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Long-term maintenance of immediate or delayed
extinction is determined by the extinction-test interval
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Short acquisition-extinction intervals (immediate extinction) can lead to either more or less spontaneous recovery than long

acquisition-extinction intervals (delayed extinction). Using rat subjects, we observed less spontaneous recovery following

immediate than delayed extinction (Experiment 1). However, this was the case only if a relatively long extinction-test interval

was used; a relatively short extinction-test interval yielded the opposite result (Experiment 2). Previous data appear consist-

ent with this observation suggesting that, although delayed extinction appears more beneficial in the short term, immediate

extinction may have more favorable long-term effects. These observations may have important implications for attenuation

of relapse in clinical situations.

Extinction refers to attenuated conditioned responding following
presentations of a conditioned stimulus (CS) in the absence
of its unconditioned stimulus (US; i.e., CS–US then CS–).
Although extinction has sometimes been described as a form of
unlearning (e.g., Rescorla and Wagner 1972), it likely reflects
learning of a new association during the CS-alone trials (e.g.,
CS–no US) (Bouton 1993). Extinguished behavior is known to
spontaneously recover some time after extinction (Pavlov 1927;
Rescorla 2004a), although under certain conditions it may become
resistant to spontaneous recovery (SR). For example, Lin et al.
(2003a,b) reported that synaptic depotentiation (which opposes
long-term potentiation [LTP] at most levels) induced less than
1 h after LTP attenuated subsequent expression of conditioned
fear. Myers et al. (2006) reasoned that extinction conducted
shortly after acquisition should benefit from such depotentiation
process and exhibit attenuated relapse. Indeed, they observed
that immediate extinction was more resistant to SR than delayed
extinction. Nonetheless, other researchers have failed to observe
such a benefit of immediate extinction (Rescorla 2004b; Maren
and Chang 2006; Norrholm et al. 2008; Schiller et al. 2008;
Woods and Bouton 2008; Chang and Maren 2009).

The present studies investigated the relationship between the
acquisition-extinction interval and SR from extinction. The sub-
jects were 144 experimentally naı̈ve male Sprague-Dawley rats
(Experiment 1: 64, Experiment 2: 80), approximately 60 d old at
initiation of the studies. Subjects were pair-housed in standard
plastic cages on a 12:12-h light:dark cycle. Water availability was
restricted to 30 min/d (food was available ad libitum).

The apparatus was eight identical chambers (30.5 × 24.1 ×
21.0 cm). Each chamber was housed in a melamine sound-
attenuation cubicle illuminated with a 100-mA houselight deliv-
ered at 28 VDC, and equipped with an exhaust fan that provided
a constant, 70 dB(A), background noise. The sidewalls of the
chamber were made of aluminum sheet metal, and the remaining
walls and ceiling were made of clear polycarbonate. The floor
consisted of 4.8 mm stainless-steel rods, spaced 1.6 cm center-
to-center, which could be electrified with a scrambled footshock.
All chambers had two speakers that delivered a 60-sec white noise
pulsating two times/sec or 60-sec 4000-Hz tone, both at 80 dB(A).
These stimuli served as X and A (counterbalanced). Depressing a

response lever (protracted on a side wall) was associated with
delivery of 0.05-mL droplets of water reinforcement into a cup
located inside a 5.1 × 5.1 × 5.1 cm niche, 1.5 cm above the
grid floor.

Experiment 1 was conducted in two replications, in one of
which half of the boxes had a polycarbonate plate placed on a
418 angle inside the chamber, reducing its bottom to 17.1 cm in
length without occluding the lever, houselight, or speakers. All
polycarbonate walls were covered with a checkerboard pattern.
Chamber type was irrelevant to the present studies. Neither cham-
ber type nor replication had any statistical effects; thus, all data
were pooled across these factors.

Lever-pressing was trained in four 1-h autoshaping sessions,
during which reinforcement was delivered on concurrent FT-
5-min/FR-1 (Day 1), FR-1 (Days 2 and 3), and VI-20-s (Day 4 and
remainder of the study) schedules. On Day 5 (Delayed condition)
or Day 6 (Immediate condition), all subjects received three pair-
ings of CS X and the 0.85-mA footshock US, which occurred at
2, 12, and 22 min after placement in the test chambers. Two
minutes after the third conditioning trial, all animals were
removed from the testing chambers and returned to their home
cages. Subjects were then returned to the testing chambers for
the extinction phase. The total time elapsed between the last
conditioning trial and the first extinction trial was 12 min
(Immediate condition) or 24 h (Delayed condition). Extinction
subjects received 20 presentations of CS X, whereas Control sub-
jects received 20 presentations of CS A (mean intertrial interval:
3 min). Seventy-two hours after completion of extinction, sub-
jects were returned to the testing chambers and received six pre-
sentations of CS X, spaced 10 min apart. Further extinction was
expected to result from the test exposures after SR (relapse).
Consequently, testing was repeated 48 h later to assess whether
the timing (immediate vs. delayed) of initial extinction affected
the effectiveness of subsequent extinction after relapse (re-
extinction would be the natural option in a clinical relapse situa-
tion). Note that the training described above equated with the
extinction-test interval, but varying the acquisition-extinction
interval necessarily varied the acquisition-testing interval. How-
ever, behavioral changes resulting from extinction are more sensi-
tive to the passage of time than those resulting from acquisition
(e.g., Bouton 1993; Woods and Bouton 2008), and previous
research suggests that the acquisition-test interval does not inter-
act with the acquisition-extinction interval (also see Maren and
Chang 2006).
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Shock treatment usually disrupts baseline behavior, which
precludes the calculation of suppression ratios (see below for elab-
oration). To improve the baseline during the testing phase, we
provided a 1-d restabilization-of-baseline treatment on the day
preceding testing. Furthermore, to determine whether baseline
disruptions were due to incidental lever-pressing–shock pairings,
the levers were not available during acquisition and extinction for
half of the subjects in Experiment 1 (they were available during
shaping, restabilization, and testing). The number and timing of
exposures to the CS and US were equated in the lever and no-lever
conditions. Lever availability had no statistical impact on the SR
test; thus, all test data were collapsed across this factor.

Data were converted to suppression ratios, using the formula
A/[A + (B / 3)], where A represents responding during the 30-sec
CS period and B represents responding during a 90-sec baseline
period. All data were analyzed using standard repeated-measures
analyses of variance (ANOVA) with a significance level of P ,

0.05. Test data were analyzed in three-trial blocks. The data
from five subjects (Groups Extinction-Immediate and Control-
Delayed: one subject each; Group Control-Immediate: three
subjects) were excluded from the repeated-measures analyses
because, for all trials in a block, both the A and B measures were
zero and suppression ratios could not be calculated.

A Condition (extinction vs. control) × Acquisition-Extinc-
tion Interval (immediate vs. delayed) × Test Day × Block ANOVA
revealed the main effects of Condition, Test Day, and Block,
Fs(1,55) ¼ 9.01, 24.34, and 67.75, respectively, and a Condition ×
Acquisition-Extinction Interval interaction, F(1,55) ¼ 6.71. CS X
elicited less suppression in the Immediate-Extinction than the
Immediate-Control group in all blocks across both testing days,
with this difference growing larger as the extinction test pro-
gressed, Fs(1,55) ¼ 6.70 (test) and 11.28 (retest). In contrast, CS X
elicited similar levels of suppression in the Delayed-Extinction
and Delayed-Control groups in all blocks across both testing
days, with re-extinction after SR resulting in little separation
among the two groups, Fs , 0.06 (see Fig. 1).

Our data are consistent with the report by Myers et al. (2006)
that immediate extinction undergoes less SR than delayed extinc-
tion. However, our results are inconsistent with other reports that
immediate extinction results in equivalent (Norrholm et al. 2008;
Schiller et al. 2008) or greater (Rescorla 2004b; Maren and Chang
2006; Woods and Bouton 2008; Chang and Maren 2009) SR than
delayed extinction. In order to elucidate the variables that deter-
mine these inconsistent reports, we ana-
lyzed previous studies that specifically
assessed SR after manipulating the
acquisition-extinction interval. Table 1
summarizes our analysis. Studies that
obtained more SR after immediate than
delayed extinction are presented in
white cells, and studies that obtained
similar or less SR after immediate than
delayed extinction are presented in
shaded cells. The only variable that
appeared to divide these two groups was
the extinction-test interval: Studies in
the white cells assessed behavior 24–
48 h after extinction, whereas studies in
the shaded cells assessed behavior 72 or
more hours after extinction.

The two studies obtaining similar
levels of SR after immediate and delayed
extinction may have been less sensitive
to group differences for various reasons.
Schiller et al. (2008) (Experiment 3)
observed similar levels of SR 21 d after

immediate or delayed extinction. However, this study con-
founded the acquisition-extinction interval with where subjects
spent this interval (extinction context for the immediate condi-
tion; home cages for the delayed condition). Norrholm et al.
(2008) observed more SR after delayed than immediate extinc-
tion, but SR became equivalent in the two conditions after con-
trolling for contextual fear. However, this study equated the
acquisition-test interval in the two delay conditions (4 d), thus
confounding the acquisition-extinction (10 min vs. 24 h) and
extinction-test intervals (96 h vs. 24 h; see Table 1).

One study may be problematic for the account described
above. Rescorla (2004b, Experiment 4) trained three different
stimuli, with acquisition-extinction intervals of 29, 15, or 1
d. After a 7-d retention interval, he observed less SR to the distally
trained stimulus than the proximally trained stimuli. However,
the immediate interval in Rescorla’s studies was as long as the other
studies’ delayed intervals. Furthermore, in Rescorla’s study extinc-
tion occurred over multiple days (as opposed to 1 d in the other
studies), and the ensuing longer intertrial intervals may have
led to better retention of extinction to the more distal stimulus
(Tsao and Craske 2000; Urcelay et al. 2009).

The apparatus, design, and procedure of Experiment 2 were
the same as those of Experiment 1, with three exceptions. First,
the level of footshock was decreased (from 0.85 to 0.70 mA) to bet-
ter maintain baseline responding during acquisition and testing
and observe more moderate levels of SR than those observed in
Experiment 1. Second, levers were available for all subjects during
acquisition and extinction. Third, the extinction-test interval was
manipulated, and SR was assessed either 48 h (Short interval) or 7
d (Long interval) after completion of extinction. A second test was
given 24 h later as described in Experiment 1 (see Fig. 2A).

Experiment 2 was conducted in two identical replications.
Replication had no statistical effect; thus, all data were collapsed
across this factor. Figure 2B presents the data collected during
the extinction phase in four-trial blocks. A Condition × Acquisi-
tion-Extinction Interval × Block ANOVA revealed main effects
of Condition, F(1,50) ¼ 19.72, and Block, F(2,200) ¼ 32.78, but no
effect or interaction with acquisition-extinction interval, Fs , 1.
A similar analysis conducted on the last block of extinction
revealed no effects or interaction, Fs , 1.20. Thus, we failed to
observe faster extinction in the immediate than delayed condi-
tion as previously reported by others (Maren and Chang 2006;
Schiller et al. 2008; Woods and Bouton 2008). Unfortunately,
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Figure 1. Spontaneous recovery test, Experiment 1 (three-trial blocks). (A) Immediate condition
(extinction 10 min after acquisition); (B) delayed condition (extinction 24 h after acquisition).
Extinction subjects received X presentations during the extinction phase, whereas Control subjects
received equivalent A presentations; “Immediate” refers to extinction 10 min after acquisition,
whereas “Delayed” refers to extinction 24 h after acquisition. Trial blocks 1 and 2 present the data col-
lected during the first test, which occurred 72 h after extinction; trial blocks 3 and 4 present the data
collected during the re-test, which occurred 48 h later. Brackets represent SEMs.
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Table 1. Comparison of previous studies investigating the acquisition-extinction interval

Study Species Measure CS US

Trial #a ITIb Interval

Acq. Ext. Acq. Ext. Acq.-Ext.c Ext.-Test

Rescorla (2004b)d Rat Head entries; Chain pull Auditory Visual Food 32; 128 12 2.5 min 2.5 min 24 h vs. 9 d 48 h
Pigeon Keypecks Visual Food 120 16 2.5 min 2.5 min 9 d vs. 29 d 7 d

Myers et al. (2006) Rat Fear potentiated startle Visual Shock 15 90 2 min 5 min 10 min vs. 1 h vs.
72 h

21 d

Maren and Chang (2006) Rat Conditioned freezing Auditory Shock 5; 1 45; 225 62 sec 60 or 12 sec 15 min vs. 24 h 48 h from acquisition or
48 h from extinction

Norrholm et al. (2008) Humans Startle response
(eyeblink)

Auditory Visual Air puff to
larynx

8 16 15.5 sec 15.5 sec 10 min vs. 72 h 96 h for immediate
condition, 24 h for
delayed condition

Schiller et al. (2008)e Rat Conditioned freezing Auditory Shock 12 16 5 min 2 min 12 min vs. 72 h 21 d

Woods and Bouton (2008) Rat Conditioned emotional
response

Visual Shock 4 16; 32 20 min 2.7 or 6.5 min 10 min vs. 24 h 24 h

Head entries Auditory Food 40 20 2.08 min 2.08 min

Chang and Maren (2009) Rat Conditioned freezing Auditory Shock 5 45 60 sec N/A 15 min vs. 1 h vs.
6 h vs. 24 h

48 h for animals with
acq.-ext. intervals of
less than 24 h, 24 h for
the rest

Experiment 1 Rat Conditioned emotional
response

Auditory Shock 3 20 10 min 3 min 12 min vs. 24 h 72 h from extinction

Note: CS, conditioned stimulus; US, unconditioned stimulus; Acq., acquisition (CS–US trials); and Ext., extinction (CS–no US presentations).
aNumbers separated by a semicolon represent various trial numbers used in the different studies (not a parametric manipulation).
bRandom or variable ITIs are presented with their mean value.
cFor training that occurred over multiple days, the interval was measured from the last day of conditioning.
dThere was one more study in this paper, which extinguished the operant response of lever-pressing, but those parameters were not included in the table (only CS-driven responses were considered).
eThere was a human study in this paper, which yielded spontaneous recovery after immediate (12 sec) extinction, but this was the only acq.-ext. interval assessed in the paper. Shaded cells highlight experiments

in which spontaneous recovery was observed to be equivalent independent of acquisition-extinction interval or greater with a longer interval (delayed condition) than a shorter interval (immediate condition).
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baseline disruptions significantly reduced the number of subjects
entering the repeated-measures analyses. Missing scores were
replaced with group means, but if more than two scores were miss-
ing, the subject was excluded from the analysis. Of the 350 data
points that entered this analysis, 7% were replaced with the
mean, and eight subjects were excluded from the analyses
(Control-Immediate condition: two; Extinction-Delay condition:
three; Extinction-Immediate condition: three). Although mean

replacement artificially reduces within-group data variability,
thus maximizing between-group differences, we still observed nei-
ther an effect of acquisition-extinction interval nor differences
among groups in the last block of extinction, Fs , 1.15.

During SR testing, the data from six subjects (Control-
Immediate-Short and Control-Delayed-Long: one subject each;
Extinction-Delayed-Short and Extinction-Immediate-Long: two
subjects each) could not be included in the repeated-measures
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Figure 2. (A) Training protocol, Experiment 2. (B) Acquisition and extinction data (four-trial blocks). (C–F) Spontaneous recovery test, Experiment 2
(three-trial blocks). Each Extinction group is presented in juxtaposition to its Control group. (C) Immediate-Short condition; (D) Delayed-Short condition;
(E) Immediate-Long condition; and (F) Delayed-Long condition. In all panels, Extinction subjects received X presentations during the extinction phase,
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analyses.ACondition × Acquisition-ExtinctionInterval × Extinc-
tion-Test Interval (short vs. long) × Block ANOVA conducted on
the data collected on the first day of testing revealed main effects
of condition and block, Fs(1,66) ¼ 12.62 and 46.40, respectively,
and a Condition × Acquisition-Extinction Interval × Extinction-
Test Interval interaction, F(1,66) ¼ 4.14. (To simplify the analyses,
the two test days were analyzed separately. Including Test Day as
a factor revealed the same effects and interaction, as well as a
Condition × Acquisition-Extinction Interval × Extinction-Test
Interval × Block interaction.) After the short extinction-test inter-
val, extinction was better maintained in the Delayed than the
Immediate condition, Fs(1,66) ¼ 4.75 and 0.20, respectively. Con-
versely, after the long extinction-test interval, extinction was bet-
ter maintained in the Immediate than the Delayed condition,
Fs(1,66) ¼ 11.03 and 1.91, respectively. A similar ANOVA con-
ducted on the retest data revealed main effects of Condition and
Block, Fs(1,67) ¼ 16.74 and 19.60, respectively. Re-extinction after
SR maintained fear suppression in the conditions in which extinc-
tion had been effective in the first place (Immediate-Long and
Delayed-Short, Fs(1,67) ¼ 8.13 and 5.10, respectively), as well as the
condition that received Immediate extinction and re-extinction
after SR (Immediate-Short, F(1,67) ¼ 4.36). Consistent with the
observations of Experiment 1, neither extinction nor re-extinc-
tion were effective to attenuate fear in Condition Delayed-Long,
F(1,67) ¼ 1.05.

Extinction is the presumed mechanism underlying exposure
therapy in clinical practice (e.g., Craske 1999; Foa 2000), and
relapse due to phenomena such as SR can have serious implica-
tions for the long-term effectiveness of psychological inter-
ventions (e.g., Jacobs and Nadel 1985). The animal studies
described above mirror the ongoing debate of whether post-
traumatic stress disorder (PTSD) is better addressed with imme-
diate crisis intervention (psychological debriefing) (e.g., Campfield
and Hills 2001), or by delaying treatment until the immediate
effects of trauma have subsided, which is usual in cognitive-
behavioral therapy (CBT) (e.g., McNally et al. 2003). Immediate
intervention apparently fails to attenuate the long-term effects
of trauma (e.g., Raphael and Wilson 2000), and may even increase
the incidence of PTSD (van Emmerik et al. 2002). Conversely, CBT
appears to successfully attenuate the effects of trauma in the long
term (McNally et al. 2003). Notably, in a psychological debriefing
situation, subjects are encouraged to talk about the trauma and its
emotional implications, which may not necessarily result in
extinction of fear. Because early memories are very susceptible
to disruption (e.g., Lin et al. 2003a), reactivating them in conjunc-
tion with verbal descriptions of the event may result in reconsoli-
dation of the memory with an added emotional component (e.g.,
Lee 2008). This memory could become different enough from that
of acquisition to result in lowered effectiveness of subsequent
extinction treatment.

Our data suggest that the interaction between the acquisi-
tion-extinction and extinction-test intervals is one of the determi-
nants of long-term retention of extinction. Possibly, immediate
and delayed extinction have different recovery functions. For
example, if immediate extinction had a higher recovery rate
parameter but a lower recovery asymptote than delayed extinc-
tion, SR should occur earlier after immediate than delayed extinc-
tion but, after a relatively long retention interval, there should be
higher levels of SR in the delayed than the immediate extinction
condition. Another possibility is that the acquisition-extinction
interval determines the time course of memory recovery after
extinction (which can be viewed as a form of retroactive interfer-
ence) (e.g., Bouton 1993; Miller and Escobar 2002). Immediate
testing of potentially interfering memories appears to favor recall
of recently acquired information (recency), whereas delayed test-
ing of potentially interfering memories appears to favor recall of

remotely acquired information (primacy) (e.g., Wheeler et al.
2004). Short acquisition-extinction intervals may attenuate the
“recency-to-primacy shift” usually observed with delayed testing.
Whatever the mechanism, our data suggest that immediate
extinction-based interventions could provide long-term benefi-
cial effects for fear attenuation and subsequent treatment after
relapse, even if delayed interventions appear more beneficial in
the short term.
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