(defined as the presentation of the “Collect Point” button to a
click on that button) and the duration of a timeout (when
applicable) from the 2-min component duration. Response
rates were calculated by dividing the count of clicks on each
rectangle during time-in by the time-in duration. Resurgence
was defined as an increase in rates of target responding during
any component of the extinction phase relative to the last two
alternative-reinforcement component presentations for that
condition (similar to Kestner, Romano, et al., 2018).

Results

Figure 1 displays rates of target responding for each partic-
ipant during each 2-min component (see Supplemental
Materials for similar figures of the alternative and control
responses). During baseline (labeled BL on the graphs),
rates of target responding were nearly identical across com-
ponents for all participants, suggesting that the change in
background color alone did not systematically affect
responding. During alternative reinforcement (labeled
ALT on the graphs), both conditions reduced target-

10 20 30 40 50 60
0

50

100

150 P3

BL
VI

ALT
EXT or 

EXT+TO

EXT
EXT

BL
VI

ALT
EXT or 

EXT+TO

EXT
EXT

10 20 30 40 50 60
0

50

100

150

200

250
P5

10 20 30 40 50 60
0

50

100

150
P4

BL
VI

ALT
EXT or 

EXT+TO

EXT
EXT

BL
VI

ALT
EXT or 

EXT+TO

EXT
EXT

10 20 30 40 50 60
0

50

100

150
P6

Ta
rg

et
-R

es
po

ns
e

C
lic

ks
Pe

rM
in

Ti
m

e-
In

2-Min Component

DRA

DRA + TO

Fig. 1 Target-response rate per 2-
min component across conditions
over two sessions. Filled circles
represent responding during
components with extinction and
differential reinforcement, and
open circles represent responding
during components with timeout
and differential reinforcement for
the target and alternative
responses, respectively. Note that
the scale of the y-axis differs
across participants

327Psychol Rec (2022) 72:325–330



response rates relative to baseline. However, target
responding reduced more rapidly (P3, P5, and P6) or more
substantially (P4) during the component that included a
timeout, relative to the component that did not, in at least
one replication of the alternative-reinforcement phase for
each participant. Thus, a timeout appeared to function as a
punisher for P4, and may have exerted punishment effects
for other participants (although constrained by floor ef-
fects). Although changes in target responding for P4 sug-
gested punishment, rates of alternative and control
responding did not change systematically across conditions,
suggesting weak experimental control for this participant.

During the resurgence-test phase (associated with ex-
tinction for all responses and labeled EXT on the graphs),
resurgence occurred in both conditions and replications
for all participants, although the magnitude of resurgence
decreased in the replication for P3 and P5. This reduction
in magnitude of resurgence is consistent with prior

research on the use of reversal designs in human-operant
resurgence experiments (e.g., Kestner, Diaz-Salvat, St.
Peter, & Peterson, 2018). Despite the consistency of the
overall resurgence effect during extinction, there was no
clear differentiation in response rates between the
conditions.

Figure 2 depicts relativemean response rates for each of the
three rectangles during extinction. Data for each participant
appears on a separate graph space, with each set of bars show-
ing responding during one of the extinction phases.
Participants engaged in never-reinforced responses (clicking
the center rectangle) at rates comparable to target responding
during extinction. In general, responding did not differ in
overall rate or in allocation across the three rectangles during
extinction across phases. Overall, the data presented in Figs. 1
and 2 demonstrate that including timeouts during alternative
reinforcement did not suppress subsequent resurgence of tar-
get responding during extinction.
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Discussion

The current study evaluated the impacts of timeouts during
alternative reinforcement on subsequent resurgence.
Although there was evidence that a timeout functioned as a
punisher during the alternative-reinforcement phase, it had no
clear effects on subsequent resurgence. These results replicate
previous studies that found few impacts of response cost, an-
other form of negative punishment, on subsequent resurgence
of human behavior (Bolívar & Dallery, 2020; Kestner,
Romano, et al., 2018; Okouchi, 2015). These replications oc-
curred despite differences in types of negative punishment and
details of experimental arrangement. In combination, these
experiments suggest that, although inclusion of negative-
punishment procedures may improve initial response suppres-
sion, they do not meaningfully reduce resurgence.

The minimal impact of negative punishment on subsequent
resurgence contrasts with effects obtained with positive pun-
ishment, which has reliably decreased subsequent resurgence
(Kestner et al., 2015; Kuroda et al., 2020; Nall & Shahan,
2019). Although positive and negative punishment are
thought to operate through similar fundamental processes,
the discrepancies in findings regarding resurgence suggest that
there may be differences in mechanisms that could be further
explored. A next step would be to compare effects of positive
and negative punishment procedures on resurgence directly
within the same study using a robust experimental design.

Subsequent research should also consider how resurgence
is defined. In the current study, resurgence was defined as an
increase in target-response rates during extinction relative to
response rates at the end of the alternative-reinforcement
phase. By this definition, resurgence occurred for all partici-
pants during both conditions. Although this is a common def-
inition of resurgence (Kestner, Romano, et al., 2018; Lattal
et al., 2017), it does not differentiate target responding due to
resurgence from that due to extinction-induced variability.
Resurgence and variability could be distinguished by compar-
ing rates of target responding to rates of a control response that
is never reinforced, but interpretations from such comparisons
may be limited (Lattal & Oliver, 2020). In the current study,
defining resurgence in comparison to a control response
would have decreased the overall occurrence of resurgence,
but would not have resulted in emergence of differential re-
surgence across conditions.

The current findings may be limited in their generality. Like
other studies evaluating punishment on subsequent resurgence
(Bolívar & Dallery, 2020; Kestner, Romano, et al., 2018;
Okouchi, 2015), we targeted arbitrary responses that were re-
inforced according to rich and predictable schedules for the sole
purpose of the experiment. This translational approach permits
control over potentially important variables, like phase duration
and recent reinforcement history, but outcomes may not gener-
alize to responses and environments that aremore complex.We

know of no published evaluations of resurgence of clinically
significant challenging behavior following interventions with
and without punishment procedures. Such studies would be
necessary before clear recommendations can be established
about the inclusion of punishment in procedures designed to
change socially significant behavior. In addition, further re-
search with clinical populations could examine the impact of
including or excluding timeout duration from overall results.
However, until such clinical studies are available, the existing
data provide little justification for including punishment as a
strategy to promote long-term treatment effects in the face of
extinction-like challenges.
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