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Abstract

Despite widespread belief in the extinction burst as a common occurrence, relatively little
empirical work has focused directly on the phenomenon. In order to provide additional data on the
topic, we report re-analyses of published extinction-control groups from our laboratory following
training with a variety of schedules and reinforcers. In addition, two prospective experiments were
conducted in which rats responded for food on FR 5 or FR 1 schedules prior to a within-session
transition to extinction. The results of these re-analyses and experiments suggest that the obtained
prevalence of the extinction burst was considerably greater when response rates in the first minute
of the transition to extinction were considered as compared to when session-wide response rates
were considered. In addition, when reinforcement time was included in baseline response-rate
calculations, the obtained prevalence of the extinction burst was higher than when reinforcement
time was omitted. These findings highlight the importance of measurement and definitional issues
in the obtained prevalence of the extinction burst. Further, a closer alignment of such issues across
basic and applied research would be desirable in terms of the development of future theories
describing the processes giving rise to the extinction burst.
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The procedure of operant extinction involves the discontinuation of reinforcement for a
previously acquired response (e.g., Lattal et al., 2013). Although extinction can effectively
reduce levels of behavior, its use in clinical settings has often been associated with
undesirable side effects (e.g., Ducharme & Van Houten, 1994; Lerman & lwata, 1996).
One such effect is a transient increase in response rate that is purported to occur following
the onset of extinction (i.e., the extinction burst). Although the extinction burst has been
invoked frequently in the literature, there is a surprising lack of available empirical data on
the phenomenon. Indeed, in their discussions of the extinction burst, numerous prominent
textbooks show only hypothetical data (e.g., Cooper et al., 2020; Miltenberger, 2008), or no
data whatsoever (e.g., Malott & Suarez, 2004; Martin & Pear, 2015, Miller, 2006). Despite
the fact that the extinction burst is commonly described as a negative side effect of clinical
extinction procedures (e.g., Cooper et al., 2020; Ducharme & Van Houten, 1994; Iwata et
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al., 1990; Lerman & Iwata, 1996; Lerman et al., 1996), only a handful of experiments have
sought to study the phenomenon specifically. As such, the conditions potentially giving rise
to the extinction burst remain poorly understood.

Existing data on the extinction burst have come most frequently from basic research that
mentions the effect only in passing or from applied studies examining methods to prevent
its occurrence. For example, several basic investigations with non-human subjects have
reported extinction bursts following reinforcement on small fixed-ratio (FR) schedules (i.e.,
FR 1 to FR 5) using food (e.g., Niyuhire et al., 2007; Salamone et al., 1995; Ward et

al., 2007), nicotine (Donny et al., 1995), or cocaine reinforcers (Schramm-Sapyta et al.,
2006; Ward et al., 2009). None of these studies, however, examined factors governing the
occurrence of the extinction burst. Conversely, some applied studies have shown that the
extinction burst might be reduced or avoided when other treatments are used in conjunction
with extinction. These treatments include antecedent manipulations (Fisher et al., 2018;
Pace et al., 1993; Zarcone et al., 1993), non-contingent reinforcement (NCR; Vollmer et
al., 1998), and differential reinforcement of alternative behavior (Lerman & lwata, 1995;
Lerman et al., 1999). In an examination of the prevalence of the extinction burst in clinical
cases in which they defined an extinction burst as “...an increase in responding during any
of the first three treatment sessions above that observed during all of the last five baseline
sessions”, Lerman and Iwata (1995, p. 93) and Lerman et al. (1999) found evidence of the
extinction burst in 35.7 — 62% of cases when extinction alone was used as a treatment. When
extinction was combined with other treatments, they found that only 12 — 15% of cases
showed an extinction burst.

The prevalence of the extinction burst has been mixed in the few basic studies where it has
been specifically examined. For example, Harris et al. (2007) and Pushparaj et al. (2012),
analyzed data from rats trained to self-administer nicotine according to small FR schedules
(FR 3 and 5, respectively) and found that 52% and 38% of subjects, respectively, showed

an extinction burst. In contrast, in a different condition Pushparaj et al. (2012) found that
100% of 31 additional rats trained on an FR 5 schedule showed extinction bursts when food
had been the reinforcer. However, neither these studies nor the basic studies described above
have used the definition of Lerman and colleagues. Instead, such basic examinations have
defined the extinction burst in a variety of ways including increases in mean session-wide
response rates (e.g., Niyuhire et al., 2007; Pushparaj et al., 2012; Ward et al., 2007; 2009),
within-session inter-response time distributions (e.g., Salamone et al., 1995), or proportional
and or numerical increases in response rate on a variety of different temporal scales (e.g.,
Donny et al., 1995; Harris et al., 2007; Katz & Lattal, 2020, Lattal et al., 2020; Pushparaj
etal., 2012; Schramm-Sapyta et al., 2006). Further, many basic studies have also restricted
their definitions of the extinction burst to only the first session of extinction (e.g., Donny et
al., 1995; Harris, et al., 2007; Niyuhire et al., 2007; Pushparaj et al., 2012; Salamone et al.,
1995; Schramm-Saptya et al., 2006; Ward et al., 2009).

A recent series of experiments by Lattal and colleagues (Lattal et al., 2020; Katz & Lattal,
2020) has shown that the prevalence of the extinction burst may change depending on how
it is defined and measured. In Experiment 1, Lattal et al. (2020) examined the prevalence
of the extinction burst in pigeons after training with high variable-ratio (VR) schedules
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(ranging from 60 — 120) and yoked interval schedules. In both Experiments 2 and 3

rats were trained according to variable-interval (V1) 30-s schedules prior to extinction.

In all three experiments, there was no evidence of an extinction burst according to the
definition used by Lerman and colleagues; however, when 1-minute bins of responding
during extinction were compared to equal temporal intervals during baseline, there appeared
to be relative increases in response rate for a small number of subjects. In Experiment

1, only 44 of 360 (12%) of data points pooled across the nine subjects were higher than
during the corresponding baseline condition, and Experiments 2 and 3 revealed a prevalence
of two of 20 (10%) each. Similarly, Katz and Lattal (2020) examined the likelihood of

the extinction burst in pigeons following a history of reinforcement on a progressively
increasing VR schedule (for which the terminal value was VR 20), a conventional VR 20
schedule, and an FR 1 schedule. Like Lattal et al. (2020), Katz and Lattal (2020) found no
evidence of extinction bursts according to the definition of Lerman and colleagues, but when
1-min bins of responding were considered, the prevalence of transient increases in response
rate during extinction increased to at most 39.5%. Likewise, a clinical study conducted by
Woods and Borrero (2019) reported a small difference in the frequency of bursts during
pediatric food refusal based on their analyses. When analyzing within-session response
rates, four of ten patients showed an extinction burst, whereas only three of ten did so when
session-wide response rates were considered.

An additional consideration raised by Katz and Lattal (2020, 2021) is that time associated
with reinforcement consumption or other reinforcement-related behavior might contribute
to the extinction burst. Such behavior would be expected to occupy time during baseline,
but its elimination during extinction could lead to an apparent increase in response rates.
Several earlier examinations of behavior following the implementation of extinction have
also noted the potential effects of the removal of reinforcement-related time on response
rates (e.g., Boren, 1961; Keller & Schoenfeld, 1950; Skinner, 1979, see also Katz & Lattal,
2021 for discussion). For example, Boren (1961) commented that response rates during
conditioning with rats “...include the time to pick up the food pellet and perhaps to eat it”
and further, that, “...the rate at the end of training may be due in part to the proportion

of time occupied by food-getting behavior rather than differences in rate while responding”
(p. 305). Although Boren’s (1961) experiment was not specifically concerned with the
extinction burst, he also suggests that “Since no pellets [are] delivered during extinction, the
initial rate during the first extinction session provides a rate measure which, although it may
be complicated by other factors, is free of food-getting behavior” (p. 305).

The impact of the inclusion of reinforcement-related time on response rate calculations in
applied research has been illustrated in some studies examining the effects of noncontingent-
reinforcement (i.e., NCR). Both Carr et al. (1998) and Roscoe et al. (2003) showed that
target response rates decreased as the magnitude of NCR increased. However, Roscoe et

al. showed this was only the case when reinforcement consumption time was included in

the time used to calculate overall response rates, as is customary in such applied studies.
When reinforcement consumption time was excluded from response rate calculations, as is
more typical in contemporary basic research (see Lattal, 1991 for discussion), response

rates during the larger-magnitude condition were as high or higher than during their
small-magnitude condition. When reinforcement consumption time is included in baseline
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response-rate calculations, larger or more frequent reinforcement might lead to reduced
rates of target behavior as a result of an increase in allocation of the available time to
reinforcement consumption and away from the target behavior (see also Fisher et al., 1999).
With respect to the extinction burst, when all time including reinforcement-consumption
time is included in baseline response-rate calculations, the elimination of reinforcement
during extinction could result in a shift to relatively more of the overall available session
time to target responding. Thus, it seems plausible that the inclusion of reinforcement time
in baseline response rate calculations could make it more likely that an extinction burst
would be observed. Nevertheless, despite apparent differences in how contemporary basic
and applied researchers tend to treat reinforcement time in response-rate calculations, the
potential impact of inclusion versus exclusion of such time on the extinction burst has never
been examined directly in either domain.

In summary, based on the existing state of knowledge, it remains difficult to discern when
one might reasonably expect an extinction burst to occur or not. Existing studies vary on
many dimensions including, but not limited to, how the extinction burst is defined, baseline
schedule of reinforcement, duration of baseline, session duration, reinforcer type, and the
inclusion versus exclusion of reinforcement time in response-rate calculations. In summary,
there appears to be a considerable need for additional empirical data related to the extinction
burst. Thus, in order to further assess the prevalence of the extinction burst and to explore
the above definitional and measurement issues further, we begin by re-examining previously
published datasets from extinction control groups in our laboratory. This re-examination
provided data from transitions to extinction for lever pressing of rats previously maintained
by various schedules of reinforcement and by a variety of reinforcers.

Reanalysis of Existing Extinction Control Groups

The data came from 45 male Long-Evans rats that served as subjects in extinction-control
groups in five different previously published experiments (Browning & Shahan, 2018;

Craig et al., 2016, 2017; Craig & Shahan, 2016; Nall et al., 2018). Rats ranged from

71 to 140 days old at the start of their respective experiments, and all but five were
experimentally naive. Although there were many differences between these experiments,
some of which are detailed in Table 1, all subjects included in the present analyses
experienced a baseline condition in which lever pressing was reinforced according to

some schedule of reinforcement and then extinguished. In Craig and Shahan (2016), food
restricted rats earned single food pellets according to either a VI 15-s (7= 5) or VI 60-s (n=
5) schedule of reinforcement during baseline. For these rats, during reinforcement deliveries
the chamber houselight and all other stimuli were turned off and the food aperture light was
illuminated for 3 s. In Craig et al. (2017), food-restricted rats also earned single food pellets
according to a VI 60-s schedule during baseline (n7=9), however, these rats experienced

a reinforcement delivery period in which the feeder light was illuminated for 10 seconds
while all other stimuli were turned off. In Browning and Shahan (2018), free-feeding rats
(n=11) earned dippers of 32% sucrose solution according to an FR 3 schedule in baseline.
During reinforcement deliveries, all stimuli were turned off and the dipper aperture light
was illuminated for 4 s. Lastly, in Craig et al. (2016) and Nall et al. (2018) food restricted
rats (n = 15) earned 0.3 mg/kg intravenous infusions of cocaine hydrochloride according

J Exp Anal Behav. Author manuscript; available in PMC 2021 September 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nist and Shahan

Page 5

to a VR 20 schedule in baseline. During cocaine infusions, all stimuli were turned off and
the chamber remained in a blackout for 45 s. In all experiments, stimulus conditions in the
chamber remained unchanged with the transition to extinction, but lever pressing had no
effect.

First, data from these studies were analyzed for the prevalence of the extinction burst at the
session-wide level based on the definition provided by Lerman and colleagues. Specifically,
response rates during the first three extinction sessions were compared to the maximum of
response rates during the final five baseline sessions. Further, due to the possibility that
reinforcement consumption time may impact the prevalence of the extinction burst, we also
analyzed response rates during baseline sessions when reinforcer delivery time was included
versus excluded in baseline response-rate calculations. When reinforcement delivery time
was included, any responses made to the target lever during the reinforcer delivery period
were also included in the rate calculation. Second, given the findings of previous authors
showing transitory rate increases during extinction on smaller, within-session timescales
(e.g., Donny et al., 1995; Harris et al., 2007; Lattal et al., 2020; Katz & Lattal, 2020;
Pushparaj et al., 2012; Salamone et al., 1995; Woods & Borrero, 2019), we also compared
responding in the first minute of each of the last five baseline sessions to responding in the
first minute of the first three extinction sessions. Following the analyses of Katz and Lattal
(2020), in both the session-wide and 15-minute analyses, we also considered both the means
and maximums of response rates in the final five baseline sessions, both with and without
reinforcement delivery time included in the rate calculations.

Figure 1 shows the results of these re-analyses and gives the prevalence (% of rats) of
extinction bursts when both session-wide and 15t-minute response rates were considered.
The left and right columns show session-wide and 15--minute prevalence, respectively. The
prevalence when response rates were calculated without reinforcement time during baseline
are depicted by the white bars and the prevalence with all reinforcement time and responses
included are depicted by the shaded bars. In nearly all cases, whether based on session-wide
or 1t-minute responding, and regardless of whether reinforcement consumption time was
included in rate calculations or not, the prevalence of the extinction burst was greater

when extinction responding was compared to baseline means rather than the maximum
baseline rate. Extinction burst prevalence was also greater in most cases when only the
1t-minute rate of responding was considered rather than session-wide responding. Finally,
when reinforcement time was included in response rate calculations the prevalence was
greater than when this time was excluded from rate calculations for all cases except the VI
15 group from Craig and Shahan (2016). Further, of the two groups of rats trained on a

V1 60-s schedule in baseline (Craig et al., 2017; Craig & Shahan, 2016), the group with

the longer reinforcement time (i.e., 10 s versus 3 s) showed a greater prevalence when
reinforcement time was included.

In summary, the most stringent analysis (i.e., the maximum session-wide rate with
reinforcement consumption time excluded from the last five baseline sessions) revealed

a total prevalence of three of 45 (6.67%) rats across all five datasets. Conversely, the

most lenient analysis (i.e., the mean 15t-minute rate with reinforcement consumption time
included) revealed a total prevalence of 31 of 45 (68.9%). These analyses further highlight

J Exp Anal Behav. Author manuscript; available in PMC 2021 September 30.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nist and Shahan

Page 6

how measurement and definitional decisions can considerably change the overall obtained
prevalence of the extinction burst. Although there was relatively little evidence for the
extinction burst at the session-wide level, prevalence was generally greater following all
training conditions if response rates during only the first minute of exposure to extinction
was considered. Further, the inclusion of reinforcement time in response rate calculations in
baseline always increased the obtained prevalence of the extinction burst. In our reanalysis,
we found the highest prevalence of the extinction burst following training on an FR 3
schedule (from Browning & Shahan, 2018), regardless of the measurement approach, but
especially when reinforcement time was included in baseline calculations. It is noteworthy
that the rats in Browning and Shahan were the only rats in the reanalysis that were not
food restricted and that were responding for a sucrose solution. Nevertheless, the relatively
higher prevalence of the extinction burst for rats responding on a lower FR schedule is
consistent with Pushparaj et al. (2012) who reported that 100% of their 31 rats trained
with an FR 5 for food showed an extinction burst based within-session responding (i.e., the
first five minutes only) compared to mean rates in a similar period across the final three
baseline sessions. Notably, Pushparaj et al. included a very long (i.e., 1 min) reinforcement
consumption-time blackout in their baseline response-rate calculations which may have
impacted their assessment of extinction burst prevalence. Given these considerations with
both Browning and Shahan (2018) and Pushparaj et al. (2012), Experiment 1 was designed
to further examine the prevalence of the extinction burst based on the variety of definitional
and measurement approaches described in the reanalysis above with food-restricted rats
following training on a FR 5 schedule for food.

EXPERIMENT 1

Method

The purpose of this experiment was to examine the prevalence of the extinction burst
following baseline training according to an FR 5 schedule. In our re-analyses, we found
that the group trained with an FR 3 schedule showed the highest prevalence of any of the
groups in the first minute of extinction when reinforcement delivery time was included
in the baseline rate calculations. Thus, we examined the extinction burst both including
and excluding reinforcement time in baseline response rate calculations. Also, as in the
re-analyses above, both the mean and maximum baseline response rates were used as the
comparator in analyses of prevalence of the extinction burst at both the whole-session
and first-minute level of analysis. Further, in order to avoid the impact of any potential
systematic differences in response rates at the beginning of sessions (e.g., see McSweeney
& Roll, 1993) on the appearance of the extinction burst (see Katz & Lattal, 2021, for
discussion), a within-session transition to extinction was used.

Subjects—Ten experimentally naive male Long-Evans rats (Charles River, Portage, MI)
were used. Two rats were excluded due to pellet dispenser failures during the baseline phase.
Rats were 71-90 days old upon arrival and were maintained at 80% of their free-feeding
weights. Rats were individually housed with free access to water in a temperature-controlled
colony room with a 12:12 hour light/dark cycle (lights on at 7:00 AM). Care of animals and
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all procedures were approved by Utah State University’s Institutional Animal Care and Use
Committee.

Apparatus—Ten identical modular Med Associates (St. Albans, VVT) operant chambers
were used in the experiment. These chambers measured 30 cm X 24 cm X 21 cm and

were housed in sound and light attenuating cubicles. Each chamber had aluminum panels
on the front and back walls, with Plexiglas walls on each side and the ceiling. On the

front panel of each chamber were two retractable levers with stimulus lights above them.
Levers were positioned equidistantly on either side of a centered food pellet receptacle that
was illuminated with deliveries of 45-mg food pellets (Bio Serv, Flemington, NJ). A house
light on the opposite end of the chamber was used for general illumination. The timing of
experimental events and data collection were controlled by Med-PC 1V (Med Associates)
software run on a computer in an adjacent control room.

Procedure—All experimental sessions took place once daily at approximately the same
time each day during the light cycle, seven days per week. With the exception of magazine
training and extinction sessions, all sessions ended after a specified number of reinforcers
were earned to control for the number of reinforcers earned across subjects.

Training.: Prior to the start of operant sessions, rats were trained to consume food pellets
from the food aperture for three, 30-min magazine training sessions. During these sessions,
the levers were retracted, and the house light and stimulus lights remained off. Food pellets
were delivered response-independently according to a variable-time (VT) 60-s schedule
with 10 intervals generated by the constant-probability progression of Fleshler and Hoffman
(1962). Each food delivery consisted of a single pellet accompanied by an audible click and
illumination of the feeder for 3 s. Following the final session of magazine training, operant
training sessions began. Sessions during this phase began with illumination of the house
light and insertion of a response lever (left-right counterbalanced across subjects), with the
stimulus light above it also illuminated. Food pellets were delivered at first according to an
FR 1 schedule such that each response made to the lever in the presence of the lever stimulus
light was reinforced. During pellet delivery, both the house light and the lever stimulus light
were darkened and the food aperture was illuminated for 3 s (i.e., reinforcement time). Any
responses made to the lever during this time were recorded but had no consequences. On the
first day of training rats were allowed to earn 50 food pellets before the session terminated.
This requirement, as well as the ratio requirement, was increased each day such that by the
fifth and final day of training all rats were allowed to earn 125 food pellets according to an
FR 5 schedule of reinforcement before the session terminated.

Baseline.: Following the final training session, baseline sessions began. As in training, the
lever was inserted and the house light and the light above the lever were illuminated.
Responses to the lever produced food pellets according to an FR 5 schedule of
reinforcement. Each baseline session continued until a rat had earned 150 food pellets.
This phase lasted for 15 sessions.

Extinction.: As in baseline, all sessions during this phase began with illumination of the
house light and lever stimulus light as well as insertion of the lever. The first extinction
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session was unique in that during the initial part of the session rats were allowed to earn
food pellets according to the FR-5 schedule just as during baseline sessions. Extinction
started after the delivery of the 25th reinforcer and continued for 10 minutes following

the last reinforcer delivery (the approximate duration of baseline sessions). All subsequent
extinction sessions were 10 minutes and lever presses had no consequences throughout the
entire session. Including the first extinction session with the within-session transition, this
phase lasted for 12 sessions.

Figure 2 shows session-wide response rates for individual subjects in the final five baseline
sessions and the first three sessions of extinction. Because the first extinction session began
in the same manner as baseline sessions until 25 reinforcers were earned, all responses

and time before the first 25 reinforcers were excluded from response-rate calculations in
both baseline and the first extinction session. The black data paths represent response

rates calculated excluding the 3-s reinforcement delivery period, and the white data paths
represent response rates when calculated both with reinforcement time included, as well as
any responses made to the lever during this period. The solid black and dotted horizontal
lines show mean baseline response rates without or with reinforcement time included,
respectively. Zero of the eight rats showed a session-wide increase in lever pressing upon
the transition to extinction relative to their response rates during baseline, regardless of the
inclusion versus exclusion of reinforcement delivery time or whether or mean or maximum
response rates were used as the relevant comparison.

Figure 3 shows response rates for the 15t-minute of each of the final five baseline sessions
and in the first three extinction sessions. All details of the figure are as in Figure 2, with
the exception that individual data points are representative of the 15t minute of responding
subsequent to the first 25 reinforcer deliveries (including for baseline sessions). Based on
this analysis, during the first extinction session two of eight rats (EB18, EB20) showed an
increase in response rate relative to their respective mean rate during the last five baseline
sessions when reinforcement time was excluded from the calculation of baseline response
rates. This number increased to five of eight rats (EB11, EB13, EB17, EB18, EB20) when
reinforcement time was included in baseline response rate calculations. When maximum
baseline rates were used as the relevant comparison, only one of eight rats (EB18) showed
a small increase in response rates when reinforcement time was excluded, and this number
increased to three of eight (EB11, EB17, EB18) when reinforcement time was included.

The purpose of this experiment was to generate additional data assessing the prevalence of
the extinction burst after training with a low-value FR schedule and to further examine the
impact of measurement considerations on its prevalence. On a session-wide level, zero of
eight rats showed an increase in response rate following the implementation of extinction
within-session, regardless of whether reinforcement consumption time was included in
response rate calculations or not and whether or not baseline mean or maximum response
rates were used as the relevant comparison. As in previous studies, we saw more evidence
of an extinction burst when responding during only the first minute following the transition
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to extinction was considered (Katz & Lattal, 2020; Lattal et al., 2020; Woods & Borrero,
2019). Our analyses also compared the difference between within-session analyses when
calculated with or without reinforcer consumption time included and showed that inclusion
of this time in baseline response rate calculations can increase the apparent prevalence of an
extinction burst in the first minute of exposure to extinction.

However, despite the fact that both studies employed an FR-5 schedule of food
reinforcement during baseline, there remains a discrepancy in prevalence between the
present experiment and the experiment conducted by Pushparaj et al. (2012). An extinction
burst was defined by Pushparaj et al. as “...responding during the first 5-min interval of
the first extinction session being greater than the first 5-min intervals of the last three self-
administration sessions” (p. 425). Our most similar level of analysis (i.e., mean 15t-minute
rate from the final five baseline sessions when reinforcement time was included) revealed
a prevalence of 62.5%, whereas Pushparaj et al. reported a prevalence of 100%. Notably,
Pushparaj et al. included a 1-min blackout period following each reinforcer delivery (as
compared to 3 s here) and included this time in their baseline response-rate calculations.
However, Pushparaj et al. did not examine response rates without inclusion of reinforcement
time, so its potential contribution to their obtained prevalence remains unknown.

The present findings are consistent with those of Lattal and colleagues and provide
additional support for the notion that the extinction burst may occur relatively infrequently
(especially at a session-wide level) with intermittent reinforcement schedules. However, the
possibility exists that the extinction burst may be more common after training on FR 1
schedules, as such schedules are most commonly associated with cursory mentions of the
extinction burst in both basic research (e.g., Katz & Lattal, 2020, Schramm-Sapyta et al.,
2006, Ward et al., 2007, 2009) and clinical settings (e.g., Crossman et al., 2009; Goh &
Iwata, 1994; Iwata et al., 1990; Pace et al., 1993; Zarcone et al., 1993). Thus, Experiment
2 examined the prevalence of the extinction burst following training on an FR-1 schedule
using procedures and analyses like those employed in Experiment 1.

EXPERIMENT 2

The weight of the currently available evidence suggests that the extinction burst may

be most prevalent following training on an FR-1 schedule (e.g., Katz & Lattal, 2020,
Salamone et al., 1995; Schramm-Sapyta et al., 2006; Ward et al., 2007, 2009). Further,
FR 1 schedules were the most commonly used schedule included in the extinction burst
re-analyses conducted by Lerman and colleagues (see Lattal et al., 2020; Katz & Lattal,
2020). Nevertheless, only one study to date has specifically examined the effects of
extinction following FR 1 reinforcement with the goal of assessing the prevalence of the
extinction burst. Katz and Lattal (2020) found little to no evidence of the extinction burst
with pigeons following FR-1 reinforcement on a session-wide level. In contrast, when
1-minute bins of responding were compared across baseline and extinction conditions
they found the prevalence of the extinction burst to be as high as 24.2%. However,

Katz and Lattal’s experiment only included a sample of five pigeons (one of which

had previous exposure to the experimental conditions). Further, neither they nor any
other study has specifically examined the impact of inclusion of reinforcement time in
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baseline response rate calculations on the extinction burst following FR-1 reinforcement.
Because consummatory behavior occurs following each response on an FR-1 schedule, such
reinforcement consumption time may have a relatively greater suppressive effect on baseline
response rates than when more intermittent reinforcement schedules are arranged in baseline
(see also Katz & Lattal, 2021 for discussion). Therefore, Experiment 2 was designed to be

a partial replication of the FR-1 reinforcement condition in Katz and Lattal (2020) with a
larger sample size using naive rats as subjects. The variety of definitional and measurement
approaches used in our reanalysis and in Experiment 1 were also employed here.

Subjects and Apparatus—Ten experimentally naive male Long-Evans rats (Charles
River, Portage MI) were used in the experiment. Rats were 71-90 days old upon arrival and
were maintained under the same conditions as described in Experiment 1. Ten modular Med
Associates (St. Albans, VT) operant chambers identical to those described in Experiment 1
were used.

Procedure—All rats first underwent three sessions of magazine training, and then were
transitioned into operant training sessions. As in Experiment 1, rats were given five days

of training where the amount of food required to terminate the session increased from 50
pellets the first day to 125 pellets on the final day of training. The only procedural difference
from the previous experiment was that instead of increasing the ratio requirement each day
during training, responding was reinforced according to an FR 1 schedule throughout all of
the baseline phase. All other procedures including the within-session transition to extinction
were identical to those used in Experiment 1.

Figure 4 shows response rates for individual subjects in the final five baseline sessions and
the first three sessions of extinction. Response rates for all sessions (with the exception

of extinction sessions two and three) also exclude the first 25 reinforcers and time to earn
them as described for Experiment 1. As for the figures in Experiment 1, the black data
paths represent response rates when calculated without the 3-s blackout period during food
deliveries, and the white data paths represent response rates when calculated both with the
3-s reinforcement time and any responses during that time. The solid black and dotted lines
represent the mean baseline rates of these two data paths, respectively. As in Experiment

1, zero of the ten rats showed a session-wide increase in responding upon the transition to
extinction relative to their response rates during baseline, regardless of whether mean or
maximum baseline response rates were used as the comparator and regardless of whether or
not reinforcement time was included in calculations.

Figure 5 shows response rates for the first minute following the transition to extinction

(i.e., starting immediately after the 25t reinforcer delivery). For the final five baseline
sessions, comparable data are presented for the first minute following the 25t reinforcer
delivery. All details in the figure are the same as in Figure 4, except that only response rates
from the first minute are shown. Based on this analysis, five of ten rats (EB1, EB2, EB4,
EB5, and EB8) exceeded their mean baseline 15-minute response rate when reinforcement
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time was excluded from rate calculations. But, response rates for EB2 and EB5 were only
marginally higher than the baseline mean and only in the first session of extinction. When
reinforcement consumption time was included in rate calculations, response rates for nine of
ten rats exceeded the mean baseline rate in one or more session of extinction (only rat EB6
was the exception). When maximum baseline response rates were used as the comparator
and calculation of response rates excluded reinforcement time, three of ten rats (EB1,

EB4, and EB8) showed an increase in responding in the first minute. When reinforcement
consumption time was included in baseline rate calculations, five of ten rats (EB1, EB2,
EB4, EB8, and EB9) showed an increase in response rates above the maximum baseline rate.

The purpose of this experiment was to examine the prevalence of the extinction burst
following baseline training on an FR-1 schedule. Similar to Experiment 1, there was no
session-wide increase in responding above maximum nor mean baseline response rates upon
the transition to extinction for any of the ten rats, regardless of whether reinforcement

time was included in response rate calculations or not. When only the first minute of
responding following the transition to extinction was considered, our analyses showed an
increase in response rates relative to the mean baseline rate for five of ten or nine of ten

rats, depending on whether or not reinforcement time was excluded or included in rate
calculations, respectively. Further, when reinforcement time was excluded from baseline
response rate calculations, response rates for three of ten rats in the first minute of extinction
exceeded that their maximum baseline first-minute rates. With reinforcement time included,
five of ten rats exceeded their maximum 15t-minute baseline rate.

This experiment further emphasizes the importance of taking into consideration how the
definition of an extinction burst (i.e., an increase relative to mean or maximum baseline
response rate and the timeframe over which response rates are examined) may contribute

to its reported prevalence. In addition, this experiment further directly highlights how the
inclusion or exclusion of reinforcer consumption time in baseline response rates may affect
conclusions about whether or not an extinction burst occurs. These data correspond with the
accounts of previous authors with respect to the distinctive qualities of FR-1 reinforcement
schedules (e.g., Boren, 1961; Katz & Lattal, 2020, 2021; Keller & Schoenfeld, 1950;
Skinner, 1979). Because reinforcer consumption time occurs following every response on an
FR 1 schedule, the removal of such time has the potential to affect response rates relatively
more than for intermittent-schedule arrangements.

General Discussion

The present experiments and reanalysis of previously published datasets were intended
to further examine the prevalence of the extinction burst. Our re-analyses of previously
published data from extinction control groups in our laboratory (Browning & Shahan,
2018; Craig et al., 2016, 2017; Craig & Shahan, 2016; Nall et al., 2018) highlighted

two important considerations with respect to the obtained prevalence of the extinction
burst. First, the definition of the extinction burst (i.e., session-wide versus first-minute
increases in response rate) may impact its prevalence. As illustrated in Figure 1, in nearly
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all cases the prevalence of the extinction burst was greater when 15t-minute response rates
during baseline and extinction conditions were compared relative to session-wide response
rates. Second, when reinforcement time was included in response rate calculations, the
prevalence of the extinction burst was greater than the prevalence when reinforcement time
was omitted. Consistent with these findings, both variables had a similar impact on the
prevalence of the extinction burst in Experiments 1 and 2.

Figure 6 shows a summary of the prevalence of the extinction burst obtained in Experiments
1 and 2 and how it depended on definitional and measurement decisions. The two upper

and lower panels show Experiment 1 (FR 5) and Experiment 2 (FR 1), respectively, and

the left and right panels show extinction burst prevalence according to session-wide and
15t-minute response rates, respectively. Lastly, the white and shaded bars depict extinction
burst prevalence without or with reinforcement consumption time included in response rate
calculations, respectively. Neither experiment showed evidence of the extinction burst at the
session-wide level of analysis, regardless of definitional and measurement considerations.
Conversely, when responding during only the first minute following the transition to
extinction was considered, the overall prevalence increased for both experiments. Further,
the prevalence of the extinction burst was greater when mean response rates from the final
five baseline sessions were used as the comparator rather than the maximum rate from

these sessions. Finally, when reinforcement time was included in rate calculations, the
prevalence of the extinction burst was always greater than when it was excluded from such
calculations. Overall, these findings correspond with previous research suggesting that the
extinction burst is likely to be most apparent based on samples of time smaller than an
entire session (e.g., Donny et al., 1995; Harris et al., 2007; Katz & Lattal., 2020; Lattal

et al., 2020; Pushparaj et al., 2012; Salamone et al., 1995; Schramm-Sapyta et al., 2006;
Woods & Borrero, 2019). Thus, when it occurs, the extinction burst appears to be a relatively
short-lived phenomenon.

Also consistent with previous research is the finding that the extinction burst is more
prevalent when response rates during extinction are compared to mean rather than maximum
baseline response rates. For example, Katz and Lattal (2020) found the prevalence of
extinction bursts to be 38% when extinction responding was compared to the average of
the final five baseline sessions, but only 22% when compared to the maximum response
rate from these same sessions. This raises the question of whether an increase in response
rate during extinction above the average baseline rate is meaningful given the variability

in response rate across baseline sessions (see Katz & Lattal, 2021 for discussion). In our
opinion, an increase in response rates that does not exceed the variability in a representative
sample of baseline responding is less likely to represent a meaningful change in behavior
as compared to an increase the exceeds the maximum response rate obtained from the

same sample. Nevertheless, even if maximum baseline response rates are to be used as

the comparator, questions remain about how many baseline sessions should be used in the
comparison and by how much the maximum rate must be exceeded.

Although in clinical examinations an extinction burst has been defined only on a session-
wide level (e.g., Lerman & lwata, 1995; Lerman et al., 1999), it seems difficult to argue
that only more prolonged periods of an increase in response rate should be deemed relevant.
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Take for example, an instance in which there is patient referred to treatment for severe
self-injurious behavior (SIB). At the beginning of the first extinction session, this patient
experiences a bout of SIB lasting for only one minute before decreasing to low levels,

but the entire treatment session lasts for ten minutes. Given this scenario, it is likely that
the rapid rate of SIB at the onset of the session would be washed out in time, and thus
would not satisfy the criteria to consider it an extinction burst according to a session-wide
definition. However, is such an episode of SIB clinically relevant only if it meets some
predetermined and arbitrary criterion, or are all instances of SIB relevant irrespective of their
duration? Further, when it comes to questions of the prevalence of the extinction burst, it
seems differences in definitional criteria have only served to make things more confusing
and disjointed in the experimental literature. Recently, Katz and Lattal (2021) argued: “...the
pursuit of a single, uniform, and precise definition of the extinction burst is misguided” (p.
10), and we agree. This is because, as the authors rightly note, the extinction burst can only
be defined in the context of other variables such as baseline reinforcement conditions, how
and when extinction conditions are implemented, and measurement considerations like the
temporal window over which response rates are calculated and compared across conditions.
The term extinction burst, is descriptive rather than technical, which leaves the definition of
such a term open to debate (Vollmer, 2001). Although such definitions may allow one to
point to an example of an extinction burst when it occurs, they offer little help in furthering
our understanding of the phenomenon. As Staddon (1993) noted: “...if we do not know the
law, we have no business being rigid about verbal definitions! Insisting on a term before
we have an accepted theory is putting the cart before the horse” (p. 441). Thus, we suggest
that a more systematic and thorough program of investigation will be needed before it is
possible to provide a meaningful definition of the extinction burst. Such a program should
be directed at revealing the conditions that do and do not give rise to temporary increases

in responding with the onset of extinction and should strive for a process-oriented and
theoretically grounded definition of the phenomenon.

Another issue highlighted by our analyses is how the inclusion versus exclusion of
reinforcement time in baseline response rate calculations affects the prevalence of the
extinction burst. As noted above, at least in contemporary basic research, this time is
typically excluded from response rate calculations (e.g., see Doughty & Richards, 2002;
Lattal, 1991; Mazur, 1983). In contrast, applied research typically includes all time,
including reinforcement consumption time in response rate calculations (e.g., see Carr et al.,
1998; Fisher et al., 1999; Roscoe et al., 2003). As illustrated by our analyses, the decision to
include or exclude this time in baseline response rate calculations can change the likelihood
that one concludes that an extinction burst has occurred or not. Although we have focused
on reinforcement consumption time above, it should be noted response rates in baseline
conditions might be reduced by any number of activities or effects related to reinforcer
deliveries or their aftereffects. For example, Katz and Lattal (2020, Experiment 2) found
that including post-reinforcement pauses associated with a VR 20 schedule in response rate
calculations served to decrease baseline response rates and increase the obtained prevalence
of the extinction burst. This outcome led the authors to conclude such “...increases in
response rate during extinction that classically have been referred to as extinction bursts

in fact may be artifacts of the absence of reinforcer deliveries during extinction” (p. 33).
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Although one could certainly view response rate increases from a baseline rate that is
“suppressed” as a result of consumption or otherwise engagement with a reinforcer or

its aftereffects as artifactual, we are becoming convinced otherwise given real-world and
clinical considerations?. For example, it is likely that reinforcement of a child’s potentially
dangerous problem behavior by caregivers results from the fact that access to the reinforcer
serves to at least temporarily suppress the problem behavior while the child is engaged
with the reinforcer (e.g., access to an iPad). Although problem behavior may be suppressed
by consumption/engagement with the reinforcer when it is present, the future likelihood

of the problem behavior is also likely increased as a result of the contingency between
problem behavior and access to the reinforcer. When extinction is later implemented for
the problem behavior, the contingency between the problem behavior and access to the
reinforcer is broken and, in the longer run there will likely be a reduction of problem
behavior. However, in the shorter run, the suppressive effect of consuming/engaging with
the reinforcer is removed and problem behavior is likely to temporarily increase when
considered with respect to actual clock time. From a clinical perspective, even temporary
increases in potentially dangerous behavior are no artifact, and both clinical interventions
and theoretical treatments of the extinction burst should take them into account. Inclusion
of all available time and responses in a pre-extinction baseline in the basic laboratory might
permit a closer alignment of basic research and theories with such real-world and clinical
considerations.

A final question raised by the present data is what gives rise to the variability in the
occurrence of the extinction burst across individual subjects? For example, in Experiment

2 where reinforcement was arranged on an FR-1 schedule, even at the first-minute level

of analysis with reinforcement time included, the extinction burst occurred for only 50%

of rats when the maximum baseline rate was used as the comparator. Although no direct
empirical work has been conducted on the topic, there have been suggestions in the literature
that different types of reinforcers might differentially generate an extinction burst. Lattal et
al. (2020) suggested that different types of drug reinforcers (i.e., cocaine versus nicotine)
might differentially produce an extinction burst, but they noted that this was speculative.
Lerman et al. (1999) found the prevalence of extinction bursts to be greater for cases in
which SIB was maintained by social negative reinforcement compared to cases in which
SIB was maintained by social positive reinforcement. In the present reanalysis, we found
that the extinction burst in the first minute of extinction was most prevalent for rats that
were not food restricted and responding for a sucrose solution. However, these were also the
only rats in the reanalysis for which responding was previously maintained on a small FR
requirement. Similarly, although the studies examined in our reanalysis above employed a
variety of different reinforcers, it is difficult to make direct comparisons across them because
they also differed in terms of baseline schedules. Regardless, given the potential relevance
of reinforcement consumption/engagement time on the extinction burst, variables such as
motivational conditions, reinforcer quality, duration, magnitude, and individual differences
related to more extended reinforcement engagement time or aftereffects seem worthy of
further investigation.

IThanks to Wayne Fisher for insightful discussions on this issue
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Figure 1.

Mean BL Max BL

Mean BL Max BL

The prevalence (% of subjects) of the extinction burst from reanalysis of extinction control
groups in previously published datasets. Left and right columns display the prevalence

of bursts when response rates during extinction were calculated for the full session and

in the 15t minute of each session only, respectively. White bars show prevalence when
reinforcement consumption time was omitted from baseline rate calculations. Shaded bars
show prevalence when reinforcement consumption time and responses during food were
included in rate calculations.
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Session-wide resp/min as a function of baseline sessions of FR-5 reinforcement and the first
three extinction sessions in Experiment 1. The black data paths show response rates when
the 3-s blackout periods during reinforcer deliveries were omitted. The white data show
response rates when food delivery time as well as any responses made to the lever during
the 3-s blackout period were included in the rate calculation. The solid black and dotted
horizontal lines show the mean response rate without or with reinforcement time included,
respectively. All data points exclude the first 25 reinforcers from each session, with the
exception of extinction days 2 and 3, where no reinforcers were present throughout the

entirety of the session.
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Figure 3.

15t-minute responses as a function of baseline sessions of FR-5 reinforcement and the first
three extinction sessions in Experiment 1. The black data paths show response rates when
the 3-s blackout periods during reinforcer deliveries were omitted. The white data show
response rates when food delivery time as well as any responses made to the lever during
the 3-s blackout period were included in the rate calculation. The solid black and dotted
horizontal lines show the mean response rate without or with reinforcement time included,
respectively. All data points exclude the first 25 reinforcers from each session, with the
exception of extinction days 2 and 3, where no reinforcers were present throughout the

entirety of the session.
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Session-wide resp/min as a function of sessions of FR-1 reinforcement and the first three
extinction sessions in Experiment 2. All other details are as in Figure 2.
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Figureb.
15t-minute responses as a function of sessions of FR-1 reinforcement and the first three

extinction sessions in Experiment 2. All other details are as in Figure 3.

J Exp Anal Behav. Author manuscript; available in PMC 2021 September 30.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nist and Shahan

Prevalence (%)

1.0 Session-Wide

0.8+

0.6+ 7

0.4+ 7

0.2+ B

0.0

Exp 1 (FR5) _

Page 23
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The prevalence (% of subjects) of the extinction burst from Experiment 1 (FR 5) and
Experiment 2 (FR 1). Left and right columns display the prevalence of bursts when

response rates during extinction were calculated for the full session and in the 15t

minute of each session only, respectively. White bars show prevalence when reinforcement
consumption time was omitted from baseline rate calculations. Shaded bars show prevalence
when reinforcement consumption time and responses during food were included in rate
calculations.
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Table 1

Summary of relevant experimental parameters for each study included in reanalysis of datasets.

Study

n

Food restriction

Reinforcer ~ Schedule

Reinforcement time (s)

Session time (min)

Craig & Shahan, 2016

Craig & Shahan, 2016

Craig et al., 2017

Craig et al., 2016

Nall et al., 2018

Browning & Shahan, 2018

5

10

11

80%

80%

80%

80%

80%

free feed

food

food

food

cocaine

cocaine

sucrose

VI15s

V160s

V160s

VR 20

VR 20

FR3

3

10

45

45

30

30

30

45

45

25
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