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Abstract

The renewal effect is a key phenomenon in understanding the underlying mechanism
of recovery from extinction. Findings in renewal strongly suggest that contextual cues
play an important role in retrieving previously extinguished responses. The retrieval-
of-information theory (Bouton, 1993) has been the main theoretical view in this area
for the last 20 years. However, some inconsistent data suggest that Bouton’s explana-
tion is incomplete. This article reviews recent research indicating that attention could
be another mechanism that underlies renewal and other recovery effects. Implications
for learning theory and interventions in applied settings are discussed.
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Resumen

El efecto de renovacién es un fenémeno clave para el entendimiento del mecanismo
subyacente de la recuperacion de la extincion. Los hallazgos de renovacion sugieren
que las claves contextuales tienen un papel importante en la recuperacion de res-
puestas previamente extinguidas. La teoria de la recuperacion de la informacién
(Bouton, 1993) ha sido el principal punto de vista tedrico en esta area durante los
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Gltimos 20 anos. No obstante, algunos datos inconsistentes sugieren que la explica-
cién de Bouton es incompleta. En este articulo se revisa investigacion reciente que
indica que la atencién puede ser otro mecanismo que subyace la renovacién y otros
efectos de recuperacién. Se discuten las implicaciones para la teoria del aprendizaje
y las intervenciones en ambientes aplicados.

Palabras clave: atencion, extincion, procesamiento del contexto, ratas, renovacion

Reduction in a previously trained response due to the omission of the uncondi-
tioned stimuli or reinforcement is known as extinction. Nowadays, it is widely ac-
cepted that extinction is not the same as unlearning (Delamater, 2004; Rescorla, 2001).
That argument is based on the evidence from five response recovery phenomena
(Bouton, 2014). In the renewal effect, an extinguished response returns whenever the
subject is tested outside the extinction context (Bouton & Bolles, 1979; Thomas, Larsen,
& Ayres, 2003). In spontaneous recovery, the retrieval of the extinguished behavior
occurs merely by the passing of time (Pavlov, 1927; Rescorla, 2004). Reinstatement
is an effect that shows that an extinguished responding may return by delivering the
outcome independently of responding (Delamater, 1997; Sanchez-Carrasco,
Gonzalez—Martin, & Nieto, 2011). In rapid reacquisition, a previously extinguished
response can be retrieved due to the re—experience of the response—outcome contin-
gencies (Capaldi, 1994; Woods & Bouton, 2007). Finally, in resurgence, the recovery
of one extinguished response occurs when a second response has undergone extinc-
tion (Epstein, 1983; Sanchez—Carrasco & Nieto, 2005).

Those effects have been explained by different mechanisms. However, in recent
years some authors have claimed that although all of them involve distinct procedures
they all might share a common mechanism (Bouton, Winterbauer, & Todd, 2012; see
also McConnell & Miller, 2014; but cf. Podlesnik & Kelly, 2015, this issue). The pres-
ent article focuses on renewal to explore the common mechanism shared by all of
the aforementioned response recovery phenomena. Specifically, we analyze herein
evidence that supports a recent model that explains renewal: attentional theory of
context processing (ATCP). Additionally, given that renewal has been proposed as a
model for understanding the mechanism of lapse and relapse, we will note that ATCP
has exclusively and relevant implications that could be used to thwart relapse. Thus,
in the first part of the present review the renewal effect is illustrated, and the retrieval
of information theory (RIT) is reviewed in some detail (see Bouton, 1994). Then, we
briefly present some research conducted to explain why the retrieval of extinction
learning is highly context specific. Following this, studies testing predictions of the
attentional theory of context processing (ATCP) are reviewed. Finally, we note some
clinical implications.



ATTENTION AND CONTEXT-SWITCH EFFECTS

The renewal effect: A key phenomenon

The partial recovery of an extinguished response by changing the context between
extinction and test has been studied using three different designs: ABA, AAB and ABC
renewal. For example, Bernal-Gamboa, Carrasco-Lépez and Nieto (2014) trained
three groups of rats in a free—operant procedure. During acquisition, all rats pressed
the lever for food during six days in Context A. Then, all rats received an extinction
treatment for the next four days. In the AAB group, the rats’ response was extinguished
in the same context as was present in acquisition (A), while for Groups ABA and ABC
extinction took place in a different context (B). Finally, renewal was tested in one of
the three contexts (see Figure 1). Rats responded more in the test when they were re-
turned to the original context than when they received testing in the extinction context
(ABA renewal; cf. Bouton & Bolles, 1979; Bouton & Peck, 1989, Nakajima , Tanaka,
Urushihara, & Imada, 2000; Vila & Rosas, 2001). A similar pattern obtained (i. e., re-
sponding more in the renewal context than in extinction context) when acquisition
and extinction was conducted in Context A and testing occurred in Context B (AAB
renewal; Bouton & Ricker, 1994; Tamai & Nakajima, 2000; Rosas & Callejas—Aguilera,
2006), and when rats received all phases in three different contexts (ABC renewal;
Bernal-Gamboa et al., 2012; Bouton, Todd, Vurbic, & Winterbauer, 2011; Nelson,
Sanjuan, Vadillo-Ruiz Pérez, & Le6n, 2011; Rescorla, 2008). These results show two
important things about renewal: 1) extinction is not permanent and 2) all types of re-
newal have been found in both operant and Pavlovian preparations, although they
may not produce an equal level of renewal.

Research on renewal is relevant for different psychological areas such as theories
of associative learning (Bouton & Woods, 2008), neurobiological studies of learning
and memory (Delamater & Westbrook, 2014), emotional intelligence (Nelson, 2013)
and models of lapse and relapse (Bouton, Woods, Moody, Sunsay, & Garcia—Gutiérrez,
2006; Crombag & Shaham, 2002). Given that Bouton provided an explanation for
renewal (and other interference phenomena) that has guided research in this area for
more than 20 years, we describe in some detail his theoretical perspective.

Retrieval of Information Theory

Following the assumptions of other associative models, Bouton (1993, 1994) sug-
gested that the associative memory is formed by nodes and by the associations among
them (Hall, 2002). The retrieval of information theory (RIT) model proposes that dur-
ing conditioning an excitatory association between the conditioned stimulus (CS) and
unconditioned stimulus (US) is established. Bouton assumes that at the end of extinc-
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Figure 1. A within subject test for renewal of operant responses. Mean responding during test in both extinc-
tion contexts and renewal contexts. Error bars denote standard errors of the mean. Based on Bernal-Gamboa,
Carrasco-Lépez, and Nieto (2014).

tion the excitatory link between the CS and US is not lost but remains intact. However,
a second, but inhibitory, association between the CS and the US is formed (see
Konorski, 1948; Pearce & Hall, 1980). Thus, the CS acquires both excitatory and in-
hibitory relations to the US.

According to Bouton (1994) activation of the inhibitory association depends on
the contextual cues. Specifically, the background activates another node that acts as
an AND logic gate. On the one hand, when the Context node and CS node are acti-
vating simultaneously, the inhibitory association suppresses activation of the US rep-
resentation; therefore, subjects show extinction-like performance. On the other hand,
no activation of the Context node would boost the excitatory association allowing the
renewal of the conditioned response (CR). In conclusion, RIT assumes that it is nec-
essary to be in the extinction context to remember the extinction learning. Moreover,
according to this model renewal is a failure in the retrieval of extinction learning.
Therefore, ABA, AAB and ABC renewal are predicted.

Why does the recovery of extinction learning depend on the context?

To answer why the retrieval of extinction learning is context-dependent, Bouton
proposed two hypotheses; both were built on features of the information in the situ-
ation. The first relies on the quality of information: given that during extinction inhibi-
tory associations are acquired, then all inhibitory associations would show contextual
dependency. However, pertinent research has indicated that both inhibitory and ex-
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citatory associations can generalize well across contexts (Bouton & Nelson, 1994;
Nelson & Bouton, 1997). The other hypothesis relies on the sequence of information:
given that extinction is the second learning about CS, then context dependence should
be found only during second-learning. This was supported by animal data showing
that regardless of the type of association (i.e., excitatory or inhibitory) only the sec-
ond-learned information was sensitive to contextual changes (Nelson, 2002, 2009).

Although clear, the idea that only the second-learned information is modulated
by contextual cues has been inconsistent with data obtained in both human and non-
human animals. For example, Carranza-Jasso, Urcelay, Nieto, and Sanchez-Carrasco
(2014) found that generalization of a first-learned appetitive CR (acquired in Context
A) to a different context (B) was affected when an intertrial interval (ITI) with short
durations was used rather than one with long durations (see also, Bonardi, Honey, &
Hall, 1990; Hall & Honey, 1989). In experiments with human participants, the re-
trieval of simple excitatory conditioning has been shown to be context-specific. Using
a computer game, Bernal-Gamboa, Alvarado, et al., (2012) trained two groups of
participants to shoot an enemy vehicle in the presence of a visual stimulus (X) in
Context A. Participants in one group received three acquisition trials, while those in
a second group received eight. During testing, all groups received presentations of X
in the same context where they were trained (A) and in a different context (B).
Participants receiving three trials in Context A did not transfer the correct response to
Context B (see Figure 2; see also, Ledn, Abad & Rosas, 2010a), while those receiving
eight trials did transfer the correct response to Context B.
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Figure 2. Mean of correct responding during test in presence of X for both groups 3 and 8 in contexts A and
B. Error bars denote standard errors of the mean. Based on Bernal-Gamboa, Alvarado et al. (2012).
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The previous examples along with other results (see, Leon, Abad & Rosas, 2010b;
Lucke, Lachnit, Koenig, & Uengoer, 2013; Lucke, Lachnit, Stiittgen, & Uengoer, 2014;
Preston, Dickinson, & Mackintosh, 1986; Rosas, Garcia-Gutiérrez & Callejas—Aguilera,
2006) indicate that even the retrieval of the first-learned information is affected by
context changes.

Attentional Theory of Context Processing

To account for such inconsistent findings, Rosas, Callejas—Aguilera, Ramos-Alvarez
and Abad (2006) proposed the attentional theory of context processing (ATCP) as an
extension of Bouton’s theory. According to these authors, the context-dependence of
information is based on a mechanism of attention to the contexts during learning. For
example, if contexts are attended to, recovery of any information learned within the
attended context becomes context-specific, regardless of whether it is the first or sec-
ond information learned. Rosas et al., (2006) proposed that attention could be modu-
lated by different factors (see also, Nieto & Bernal-Gamboa, 2013). However, because
of its relevance to the renewal effect we will focus on one factor: the ambiguity in the
meaning of a cue produced by extinction.

Unlike Bouton, ATCP proposed that the contextual control in renewal relies on the
modulation of attention and not on a feature of the information (second learned or
ambiguous). This additional assumption allows it to predict that after extinction any
information learned would become context—specific. Bernal-Gamboa and Nieto (2012)
conducted an experiment using a conditioned taste aversion (CTA) procedure with
rats to test that idea. Two groups of rats received free access to Flavor X water, imme-
diately after they received a lithium chloride (LiCl) injection in Context A. In the next
phase, all rats drank Flavor X during three trials without injection (extinction trials).
Then, all groups received free access to Flavor Y water, and this consumption was
paired with an injection of LiCl in Context A. Finally, consumption of Flavor Y was
measured in a test session in either Context A or Context B. During the test session,
no injection occurred and water consumption was measured. According to Bouton,
given the information thatY is neither second-learned nor ambiguous information,
both groups should show similar levels of consumption of Y in the test session. However,
as the data in Figure 3 show, Bernal-Gamboa and Nieto’s (2012) rats tested in Context
B consumed more Y—flavored water than did rats tested in Context A, suggesting poor
retrieval of the relation between Y and illness produced by the context change (see
also, Rosas & Callejas—Aguilera, 2007; but see Nelson, Lombas, & Ledn, 2011).

The findings previously mentioned are consistent with the ATCP because they sug-
gest that after extinction of Flavor X rats attended to the context producing a contex-
tual specificity in the learning of Y. Similar results were obtained using temporal



ATTENTION AND CONTEXT-SWITCH EFFECTS

N
(o))
)

N
IS
L

N
N
1

N
o
!

8 - M EA
OEB

Mean Consumption of Y (ml)

2-trials block

Figure 3. Mean consumption of Y during test for group EA and EB. Error bars denote standard errors of the
mean. Based on Bernal-Gamboa and Nieto (2012).

contexts with rats (Bernal-Gamboa, Callejas—Aguilera, Nieto & Rosas, 2013) and
fictional contexts with human participants (Rosas & Callejas—Aguilera, 2006; see also,
Nelson & Callejas—Aguilera, 2007; Nelson, Lamoureux, & Leon, 2013).

Furthermore, there is evidence suggesting that once the attention to the context is
aroused, this attentional modulation can be maintained even in different tasks.
Recently, Bernal-Gamboa, Callejas—Aguilera, and Rosas (2014), trained two groups
of rats to run down a straight alley (Context A) when water was at the end of the alley
(Task 1). The next phase was conducted in Context A. Rats in Group NE received the
identical treatment to that in the previous phase. Rats in Group E received only ex-
tinction trials. In the next phase, both groups were exposed to a second task, which
consisted of a CTA trial in which Flavor X was given in a different location (Context
B). Finally, consumption of Flavor X was measured in Context C. According to ATCP,
experiencing extinction in Task 1 would make conditioning of Task 2 context-depen-
dent. The data in Figure 4 show that the findings were consistent with that prediction:
rats in Group E consumed more water flavored with X in Context C than did the Group
NE rats (see also, Rosas & Callejas—Aguilera, 2006). Furthermore, similar results ob-
tained when the order of the tasks was reversed, acquisition and extinction of CTA
(Task 1) was followed by running down the alley for water (Task 2; see Bernal-Gamboa
etal., 2014).
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Figure 4. Mean consumption of Y during test for group E and NE in context C. Error bars denote standard er-
rors of the mean. Based on Bernal-Gamboa, Rosas, and Callejas—Aguilera (2014).

In conclusion, although ATCP is still in development, it seems a good candidate
to explain a full range of findings for which the RIT cannot account. Moreover, its
central construct has been supported with evidence. Recently, for example, Nelson
etal., (2013) reported in a behavioral suppression task with humans, direct measures
of attention to contextual cues during extinction. Assuming the participation of an at-
tentional mechanism in renewal has implications for applied situations. In the next
section, we address a key point derived from our suggestions about the mechanisms
of renewal that could be used to prevent relapse.

Clinical Implications

Several learning theorists have proposed that the study of the renewal effect could
contribute to a better understanding of some mechanisms of clinical relapse of un-
healthy behavior (e.g., Bouton, 2011; Crombarg, Bossert, Koya, & Shaham, 2008).
Given that renewal (relapse) occurs outside the extinction context (therapist office),
several authors have proposed it as an associative model of relapse after treatment
(Bossert et al., 2004; Conklin & Tiffany, 2002; Laborda, McConell, & Miller, 2011).
Thus, the development of long-term behavioral treatments to prevent renewal is of
major interest to researchers in this area.
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A central assumption of the ATCP is that attention to contextual cues during learn-
ing is a critical factor that determines whether its retrieval would depend on the con-
text or not. Thus, one implication is that if during treatment the therapist reduces the
client’s attention to the therapeutic setting, then the learning (therapeutic strategies)
acquired there could be generalized to different environments, thwarting relapse.

Although that prediction has not been explored directly, recent findings could be
promising. In a study using a human predictive learning task (Miller, Lefebvre, Lyon,
Nelson, & Molet, 2014), participants learned during Phase 1 that a medicine was as-
sociated with fever but not nausea. Then in Phase 2, a counterconditioning procedure
was conducted in which the participants learned that the medicine produced nausea
but not fever. Finally, participants were tested immediately or after a retention interval
(temporal context). During the retention interval, one group received a focused — at-
tention exercise, while the other one received a control exercise. Participants receiv-
ing the control exercise showed a spontaneous recovery of the initial learning acquired
in Phase 1. However, spontaneous recovery was prevented when humans received
the focus — attention exercise, because they recovered the information learned in
Phase 2. Additionally, those participants showed similar predictive ratings than the
participants that were tested immediately (for similar findings in resurgence see,
McHugh, Procter, Herzog, Schock, & Reed, 2012).

Despite the promising findings of Miller et al. (2014), it is important to note its
preliminary nature. Thus, more research should be done using human and nonhuman
animals, also different procedures (appetitive and aversive) need to be evaluated. In
particular, we suggest that the development of nonverbal techniques that modulate
attention to contextual cues could be relevant to studies with nonhuman animals.

Note that we are extending the efficacy of focus attention to prevent spontaneous
recovery and resurgence to renewal, because there are authors that assume that such
recovery effects share a common mechanism (Bouton et al., 2012). However, some
researchers have claimed the contrary (see, Podlesnik & Kelly, 2014, 2015 this issue;
Shahan & Sweeney, 2011). Thus, besides the benefits of evaluated treatments that thwarts
relapse, this line of research could contribute as well to a theoretical level of analysis,
by discovering whether recovery effects share or not a common mechanism.

Summary

The present article reviews some data consistent with the view that extinction is not
the erasure of previously learned information. Specifically, the renewal effect indicates
that contextual cues play a major role in the recovery of extinction learning. Although
the RIT has guided the research in this area, inconsistent data has led Rosas et al. (2006)
to propose the ATCP as an extension of RIT. The additional assumption of ATCP relies
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on an attentional mechanism to context rather than a specific feature of the informa-
tion. Several studies have been conducted in order to test their predictions (see, Abad,
Ramos—Alvarez, & Rosas, 2009; Callejas—Aguilera & Rosas, 2010; Nelson et al., 2013).

Because the overall results support the ATCP, it is important to continue testing its
predictions and its generality in both human and nonhuman animals, and with dif-
ferent procedures. It also is important to evaluate whether the basic effect of contex-
tual control arising as a function of extinction can be demonstrated in other recovery
phenomena such as reinstatement or resurgence. Finally, given the therapeutic use of
focus attention procedures in clinical settings (mindfulness), ATCP seems a good can-
didate to link basic and applied research in a successful way.
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