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This paper  addresses  sources  contributing  to the  differences  in  the  degree  of  recovery  from  extinction
observed  with  different  renewal  paradigms.  In  two  lick suppression  experiments  with  rats,  we assessed
the  role  of  the  associative  status  of  the  acquisition  context  in  both  the  weakness  of  AAC  renewal  and
the  sometimes  observed  weaker  renewal  resulting  from  an ABC design  relative  to  an  ABA design.  In
Experiment  1,  we  observed  that AAC  renewal  relative  to an  AAA  control  group  was  small  unless  Context
A  had  undergone  associative  deflation  (i.e.,  extinction  of  Context  A).  Deflation  of Context  A not  only
decreased  behavioral  control  by  the  CS  in  the  AAA  condition,  but increased  it  in  the  AAC  condition,
thereby implicating  a comparator  process  in  addition  to associative  summation  between  the  CS  and  test
context.  In  Experiment  2, an  excitatory  acquisition  context  was  found  to  enhance  the  difference  between
ABC  and  ABA  renewal.  Associative  deflation  of the  acquisition  context  decreased  ABA renewal  more  than

ABC  renewal.  Thus,  the associative  value  of  the  acquisition  context  (A)  was  more  positively  related  to
the  level  of renewal  when  the  target  CS  (X)  was  tested  in this  context  than  when  it was  tested  in a
neutral  but  equally  familiar  context  (C),  consistent  with  the  frequently  observed  greater  renewal  in  an
ABA  condition  than  an ABC  condition  arising  from  associative  summation  of the  CS  and  test  context.
These  findings  demonstrate  that the  excitatory  status  of  the  acquisition  context  influences  the  observed
degree  of  renewal.

© 2013 Elsevier B.V. All rights reserved.
. Introduction

Renewal can be behaviorally defined as the recovery of an extin-
uished response when testing occurs in a context different from
hat in which the extinction treatment took place. This behavioral
efinition is not to be confused with one that is based on a specific
nderlying mechanism. There are a number of different procedures
o implement a context shift between extinction and testing. A clas-
ic example is a preparation in which acquisition, extinction, and
esting each occur in separate contexts (i.e., ABC renewal, wherein
he first letter denotes the acquisition context, the second letter
enotes the extinction context, and the third letter denotes the
est context; e.g., Bouton and Bolles, 1979). Additionally, robust
enewal has been observed when acquisition and testing occur

n the same context, but extinction occurs in a second context
i.e., ABA renewal; e.g., Bouton and King, 1983). Although ABC and
BA renewal often produce similar levels of recovery, ABC renewal
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376-6357/$ – see front matter ©  2013 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.beproc.2013.07.006
tends to result in a nominally weaker conditioned response (e.g.,
Thomas et al., 2003). Finally, renewal can sometimes be observed
when acquisition and extinction take place in the same context, and
testing occurs in a different context (i.e., AAC renewal; e.g., Bouton
and Ricker, 1994).

Although each of these paradigms can produce behavioral
renewal, it is generally accepted that the magnitude of recovery
varies across the different renewal designs. The AAC (also referred
to as AAB) renewal paradigm has been shown to produce the weak-
est amount of recovery from extinction when compared to either
ABC or ABA renewal, and sometimes recovery may  not be observed
at all (e.g., Laborda et al., 2011b; Tamai and Nakajima, 2000; Tamai
et al., 2001; Thomas et al., 2003). Interpretation of a comparison
between AAC renewal and either ABC or ABA renewal is com-
plicated because AAC renewal does not involve a context shift
between acquisition and extinction, whereas ABC and ABA renewal
do. A direct comparison between ABC and ABA renewal is simpler
to interpret as the two  designs differ only in the change in context

at the time of testing. This can also be seen in the fact that both
ABA and ABC designs ordinarily make use of the same control con-
dition (i.e., ABB), whereas AAC renewal usually employs a different
control condition (i.e., AAA).

dx.doi.org/10.1016/j.beproc.2013.07.006
http://www.sciencedirect.com/science/journal/03766357
http://www.elsevier.com/locate/behavproc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.beproc.2013.07.006&domain=pdf
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.1. Context-specific learning during extinction treatment

Several accounts of renewal have been suggested based on
he view that the test context modulates retrieval of the mem-
ry produced by extinction (e.g., Bouton, 1993; Miller and Escobar,
002; Rosas et al., 2006). Bouton proposed that extinction treat-
ent produces an inhibitory association between the conditioned

timulus (CS) and the unconditioned stimulus (US). This inhibitory
ssociation is assumed to be more context specific than the excit-
tory CS-US association (either because it is inhibitory or because
t is second learned; e.g., Bouton, 1993, 1997; Nelson, 2002). This
ontext specificity of inhibitory associations results in behavior
ndicative of excitation when testing occurs outside the context
f extinction treatment. In this framework, the extinction context
erves as a negative occasion setter (Holland, 1989) that modulates
he expression of the inhibitory relationship. Miller and Escobar’s
nd Rosas et al.’ accounts of renewal are variants of Bouton’s expla-
ation, but make the same predictions with respect to the present
esearch. Hence, we will not speak further to Miller and Escobar’s
nd Rosas et al.’s accounts here. Critically, Bouton’s account by
tself, although well able to explain the basic renewal effect, seem-
ngly incorrectly anticipates equal degrees of renewal across the
hree types of renewal designs. However, one might argue that
earning that the extinction context is a negative occasion setter
hould be less effective in an AAC design than an ABC or ABA design
ecause in the AAC design the extinction context was  also the
cquisition context, making the extinction context a less effective
iscriminative stimulus. Thus, Bouton’s account, with this minor
dded feature, may  be viewed as anticipating AAC renewal to be
eaker than the other two renewal designs. But there is nothing in
outon’s account to explain why ABC renewal is often somewhat
eaker than ABA renewal.

.2. Associative summation of the test context with the CS

The most frequently cited alternative to Bouton’s (1993) account
f renewal is based on the view that renewal is the result of direct
ssociations between the various contexts and US. One potential
xample of this sort of association is that the extinction context
ould become inhibitory due to presentations of the excitatory CS
ccurring within it in the absence of the US (i.e., in an ABB con-
rol condition; see Polack et al., 2012, for supporting data). This
nhibitory potential of the extinction context could both protect
he CS from unlearning of the CS-US association during extinction
reatment (McConnell and Miller, 2010; Rescorla, 2003) and reduce
esponding to the CS during a test of the CS in the extinction con-
ext, as in an ABB control group. If the extinction context functions
s a conditioned inhibitor during testing in the extinction context,
hen responding to the target CS would be expected to recover out-
ide of the extinction context. Thus, this account is able to explain
he basic renewal effect. Granted there are many demonstrations
f failures to observe any inhibitory status of the context, suggest-
ng that direct inhibition of the US by the extinction context is
t most only one of the several sources of renewal (Bouton and
ing, 1983; Bouton and Swartzentruber, 1986; Nelson et al., 2011;
escorla, 2008). However, this rejection of the view that the extinc-
ion context becomes inhibitory is, by its nature, predicated on null
esults. Additionally, there is a bias in the renewal literature toward
sing parameters that encourage contextual modulation of mem-
ries of extinction, rather than those parameters that encourage
odulation of responding to the target cue by an inhibitory extinc-

ion context (in contrast, Polack et al. used parameters biased to

nhance the inhibitory value of the extinction context). Accounts
f renewal that focus on the associative status of the test context
ot only emphasize the possibility that the extinction context is

nhibitory, but that the acquisition context may  be excitatory. An
ocesses 99 (2013) 112– 120 113

excitatory acquisition context could result in associative summa-
tion of the CS and the test context if testing occurs in the acquisition
context, as in an ABA renewal condition. This sort of associative
summation could explain part or all of ABA renewal and is at least
a plausible contender in explaining why ABA renewal is often more
robust than ABC renewal, in which testing occurs in a neutral con-
text. Moreover, due to Context A’s initial potential for excitatory
value from CS-US acquisition occurring in Context A, Context A
may  be slow to acquire inhibitory value during extinction when
extinction occurs in the acquisition context. This could result in
low contextual inhibition of responding to the CS when the CS is
tested in the acquisition context (i.e., an AAA condition). The resul-
tant heightened (i.e., uninhibited) responding to the CS in Context A
would diminish the difference between an AAC renewal condition
and its AAA control. Thus, consideration of the associative status
of the extinction and test contexts provide a potential account not
only of the basic renewal effect, but the observed differences in
degree of recovery among the three types of renewal designs (i.e.,
AAC < ABC ≤ ABA). However, accounts of renewal based on asso-
ciative summation with the extinction and/or test contexts are
challenged by considerable evidence that renewal can occur even
when the associative status of the contexts in the renewal and con-
trol conditions have been equated (e.g., Harris et al., 2000). Thus,
accounts based on potential differences in the associative status of
the contexts alone are not able to account for all reports of renewal.

In addition to these two  families of mechanisms that may  con-
tribute to renewal effects, there are other models (e.g., Larrauri and
Schmajuk, 2008). But these models tend to invoke a large num-
ber of independent mechanisms (and hence a large number of free
parameters) that preclude their making unambiguous a priori pre-
dictions although they can often be made to fit the data post hoc.
Hence, we will not pursue such models here.

Although the basic renewal effect can be interpreted in terms
of either modulation of responding to the target by the test con-
text or the associative status of the test context, neither account is
fully adequate. ABA renewal being more robust than ABC renewal
challenges the completeness of the contextual modulation account,
and evidence of renewal even when the associative histories of the
different contexts have been equated challenges the completeness
of accounts dependent on the associative status of the contexts.
However, these two  roles of the context are not mutually exclusive.
Holland (1985) and others have established that an occasion set-
ter can simultaneously be a Pavlovian CS. The intent of the present
research was to examine the contribution of associations between
the test context and the US in producing the differences observed
in the magnitude of the different types of renewal.

The question addressed in Experiment 1 was whether the
acquisition context-US association contributes to the frequently
observed weakness of AAC renewal. During acquisition (i.e., CS-US
pairings), the acquisition context (i.e., A) presumably enters into an
excitatory association with the US which may then summate with
the residual excitatory strength of the extinguished stimulus when
testing occurs in that context, as in the AAA control condition to
which AAC renewal is ordinarily compared. Thus, responding at test
in the AAA control condition may  reflect not just responding to the
extinguished CS, but responding to the conjoint stimulus and the
excitatory context. This increased responding in the AAA control
group due to associative summation could reduce the difference in
responding between recovery from extinction in an AAC renewal
group and its AAA control group. Several renewal demonstrations
have directly assessed the associative value of the acquisition con-
text and found that this context alone did not elicit a conditioned

response (e.g., Bouton and King, 1983); however, the context used
by Bouton and King may  have had a low associative strength that
was merely below the threshold required to observe a conditioned
response. Any subthreshold response potential of the context could
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till be available to summate with the residual response potential
f the extinguished CS (see Reberg, 1972). A similar account may
e proffered for the comparison between ABC and ABA renewal
ffects to explain why ABA renewal is often slightly more robust
han ABC renewal. That is, at test for an ABA group the associative
trength of the test context (A) could summate with the residual
ssociative strength of the target CS, whereas for an ABC group an
xcitatory context is absent during CS testing. In Experiment 2, we
xamined this possibility. Several clever designs have attempted
o completely rule out the potential contribution of direct context
ssociations by perfectly matching experience between test con-
exts in order to highlight the contribution to renewal of occasion
etting by the extinction context (e.g., Harris et al., 2000; Rescorla,
008). Renewal seen in these studies makes clear that associations
f the US to the test context are not adequate to account for all
nstances of renewal. Although controlling for associative experi-
nce between test contexts is an excellent strategy for studying
he potential occasion setting properties of the extinction context,
uch designs eliminate other potential contributing mechanisms
hat may  be involved in settings that are more ecologically valid
n modeling relapse from exposure therapy (e.g., Laborda et al.,
011a). The present manuscript serves to highlight the relevance
f some additional contributing mechanisms; however, we  are not
repared to suggest that the present parameters have more clin-

cal relevance than others. The potential contribution of various
enewal mechanisms would depend on the nature of acquisition,
reatment, and testing conditions specific to an individual patient,
he etiology of the disorder, and the particular clinical setting.

. Experiment 1

This experiment was designed to determine whether the rela-
ively small increase in responding to the CS seen in an AAC renewal
roup, relative to an AAA control group which is the conventional
omparison group for AAC renewal, can be explained in terms of the
ssociative status of Context A. That is, might responding, seem-
ngly to the CS, in the AAA control condition reflect not only the
esidual associative strength of the CS but associative summation
f the CS with Context A? Two factors were orthogonally manip-
lated to answer this question. The first factor was  the context in
hich testing took place: Context A (the context of acquisition and

xtinction [AAA]) or Context C (a neutral context [AAC]), thereby
llowing AAC renewal to be assessed relative to an AAA control
ondition. The second factor was the excitatory status of Context
. Subjects were given either additional exposure to Context A

i.e., context extinction [CtxExt]) following CS extinction, or did
ot receive this exposure. Without the additional context expo-
ure, Context A was expected to remain excitatory due to the US
resentations administered in Context A during the CS-US pairings
f acquisition (NoCtxExt). This allowed us to evaluate responding
o the X-Context A compound in the AAA condition as a function
f Context A’s associative strength (i.e., with and without extinc-
ion of the Context A-US association) relative to responding in the
AC condition (with and without extinction of the Context A-US
ssociation). Presumably extinction of the Context A-US associa-
ion would not diminish the occasion setting properties of Context

 as mere exposure to an occasion setter is known not to reduce the
ccasion setting potential of the occasion setter (i.e., Holland, 1989).
he excitatory status of Context A was directly assessed prior to the
est of the extinguished CS X in order to validate the effectiveness
f the intended extinction of the Context A-US association.

.1. Methods
.1.1. Subjects
The subjects were 24 male and 24 female, experimentally

aive, Sprague–Dawley descended rats obtained from our own
ocesses 99 (2013) 112– 120

breeding colony. Body-weight ranges were 263–372 g for males
and 206–271 g for females. Subjects were randomly assigned to
one of the four groups (ns = 12), counterbalanced within groups for
sex. Sex differences were not found to influence responding in this
preparation, nor did it significantly interact with any of our experi-
mental manipulations; therefore, we pooled data across sexes and
omitted mention of this factor from the subsequent results section.
It is likely that we  lacked power to be sensitive to any potential
role of sex in these experiments because including sex as a factor
would have appreciably decreased group size (ns = 6). The animals
were individually housed in standard hanging stainless-steel wire-
mesh cages in a vivarium maintained on a 16/8-h light/dark cycle.
Experimental manipulations occurred near the middle portion of
the light phase. The animals received free access to Purina Lab
Chow, whereas water availability was  limited to 30 min per day
following a progressive deprivation schedule initiated one week
prior to the start of the study. From the time of weaning until the
start of the study, all animals were handled for 30 s, three times per
week.

2.1.2. Apparatus
Six identical copies of each of two  different types of experi-

mental chambers were used. Chamber V was  a 27-cm long box
in a vertical truncated-V shape (29.5-cm height, 21.5-cm wide at
top, and 5.5-cm wide at bottom). The floor was comprised of two
27-cm long, 2-cm wide stainless steel plates, with a 1.5-cm gap
between the two plates. The ceiling was  clear Plexiglas, the front
and back walls were black Plexiglas, and the sidewalls were stain-
less steel. A 0.8-mA, 0.5-s constant-current footshock, produced by
a high voltage AC circuit in series with a 1.0-M� resistor could
be delivered through the metal walls and floor of the chamber.
Each of six copies of Chamber V was  housed in a separate sound-
and light-attenuating environmental isolation chest. The cham-
ber was illuminated by a 7-W (nominal at 120 VAC, but driven
at 50 VAC) light bulb, which was mounted on the inside wall
of the environmental enclosure, approximately 30-cm from the
center of the experimental chamber. The light entered the cham-
ber primarily by reflection from the ceiling of the environmental
chest.

Chamber R was  rectangular, measuring
24.0 cm × 9.0 cm × 12.5 cm (l × w × h). The walls and ceiling of
Chamber R were clear Plexiglas, and the floor was comprised of
stainless steel rods measuring 0.5-cm diameter, spaced 1.3-cm
apart (center to center). The rods were connected by NE-2 bulbs,
which allowed for the delivery of a 0.8-mA, 0.5-s constant-current
footshock. Each of six copies of Chamber R was  housed in separate
light- and sound-attenuating environmental isolation chambers.
Each chamber was  dimly illuminated by a 2-W (nominal at 120
VAC, but driven at 50 VAC) incandescent house light mounted on
an inside wall of the environmental chest located approximately
30 cm from the animal enclosure.

All chambers could be equipped with a water-filled lick tube
that extended 1-cm into a cylindrical niche, which was 4.5 cm in
diameter, left right centered on the narrow walls of the cham-
ber, with its bottom 1.75-cm above the floor of the apparatus
and 5.0 cm deep. There was a photobeam detector 1-cm in front
of the lick tube that was broken whenever a subject licked
the tube. A 45-� speaker on the inside walls of each isola-
tion chest could deliver a click train (6 Hz) 6 dB (C-scale) above
background. Ventilation fans in each enclosure provided a con-
stant 76-dB (C-scale) background noise. The light intensities inside
the two  illuminated chambers were approximately equal due to

the difference in opaqueness of the walls of Chambers V and
R.

The click train served as conditioned stimulus X and was 15 s
in duration during acquisition and CS extinction. The footshock



ral Processes 99 (2013) 112– 120 115

s
c

2

t
i

2
d
s
g
w
n
t

2
g
o
u
w
1
w
t
p
e
c
a

2
o
2
e
c
r
o
t

2
C
o
d
o
i
C
o

2
d
n
b
w
U
c
t
e
b
g
e
q
l
p
w
C
d
o

0.7

1.2

1.7

2.2

CtxExt NoCtxExt

L
ic

k
 l
a

te
n

c
y

 (
lo

g
 s

)

AAA

AAC

Fig. 1. Context test (Experiment 1). Bars indicate mean log time to complete five
cumulative seconds of licking upon being placed in Context A in Experiment 1.
C.W. Polack et al. / Behaviou

erved as the US. The physical identity of Contexts A and C were
ounterbalanced between Chambers R and V within groups.

.1.3. Procedure
See Table 1. Within each of the two context extinction condi-

ions, exposure to the two test contexts was equated across groups
n each phase of treatment.

.1.3.1. Acclimation. On Day 1, all subjects were acclimated to
rinking in Context A and Context C during two  30-min ses-
ions. The order of context acclimation was counterbalanced within
roups. During the acclimation phase, subjects had free access to
ater-filled lick tubes. There were no presentations of any nomi-
al stimuli during this phase. At the end of acclimation, the water
ubes were removed until testing.

.1.3.2. Phase 1 (acquisition). On Day 2, all subjects received a sin-
le conditioning training session in Context A and an equal amount
f exposure to Context C without presentation of any nominal stim-
lus. Subjects received six presentations of X with X coterminating
ith the US. The reinforced trials were initiated 15, 45, 80, 110,

35 and 160 s into the 180-s session; thus, the acquisition trials
ere highly massed. This was done to minimize context extinc-

ion during the intertrial intervals. Alternatively stated, we  used
arameters that were designed to leave Context A excitatory at the
nd of Phase 1. The order of the sessions in Contexts A and C was
ounterbalanced within groups and the time between sessions was
pproximately 220 min.

.1.3.3. Phase 2 (extinction of X). On Day 3, all subjects received
ne 8-min extinction session in Context A in which they received
4 presentations of CS X alone with an average ITI of 5-s; thus, the
xtinction trials were highly massed. This was done to minimize
ontext extinction during the intertrial intervals. All subjects also
eceived 8-min of exposure to Context C without the presentation
f any nominal stimulus. This was done to equate Phase 2 exposure
o the test contexts.

.1.3.4. Phase 3 (context extinction). On Days 4–6, rats in Condition
txExt (i.e., Groups AAA-CtxExt and AAC-CtxExt) received 180-min
f exposure per day to Context A and Context C during two separate
aily sessions (one daily session in each context). Enclosures were
pened every 30-min to ensure that the rats were awake. Subjects
n Condition NoCtxExt received handling equivalent to those in the
txExt condition but were not placed in either context. The order
f these sessions was counterbalanced within groups.

.1.3.5. Testing. On Days 7 and 8, all subjects were tested for con-
itioned lick suppression to Context A during a 5-min session (i.e.,
o punctuate CS was present) on one day and received compara-
le exposure in Context C on the other day. The short test session
as intended to minimize extinction of any existing Context A-
S association. The test measured time to complete an initial five
umulative seconds of drinking in the context. Half of the rats were
ested on Day 7 and the other half on Day 8, whereas they received
xposure to Context C on the opposing day in order to counter-
alance the order of exposure to Context A and Context C within
roups. All subjects were given 30-min of water shortly after each
xposure to control for differences in water deprivation on subse-
uent testing as a result of initial testing. By virtue of the session

ength, a ceiling score of 5-min was imposed on the time to com-
lete five cumulative seconds of drinking. On Day 9, all subjects

ere tested for conditioned lick suppression to CS X. Subjects in
ondition AAA were tested in Context A, whereas, subjects in Con-
ition AAC were tested in Context C. To match testing conditions
n Day 9 with that of the context tests on Days 7 and 8, CS X was
Higher lick latency scores reflect more fear to the context. Brackets reflect standard
error of the mean (SEM). 0.7 log s corresponds to completion of five cumulative
seconds of licking in 5 s, the lowest score possible.

presented immediately at the start of the test trial. The time to com-
plete an initial five cumulative seconds of licking was  recorded. The
test session for X was  10 min in duration. By virtue of the session
length, a ceiling score of 10 min  was imposed on the time to com-
plete five cumulative seconds of drinking.

2.2. Results and discussion

A log (base 10) transformation of all recorded times to com-
plete five cumulative seconds of licking was conducted to satisfy
the assumptions of normality and homogeneity of variance for
parametric data analysis. During testing of Context A, we expected
subjects in Condition CtxExt to have lower overall lick suppression
scores than subjects in Condition NoCtxExt. That is, the additional
exposure to Context A on Days 4–6 was  expected to extinguish most
or all observable excitatory value of that context. We  conducted a
2 (Test Context: A vs. C) × 2 (Context Treatment: CtxExt vs. NoC-
txExt) analysis of variance (ANOVA) on log latencies to complete
the first five cumulative seconds of drinking in Context A on Day 7
or 8. Test Context was included as a factor to determine if the AAC
and AAA conditions interacted with the context extinction manip-
ulation. Fig. 1 depicts the group means for the test of Context A.
Shorter latencies indicate less fear of the context. We  observed a
main effect of Context Treatment F(1, 44) = 12.37, p < .05, MSE  = .17,
Cohen’s f = .49 (CtxExt < NoCtxExt), but no effect of Test Condition,
F < 1, and no interaction was observed between these two factors,
F < 1. Therefore, we can conclude that our context extinction treat-
ment produced observable differences in the associative value of
Context A. The lack of a Test Context effect is consistent with the
fact that at the time of the context test, the two  Test conditions had
not yet experienced any differential treatment (see Table 1).

For the test of X, we conducted an identical 2 × 2 ANOVA
on the log lick latencies to complete the first five cumulative
seconds of drinking during the test session of Day 9 (see Fig. 2).
Shorter latencies indicate less fear of the CS. We  expected to see
a small or negligible higher level of conditioned suppression in
Group AAC-NoCtxExt than in Group AAA-NoCtxExt, that is, AAC
renewal with any summative contribution of Context A working
against the renewal effect by increasing conditioned suppression in
Group AAA-NoCtxExt. Furthermore, we  expected less suppression
in Group AAA-CtxExt than in Group AAA-NoCtxExt due to atten-
uation of any summative contribution from the putative Context
A-US association in Group AAA-CxtExt. Additionally we  expected
to observe the typical recovery-from-CS-extinction effect with test-
ing in a context different from that of extinction when Context A
received extinction treatment. In other words, we expected Group

AAC-CtxExt to exhibit more conditioned suppression than Group
AAA-CtxExt.

We  observed a marginal main effect of Context Treatment, F(1,
44) = 3.88, p < .06, MSE = .12, Cohen’s f = .24, and a main effect of Test
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Table 1
Design of Experiment 1.

Groups AcquisitionDay 2 ExtinctionDay 3 Ctx ExtDays 4–6 Test CtxDays 7 and8 Test XDay 9

AAA-NoCtxExt (6 X+)A/(−)C (24 X−)A/(−)C Handling (−)A XA

AAC-NoCtxExt (6 X+)A/(−)C (24 X−)A/(−)C Handling (−)A XC

AAA-CtxExt (6 X+)A/(−)C (24 X−)A/(−)C (−)A/(−)C (−)A XA

AAC-CtxExt (6 X+)A/(−)C (24 X−)A/(−)C (−)A/(−)C (−)A XC
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ote: AAA, acquisition, extinction and testing all occurred in the same context; AAC, 

ontext; CtxExt, context extinction treatment; X, Clicks; +, unconditioned stimulus

ontext, F(1, 44) = 4.31, p < .05, Cohen’s f = .26. More important, an
nteraction between these two variables was also detected, F(1,
4) = 21.89, p < .05, Cohen’s f = .66. Planned contrasts using the error
erm from the ANOVA were conducted in order to determine the
ource of the interaction. Group AAA-CtxExt displayed less condi-
ioned suppression than Group AAC-CtxExt, F(1, 44) = 22.82, p < .05,
ndicating that robust AAC renewal was observed following context
xtinction. In the NoCtxExt condition, Group AAA-NoCtxExt exhib-
ted more suppression than Group AAC-NoCtxExt, although this
umerical difference was not statistically significant, F(1, 44) = 3.38,

 < .08. Thus, a robust AAC renewal effect was observed only after
ontext A was extinguished. This confirmed that AAC renewal is
ore difficult to observe when Context A is excitatory. We also

bserved a marginal difference between responding in Group AAA-
txExt and Group AAA-NoCtxExt, F(1, 44) = 3.67, p < .07, suggesting
hat part of this difference in sensitivity is due to associative sum-

ation of CS X with the test context.
Surprisingly, Group AAC-CtxExt displayed more conditioned

uppression than Group AAC-NoCtxExt, F(1, 44) = 22.10, p < .05. This
ifference is explicable neither in terms of modulation of respon-
ing to the CS by the test context nor summation of associative
trengths of the CS and test context. However, this finding is con-
istent with the suggestion of Laborda et al. (2011b) that the weak
esponding to the CS seen in an AAC renewal group relative to
n ABC renewal group is partly due to a comparator effect at test
etween the extinguished CS and Context A. Laborda, Witnauer,
t al. observed that the absolute level of responding to a CS in
n AAC renewal group (as distinct from its difference from an
AC control group) could be increased by giving extensive post-
xtinction exposure to Context A alone (i.e., context extinction; see
lso Witnauer and Miller, 2009). The findings of Laborda, Witnauer,
t al. identified one mechanism that can contribute to AAC renewal
eing weaker than ABC renewal when these two conditions are
irectly compared to each other (as opposed to their appropriate
ontrols, AAA and ABB, respectively, with the differences between

he renewal groups and their controls being compared). A poten-
ial weakness of the Laborda, Witnauer, et al. studies is that
heir AAC renewal and ABC renewal preparations were not eval-
ated relative to the usual AAA and ABB control conditions. These
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ig. 2. Renewal test (Experiment 1). Bars indicate mean log time to complete five
umulative seconds of licking upon being placed in the test context with the CS
mmediately present in Experiment 1. Higher lick latency scores reflect more fear
o the stimulus and context compound. Brackets reflect standard error of the mean
SEM). 0.7 log s corresponds to completion of five cumulative seconds of licking in

 s, the lowest score possible.
ition and extinction occurred in the same context, but testing occurred in a different
ntation, −, no nominal stimulus presentation; A, Context A; C, Context C.

controls were omitted by Laborda, Witnauer, et al. because their
focus was on the difference between the absolute magnitude of
responding following AAC and ABC renewal procedures rather than
on the magnitude of each type of renewal relative to its appropri-
ate control condition. Laborda, Witnauer, et al. interpreted their
results within the framework of the comparator hypothesis (SOCR;
e.g., Stout and Miller, 2007; also see Miller and Matzel, 1988), which
suggests that cue comparison between the target CS (X) and Con-
text A at the time of test (even when testing occurs outside Context
A) can influence responding in an AAC renewal preparation. Specifi-
cally, SOCR assumes that conditioned responding to X is the result of
a comparison at test between the representation of the US directly
activated by presentation of X and the representation of the US
indirectly activated through an X-comparator stimulus-US asso-
ciative linkage. This indirect activation of the US representation
is proportional to the product of the within-compound associ-
ations between X and its so-called comparator stimuli and the
associations between these comparator stimuli and the US. (SOCR
explains conventional cue competition through the same cue com-
parison mechanism.) In an AAC renewal design, during acquisition,
a within-compound association between X and Context A is formed
in addition to X-US and Context A-US associations. When extinc-
tion treatment also occurs in Context A, this phase serves to further
strengthen the within-compound association between X and Con-
text A. Little extinction of the Context A-US association in the
form of unlearning (i.e., erasure) is ordinarily anticipated during
the CS extinction treatment because the unlearning mechanism for
extinction within SOCR plays a secondary role to response reduc-
tion resulting from comparator processes (i.e., strengthening of the
X-Context A association). Laborda, Witnauer, et al. suggested that
differences in cue comparisons between CS X and Context A may  be
in part responsible for the weaker recovery from extinction seen in
AAC renewal (i.e., AAC vs. AAA) than ABC renewal (i.e., ABC vs. ABB)
because of the stronger X-Context A association in the AAC condi-
tion than the ABC condition. That is, cue comparisons should play a
greater role in determining responding in AAC renewal compared
to ABC renewal. Comparator models of learning like SOCR are not
good candidates as explanations for basic renewal because renewal
clearly is by definition dependent on the test context, whereas
SOCR focuses on a role for the acquisition context even when test-
ing occurs in a different context. But comparator processes may
also be at play in a renewal situation. Clearly SOCR explains the
present difference between Groups AAC-CtxExt and AAC-NoCtxExt.
Ideally one model of learning would explain all phenomena
observed in learning situations. But research has repeatedly
demonstrated that no contemporary model (e.g., comparator mod-
els like SOCR, total-error reduction models like Rescorla and
Wagner (1972), and attentional models like Mackintosh (1975)
and Pearce and Hall (1980)) is this successful. Each of many mod-
els appears to describe processes that conjointly contribute to
behavior.
The preceding digression concerning the observed difference
in conditioned suppression between the two  AAC groups was
demanded by the data, but the focal interest of the present exper-
iment was  on the role of the associative status of the acquisition
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Fig. 3. Covariate analysis (Experiment 1). The present graph depicts the relationship
between responding to Context A alone and responding to CS X in Experiment 1.
Subjects were categorized as Low if they were in the bottom 25% of responders
from the test of Context A alone, whereas animals were categorized as having High
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ontext (A) on the magnitude of AAC renewal (i.e., AAC condition
s. AAA control condition). Considering that our primary interest
as how the associative value of Context A influences conditioned

uppression to X under different test conditions (i.e., testing in Con-
ext A vs. in a neutral context such as Context C), we conducted a
eparate analysis to determine whether the relationship between
esponding during the test of Context A alone and responding to

 changed as a function of the test context. Although this is sug-
ested by the data analysis above, a more direct test of this would
e to determine whether responding to Context A could be used to
redict responding to X in the different groups. Specifically, if the
ssociative value of Context A summates with the associative value
f X when X is tested in Context A, then responding to Context A
lone should be positively related to responding to X in Context
. However, cue comparisons at test due to a comparator process
ay  also play a role, which would be expected to produce a negative

elationship between responding to Context A and responding to
. When X was tested in Context C (Condition AAC), the associative
trength of Context A was unable to summate with the associative
trength of X because Context A was absent. Consequently, only the
egative relationship anticipated by SOCR between the associative
tatus of Context A and responding to X would be expected. Thus,
e expected a different relationship between test trial suppression

o Context A alone and testing on X depending on whether the test
f X occurred in Context A or C. The amount of responding to X in
ontext C was expected to result in a negative relationship to sup-
ression to Context A alone, whereas responding to X in Context

 should yield a less negative (maybe even positive) relationship
ith suppression to Context A alone due to the direct contribution

f excitation from Context A (i.e., associative summation) in the
atter case.

To further test the influence of Context A’s associative strength
n suppression to X, we conducted an ANCOVA on the log cumu-
ative seconds recorded during Test Day 9 using Test Context as a
redictive variable and the log lick latencies to Context A alone as
he covariate. Context Extinction was removed as a factor because
t was previously demonstrated to predict the covariate (i.e., sup-
ression to Context A alone). We  included an interaction term
etween our qualitative variable (Test Context) and our continu-
us covariate because our concern was whether the covariate was
ifferentially related to suppression to X depending on the context
f testing (see Myers and Well, 2003, Chapter 15; Tabachnick and
idell, 2007, p. 212, for a description of the evaluation of covariates).
n effect of Test Context was detected, F(1, 44) = 7.50, p < .05, but not
f suppression to Context A, F(1, 44) < 1. Critically, we  observed the
redicted interaction, F(1, 44) = 4.40, p < .05, with the measure of the
ssociative value of Context A being more positively related to con-
itioned suppression to X in Context A and more negatively related
o suppression to X in Context C (Fig. 3 illustrates this interaction by
locking the upper and lower quartiles of suppression to Context A
lone into high and low responders, respectively). This procedure
learly violates the assumption of homogeneity of regression which
s necessary for the typical use of ANCOVA because the interaction
pecifically tells us that the regressions differ; however, testing our
articular prediction is not a typical use of ANCOVA. Immediately,
e are not interested in using the covariate to increase sensitivity

f our predictor variable, but rather as a method to test the spe-
ific interaction between our covariate and the predictor variable.
ig. 3 depicts the expected crossover interaction. A negative rela-
ionship between suppression to Context A (discretely categorized
s Low vs. High for the visualization) and suppression to X was
bserved when testing occurred in a neutral context (Condition

AC), indicating cue comparison as anticipated by SOCR, whereas a
ore positive relationship was observed when testing occurred in

ontext A (Condition AAA), suggesting the occurrence of associative
ummation.
associative value of Context A if they were in the top 25% of responders during
the test of Context A alone. 0.7 log s corresponds to completion of five cumulative
seconds of licking in 5 s, the lowest score possible.

3. Experiment 2

Experiment 2 was designed to determine whether the differ-
ence in robustness of recovery between ABC and ABA renewal
procedures can be partially explained in terms of the difference
in the associative status of Contexts A and C. Specifically, we  asked
whether associative summation between the CS and the test con-
text enhances responding in an ABA renewal group. Experiment
2 was  similar to Experiment 1, with the exception that Phase 2
(CS Extinction Treatment) was conducted in a separate context
(Context B) from acquisition or testing. As ABC renewal and ABA
renewal use the same control condition (ABB), we  did not include
the control condition as it would have been identical for these two
types of renewal. Paralleling Experiment 1, a 2 (Context treatment:
CtxExt vs. NoCtxExt) × 2 (Test context: ABA vs. ABC) experimental
design was used (see Table 2). Because this extinction treatment
occurred in Context B, we  expected a limited role of cue compari-
son (SOCR) between the CS and Context A due to a relatively weak
(and equivalent) X-Context A association in all groups. Moreover,
an effect of cue comparison should take the form of lower sup-
pression in the NoCtxExt condition than the CtxExt condition, with
cue comparison’s contribution being equal across the ABC and ABA
conditions.

3.1. Methods

3.1.1. Subjects
The subjects were 24 male and 24 female, experimentally naive,

Sprague–Dawley descended rats obtained from our own breed-
ing colony. Body-weight ranges were 226–305 g for males and
214–284 g for females. Subjects were randomly assigned to one of
the four groups (ns = 12), counterbalanced within groups for sex.
Again, sex did not significantly influence our results (all ps > .14).
The animals were housed as described in Experiment 1.

3.1.2. Apparatus
The apparatus consisted of the same R and V chambers that were

used in Experiment 1. However, now three contexts (A, B, and C)
were needed rather than the two  contexts (A and C) of Experiment
1. Chamber R was modified in order to create Context B. These mod-

ifications included the insertion of a Plexiglas floor, the houselight
being turned off, and the application of an odor (methyl salicylate).
Additionally, for each subject an instance of Chamber R was  used
that differed from that used for either Context A or Context C.
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Table 2
Design of Experiment 2.

Groups AcquisitionDay 2 ExtinctionDay 3 Ctx ExtDays 4–6 Test CtxDays 7 and 8 Test XDay 9

ABA-NoCtxExt (6 X+)A/(−)C (24 X−)B Handling (−)A XA

ABC-NoCtxExt (6 X+)A/(−)C (24 X−)B Handling (−)A XC

ABA-CtxExt (6 X+)A/(−)C (24 X−)B (−)A/(−)C (−)A XA

ABC-CtxExt (6 X+)A/(−)C (24 X−)B (−)A/(−)C (−)A XC
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ote: ABC, acquisition, extinction and testing all occurred in separate contexts; ABA
n  a different context; CtxExt, context extinction treatment; X, Clicks; +, unconditio
;  C, Context C.

.1.3. Procedure
See Table 2. As in Experiment 1, exposure to the two test con-

exts was equated within the two context extinction conditions in
ach phase of treatment.

.1.3.1. Acclimation and Phase 1 (acquisition). All subjects were
iven acclimation to Contexts A and C (Day 1) and acquisition treat-
ent in Context A with equivalent exposure to Context C (Day 2)

dentical to those of Experiment 1.

.1.3.2. Phase 2 (extinction of X). On Day 3, all subjects received 24
resentations of X alone. These were administered in Context B, but
therwise were in all aspects identical to the extinction treatment
n Experiment 1.

.1.3.3. Phase 3 (context extinction). On Days 4–6, rats in Condition
txExt received 180-min exposure per day to Context A and Context

 as in Experiment 1, while rats in Condition NoCtxExt received
quivalent handling.

.1.3.4. Testing. On Days 7 and 8, all subjects were tested for con-
itioned lick suppression to Context A and exposed to Context C
s in Experiment 1. On Day 9, all subjects were tested for condi-
ioned lick suppression to CS X. Subjects in Condition ABA were
ested in Context A, whereas subjects in Condition ABC were tested
n Context C. All other aspects of the testing phase were identical
o testing in Experiment 1.

.2. Results and discussion

The log transformed data from both tests satisfied assump-
ions of normality and homogeneity of variance for parametric data
nalysis. As expected on the test of Context A, Condition CtxExt pro-
uced lower mean lick suppression scores than Condition NoCtxExt
ue to extinction treatment of Context A. Fig. 4 depicts the group

eans for the test of Context A. A 2 (Test Context: ABA vs. ABC) × 2

Context Treatment: CtxExt vs. NoCtxExt) ANOVA on the log latency
o complete the first five cumulative seconds of licking in Con-
ext A yielded a main effect of Context Treatment, F(1, 43) = 66.89,
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ig. 4. Context test (Experiment 2). Bars indicate mean log time to complete five
umulative seconds of licking upon being placed in Context A in Experiment 2.
igher lick latency scores reflect more fear to the Context. Brackets reflect SEM.
.7 log s corresponds to completion of five cumulative seconds of licking in 5 s, the

owest score possible.
isition and testing occurred in the same context, but extinction of the CS occurred
imulus presentation; –, no nominal stimulus presentation; A, Context A; B, Context

MSE = .15, Cohen’s f = 1.17, but no effect of Test Condition, F < 1, and
no interaction was observed between these two factors, F < 1. Thus,
extensive exposure to the acquisition context (A) produced observ-
able differences in the associative value of Context A. Note that in
the NoCtxExt condition suppression to Context A was  smaller in
Experiment 1 than Experiment 2 (compare Figs. 1 and 4). This dif-
ference may  have been the result of the additional 8-min of context
exposure to Context A in Experiment 1 (during extinction of X in
Context A) which was absent in Experiment 2. But this explanation
is challenged by the observation that context extinction typically
requires much longer exposure to be effective (see Laborda et al.,
2011b, for rate of context extinction).

An identical 2 × 2 ANOVA was  conducted on the log lick laten-
cies to drink for the first five cumulative seconds in the presence of
the target stimulus (see Fig. 5). One animal from Group ABC-CtxExt
was excluded from the analysis due to equipment failure. Main
effects of Context Treatment, F(1, 43) = 28.71, p < .05, MSE = .15,
Cohen’s f = .76, and Test Condition, F(1, 43) = 17.85, p < .05, Cohen’s
f = .59, as well as an interaction between these two factors, F(1,
43) = 14.38, p < .05, Cohen’s f = .53, were detected. Planned contrasts
were conducted in order to determine the source of the interaction.
As expected, Group ABA-NoCtxExt exhibited longer latencies than
Group ABC-NoCtxExt, F(1,43) = 32.87, p < .05, indicating enhanced
responding to X (and the test context) when tested in an excitatory
context. This observation seems to be best explained through asso-
ciative summation of the CS and Context A, with the associative
strength of Context A having been effectively reduced by extinc-
tion of Context A during Phase 2. Additionally, Groups ABA-CtxExt
and ABC-CtxExt did not differ, F(1,43) < 1, suggesting that ABA and
ABC renewal procedures produced the same results when the test
contexts are similarly low in associative status (i.e., Context C was
never paired with the US and the Context A-US association was
low due to context extinction during Phase 2). Longer latencies
were also detected in Group ABA-NoCtxExt than in Group ABA-
CtxExt, F(1,43) = 42.81, p < .05, further supporting the conclusion

that the excitatory status of Context A (as directly observed during
the context test) can summate with the residual CS-US association.

Here again we were interested in whether a predictive relation-
ship between suppression to Context A and suppression to X could
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Fig. 5. Renewal test (Experiment 2). Bars indicate mean log time to complete five
cumulative seconds of licking upon being placed in the test context with the CS
immediately present in Experiment 2. Higher lick latency scores reflect more fear
to the stimulus and context compound. Brackets reflect standard error of the mean
(SEM). 0.7 log s corresponds to completion of five cumulative seconds of licking in
5  s, the lowest score possible.
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e observed. As in Experiment 1, covariation between suppression
o Context A alone on Day 7 and suppression to X on Day 9 was
xpected. We  conducted an ANCOVA on the log cumulative seconds
ecorded during Test Day 9 using Test Context (i.e., ABC vs. ABA) as

 predictive variable and the log lick latencies to Context A alone as
he covariate. Context Extinction was removed as a factor because
t was previously demonstrated to predict the covariate (i.e., sup-
ression to Context A alone). We  sought an interaction between
ur qualitative variable (Test Context) and our continuous covari-
te because our hypothesis was that the covariate is differentially
elated to X depending on the context of testing. We  did not find
n effect of Test Context, F(1, 43) = 1.46, p > .23, but a main effect
f suppression to Context A was observed, F(1, 43) = 22.53, p < .05.
e also detected the predicted interaction, F(1, 43) = 11.04, p < .05,
ith the measure of the associative value of Context A being more
ositively related to suppression to X in Context A than suppres-
ion to X in Context C. Fig. 6 illustrates this interaction by blocking
he upper and lower quartiles of suppression to Context A alone
nto high and low responders, respectively. Again we can see that
esting X in Context A (i.e., ABA) resulted in a more positive cor-
elation between conditioned suppression to Context A alone and
uppression to CS X compared to testing CS X in Context C (i.e.,
BC).

. General discussion

The present experiments demonstrate the influence of an excit-
tory Context A on the differences in the degree of renewal
bserved between AAC, ABC, and ABA renewal preparations. We
hould note that, to enhance factors that may  contribute to dif-
erences in magnitude between the different types of renewal,
e used somewhat unusual parameters, specifically, massed tri-

ls in both acquisition and extinction and onset of the CS at
he very beginning of the CS test trials. These parameters were
elected to ensure that the acquisition context was clearly excit-
tory for illustrative purposes. We  argue for the perspective that
hese observable influences likely still contribute to apparent res-
onding to the CS even when direct measures of the associative
alue of the acquisition context detect no excitation (e.g., Reberg,
972). Additionally, similar processes, albeit with reduced effect
ize, are suggested to be at work with more conventional parame-
ers (e.g., Laborda et al., 2011b). Experiment 1 replicated the prior

nding of Laborda et al. (2011b) that renewal in an AAC condi-
ion is stronger after the associative value of Context A has been
xtinguished, and this time did so relative to AAA control groups.
oreover, in an AAA control condition the associative status of
ocesses 99 (2013) 112– 120 119

Context A had a significant effect on conditioned suppression to
the X-Context A compound (i.e., testing of X in Context A). This
demonstration illustrates one mechanism that can attenuate the
observation of recovery from CS extinction in an AAC renewal con-
dition relative to an AAA control condition. That is, associative
summation with the test context can elevate conditioned respon-
ding by the AAA control group, thereby reducing the apparent
recovery in the AAC renewal group. In Experiment 2, associative
summation between Context A and the extinguished CS was found
to be one source of ABA renewal design producing more robust
responding than an ABC renewal. Testing of the CS in Context A
(i.e., Group ABA) allowed the excitatory potential of Context A that
was acquired during the initial CS-US pairings to summate with the
residual excitatory value of the CS. In contrast, testing the CS in Con-
text C (i.e., Group ABC) provided a test context devoid of excitatory
potential, so there was nothing to summate with the residual excit-
atory potential of the CS. However, associative summation of the CS
with Context A is only part of the story concerning differing degrees
of renewal across the different renewal paradigms. This was  evident
in the AAC condition of Experiment 1 in which extinction of the
acquisition context (A) increased conditioned suppression to the
CS despite associative summation being precluded by test of the
CS occurring in a neutral context (C). Seemingly, a comparator-like
process was  responsible for this difference when testing occurred
in a neutral context.

Although the present research provides clear evidence of asso-
ciative summation between the test context and the CS, Harris et al.
(2000; Experiment 2) demonstrated that enhanced responding
resulting from associative summation between a target stimulus
and the acquisition context can be specific to the excitor trained
in that context. Testing a second excitor in that acquisition context
resulted in less responding. Because of the equivalent experience
of the test contexts, it is difficult to suggest that direct US associa-
tions played a strong role in that demonstration. Clearly something
other than direct summation was involved; potentially the acqui-
sition context functioned as a positive occasion setter for the cue
(or vice versa). However, this effect may  have arisen from general-
ization decrement (Pearce, 1987). It would have been interesting to
see whether the excitatory status of the context alone would have
predicted the amount of summation in Harris et al. (2000), as we
observed in the present experiments using modified ANCOVAs.

In summary, it is becoming ever clearer that several differ-
ent mechanisms underlie the basic renewal effect (i.e., all three
types of renewal), with the relative contributions of these dif-
ferent mechanisms being dependent upon both procedures and
parameters. Testing the CS outside of the extinction context elimi-
nates both negative occasion setting by the extinction context and
the extinction context serving as a conditioned inhibitor, each of
which appear able to contribute to the basic renewal effect (e.g.,
Harris et al., 2000; Polack et al., 2012). Turning from the basic
renewal effect to differences in magnitude of the three types of
renewal, in Experiment 1 we saw that associative summation ele-
vated responding in an AAA control condition, whereas under select
circumstances comparator effects such as posited by Stout and
Miller (2007) can contribute to the relatively weak responding that
is observed in an AAC group. Either of these factors alone or the
two together could explain the relatively small effect size of AAC
renewal. In Experiment 2 we  saw that differential associative values
of the test context readily speak to the greater magnitude of ABA
renewal compared to ABC renewal. That is, testing in the acquisition
context (as in ABA renewal) can result in any existing association
between the acquisition context and the US  summating with the

residual CS-US association to produce apparent heightened respon-
ding to the CS relative to an ABC renewal group.

Recently, it has been suggested that the term renewal should
be reserved for recovery from extinction in the absence of direct
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ssociations with the test context (Nelson et al., 2011). This def-
nition invites confusion between one particular mechanism that

ay  contribute to renewal and the behavioral phenomenon of
ecovery from extinction when testing occurs outside the extinc-
ion context. Considering that the findings of Harris et al. (2000)
nd others highlight one factor that contributes to renewal effects
i.e., negative occasion setting by the extinction context), whereas
he present results highlight several other factors, it is impor-
ant to remember that renewal preparations are often meant to

odel clinical settings which are more likely to involve more than
ne isolated mechanism. Given this consideration, there may  be
ome merit in researchers moving away from renewal designs that
mphasize one particular mechanism by eliminating the potential
ontribution of other possible mechanisms and instead beginning
o identify the relative contributions of various processes in more
cologically valid procedures. This criticism certainly applies to the
resent experiments as well as many others investigating renewal.
dditionally, the labels we give to contexts depend on whether

he experimenter views the contexts as sufficiently different from
ne another (Bouton and Swartzentruber, 1986, Experiments 1a
nd 1b). Contexts may  not always be as distinct as we  think they
re and conversely we can often find some features of presum-
bly different contexts that are similar (e.g., Todd et al., 2012). It
s important to consider all of the potential determinants of ABA,
BC and AAC renewal because real world contexts are not likely

o be as cleanly defined as the putatively distinguishable contexts
n laboratory experiments. At best we might hope to claim that a
articular situation is more ABA-like or relatively ABC-like.
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